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INTRODUCTION 

The fact that pregnancy and childbirth are often regarded as 'wonders of 
Nature', even in professional circles, may partly be explained by the fact that 
relatively little is known about the physiology and pathology of the uterus, which 
plays an important part in the origin, growth and production of all human life. 

Although one often speaks lightly of pains, uterine inertia and strong labour 
contractions, our knowledge about the actual physiological background to 
these processes is insufficient. We speak about induction of labour without 
knowing exactly when and how natural childbirth begins, and how it proceeds, 
while we arc still largely in the dark as to the operation of oxytocic drugs. 

Consequently innumerable methods have been devised and developed with 
the passing of years, all aiming at the enlargement of our insight into the 
mechanism of labour. 

In addition to the technical and ethical objections, the majority of these 
methods give far too static and quantitative a picture of an organ as predo
minantly dynamic as the uterus, even when it only functions as a 'Fruchthalter' 
during pregnancy. Moreover, many of these techniques, e.g. the measurement 
of the amniotic pressure, give an impression of the overall uterine activity, 
without providing information as to the separate contributions of the corpus 
uteri and the cervix, and their mutual connections. 

These large gaps in the knowledge of the physiology of the uterus, and our 
regular confrontation with the consequences of this incomplete knowledge of 
uterine physiology in practical obstetrics, induced us to make this study. 

We had various reasons for studying the electrical aspects of uterine activity. 
Electrocardiography, electroencephalography and electroretinography have 

contributed to an important expansion of knowledge in the fields of the heart, 
the brain and the eye, with spectacular clinical consequences. The obvious 
conclusion drawn from this was that an approach to uterine physiology from this 
angle might be successful. 

In the second place, we were looking for a method which would give an 
overall qualitative and d\namic picture of the uterus out of as well as during 
all its generative stages. 

Last but not least we aimed at a method which would be simple and at the 
same time clinically applicable, both for the patient and for the investigator. 
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PART I 

STUDY OF THE LITERATURE 





CHAPTER 1 

SURVEY OF THE LITERATURE 

The idea of gaining an increased insight into uterine physiology by measuring 

action potentials is by no means new. 

As early as 1849 Du BOIS-REYMOND found that a piece of a non-pregnant 

rabbit uterus gave a weak electrical current. 

In 1880, POLAILLON wrote at the end of an article about the heat produced 

by a labour contraction : 'A contracting uterine muscle is also thought to produce 

electricity. But this last phenomenon remains to be studied.' 

Ever since 1910 and the invention of the string galvanometer by EINTHOVEN, 

there have been regular announcements in the literature concerning research 

into the electrical activity of the uterus. 

THEILHABER was the first to describe the experiments done by Воск and 

the way in which he acquired deflections on a string galvanometer from recto

vaginal leads from the non-pregnant human uterus. These deflections were 

not seen in the case of women on whom uterus extirpation had been done. The 

records, however, are rather obscure and cannot be used for further analysis. 

In 1912, VEIT sought for action potentials of the uterus in women in labour. 

Action potential registration from the arms only displayed electrocardiogram 

deflections. From the feet, however, he obtained deflections simultaneously with 

labour contractions. These deflections were not further interpreted. 

VEIT noted at the time that this was a very objective method of testing 

oxytocic drugs, 'since there is no direct contact with the uterus'. 

In 1914, BLUMENFELDT and DAHLMANN made a simultaneous record of 

the mechanical and electrical phenomena. Like THEILHABER, they used button 

probes (bougies) as leads, one in the cervix uteri, and one rectally at the level of 

the fundus uteri, and used a string galvanometer in accordance with EDEL-

MANN'S method. The mechanical record was made with a condom in the uterine 

cavity, connected to a mercury manometer. In patients in the puerperium, they 

found irregular deflections of the galvanometer, but no correlation with the 

mechanical phenomena. 

In animal experiments (dogs and rabbits) this correlation was present in 
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many cases. Deflections of the galvanometer were usually seen before mechanical 

activity was detectable. 

FOA (1913) discov ered during the long and powerful contractions of the 

pregnant uterus of a Guinea pig a scries of electrical wa\es, expressing the 

tetanic character of a contraction. Ergot-induced contractions of a non-pregnant 

uterus were not accompanied with detectable action potentials. 

In 1928, DEEDS, VOEGTLIN and ROSENTHAL developed a sensitive apparatus 

with which continuous registration of muscle contractions and potential changes 

could be obtained. They found that uterine contraction in rabbits was accom

panied with a steep drop in potential and that the relaxation was characterized 

by restoration of the potential. 

In 1928 GREENE described experiments with an isolated contracting rat 

uterus. During contraction he found two sorts of electrical activity: a slow de

flection with a high amplitude of the galvanometer lasting throughout the whole 

contraction (30-40 sec), and low-voltage fast deflections with a frequency of 

2 per second, the amplitude increasing as the contraction became stronger. 

As electrical phenomena were only observed during contraction and were 

present before the uterine muscle contracted, ΟΓΕΕΝΕ concluded that these action 

potentials were the expression of some stimulating mechanism. He suggested that 

these electrical waves were neurogenic in origin. 

In 1930 HASAMA described his researches into the bio-electrical phenomena 

of the rabbit uterus, which he obtained directly from the uterus through an 

opening in the abdominal wall. He found virtually regular diphasic deflections 

of the string galvanometer with a frequency of 1/12 cps, almost simultaneous with 

the visible contractions. He found no faster potential changes. Pregnant uteri 

were not examined. 

BODE introduced the term 'electrohysterogram' in 1931. He examined 

women in labour during the final phase of dilatation using К D U MANN "s string 

galvanometer. 

As electrodes, 2 needles were inserted subcutaneously at the level of the 

umbilicus. His records were in the form of slow fluctuations in potential, 

remarkably similar to a mcchanogram, i.e. a slow rise to a given level, then a 

short horizontal section and finally a slow descent to the starting-level. 

In the same year BODE used this method to describe the reactions of the 

pregnant uterus to posterior pituitary hormones and found that the human 

uterus reacts to oxytocin at every stage of pregnancy. 

ROSENBLUETH, LEESE and LAMBERT (1933) examined the electrohystero-
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gram of the pregnant cat uterus in situ and found slow fluctuations in potential 

at a frequency of 1/4-1/8 cps during contraction. 

CLASON (1934) described a method virtually identical to BODE'S. Synchro

nously with labour contractions, he obtained slow diphasic waves with faster 

waves superimposed on them, which he ascribed to respiratory excursions and 

abdominal wall phenomena. 

FALK and ΝΛΙΙΟΝ ( 1935) examined women in various phases of the menstrual 

cycle. They took leads from the fundus uteri and the cervix via an intrauterine 

electrode specially made for the purpose, using a string galvanometer for 

registration. Between the 9th and 18th day of the cycle, they found waves that 

changed moderately in duration and intensity and lasted about 20 seconds on 

an average. These were most pronounced between the 12th and 16th day of the 

cycle, but were only rarely observed after the 20th day. Repeated injections with 

oestrogenic substances did not regularly increase these waves. 

In a long series of articles BOZLER (1938-1942) laid the foundations of the 

electroph)siology of smooth muscle tissue. 

He pioneered the use of an instrument other than the string galvanometer, 

a 'valve-amplifier plus a cathode-ray-oscillograph'. He showed that smooth 

muscles must be regarded as svneitia, in which the impulses are transmitted from 

cell to cell within the muscle. 

Further, he found that smooth muscles have a greater tendency towards 

repetitive discharge than striated muscular or nervous tissue. Every spontaneous 

contraction of a smooth muscle produces a series of discharges whose duration 

and frequency are characteristic of the various sorts of smooth muscle tissue. 

The uterine muscle has a relatively low frequency (1-4.5 cps). Discharge 

lasts 40-60 sec. and ends abruptly. 

Duration of discharge is longer towards the end of pregnancy than during 

the oestrogenic phase of the menstrual cycle. Depression and stimulation of the 

activity were, according to BOZLFR, two phases of the activity of the same nerve 

impulses. The reaction was said to depend on the functional condition of the 

uterine muscle, e.g. oestrus complete or incomplete, pregnant or non-pregnant. 

In anoestrus, the cat uterus does not respond to electrical stimulation. After 

administration of oestrogenic substances, excitability gradually increases. 

In anoestrus, motility is slight and unco-ordinated ; contractions occur 

anywhere independently, producing local residual activity. This lack of co

ordination is caused by insufficiently high excitability and conductivity. In 

oestrus there are two types of activity: rapidly transmitted and slowly moving 
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contraction waves. Where transfer of impulses is low, only a small number of 
fibres contract together. Contraction of a uterine muscle fibre produces a mono-
phasic peak of short duration, but a large group of fibres produces a complex 
wave-form. 

In normal labour large groups of fibres act as an extensive syncitium more 
or less simultaneously, bringing about efficient contractions. The peak potentials 
measured here arise by means of conduction of impulses from cell to cell. This 
motility is accompanied electrophysiologically with a repetitive discharge of 
impulses, which is the reason why BOZI.ER regards this motility as a tetanic 
contraction. 

The slow waves are probably peristaltic, whereas the faster ones are the 
expression of tetanic contractions. These peristaltic contractions were thought 
to come into being if muscle excitability was small and conduction was limited. 

This type of activity is more localized, and its conduction is determined by 
the gradual return of excitability to diverse places in the organ. The local po
tentials can be interpreted as polarization changes in the cell area. They can be 
regarded as the basis for the automatic action of smooth muscles. 

Experiments show that slow potentials must be due to an activity that is not 
conducted. Local potential changes can occur in all the tissues studied, while no 
impulses arc sent out. This situation is caused by depression of excitability of the 
muscle. 

JACOBSON, LACKNER and SINYKIN (1939) examined 29 non-pregnant women. 
They used a string galvanometer and platinum-iridium needles as electrodes. 

They took leads in 3 ways: 

1. Two electrodes in the fundus, a few millimeters apart. 

2. One in the fundus, and one in the cervix. 

3. Both electrodes in the cervix. 

In addition, a mechanical record was made by means of a balloon in the 
uterine cavity. They found, partially depending on the method of attaching the 
leads, potential changes of various frequencies and intensity and varying long 
intervals. After intramuscular injection of an aqueous solution of corpus luteum 
extract, lessened contractility was observed. In the authors' opinion, uterine 
tonus was being measured for the first time, expressed in very fast fluctuations 
of a few microvolts. 

In 1939 MCINTYRE gave a survey of his electrometrographic researches. 
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He used a string galvanometer and ordinary electrocardiogram electrodes placed 
on the abdominal wall. After electrical activity had been measured in Rhesus 
monkeys in labour during contractions in this way, he also applied it to women 
in the final stage of pregnancy. He found that during the few painless contractions, 
electric waves could be detected from the abdominal wall. He does not give a 
further detailed description of this activity. In order to gain more insight into 
fundamental bio-electrical phenomena, he extended his experiments to puerperal 
cat uteri in situ. 

The electrodes were placed directly into the uterus, while at the same time 
mechanical measurement of contractions was carried out by means of a small 
intrauterine balloon connected to a manometer. He found that every contraction 
was accompanied with considerable electrical variations and that electrical 
activity began a little earlier than mechanical activity. The electrical activity 
existed in the form of rhythmical, two-phase waves of 1-1/3 cps. These waves 
lasted as long as the contraction and had disappeared at the commencement of 
relaxation. He found no waves in the interval. 12-15 Waves occurred during 
a contraction with a number of small superimposed deflections at a frequency 
of 6-10 cps. 

In MCINTYRE'S opinion, the fact that the electrical variations from contraction 
to contraction were very similar pointed to a common source for the excitation 
waves, called by him the 'pacemaker'. He was of the opinion that pacemakers 
existed in the tubo-uterine part and that there was a special conducting system 
in the uterus, analogous to the PURKINJE system in the heart muscle. 

MORISON, who in 1940 made a special study of the effects of administration 
of adrenalin and stimulation of the periarterial nerve plexus on the mechanical 
and electrical activity of uterine muscle, found that after oestrone injections the 
uterus of a cat or rabbit in situ produced electrical activity with a slow frequency 
during spontaneous contractions. He usually saw the ovarian end contract before 
the cervical end, which was in his opinion indicative of a pacemaker in the 
ovarian part of the uterus. 

BALASSA and GURD ( 1940-1941 ) used a string galvanometer with a sensitivity 
of 1/4 millivolt per cm and in 57 rabbits, of which 9 were pregnant, examined 
the mechanical and electrical activity of the uterus in situ. They used needles as 
electrodes. In non-pregnant animals they found but slight spontaneous con
tractions, with simultaneous electrical activity in waves of 0.5-1 millivolt 
lasting for 12 seconds, as also described by HASAMA (1930). 

In pregnant animals, shortly before delivery or within 24 hours afterwards, 
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they principally found peak potentials of 0.5-1 millivolt and a frequency of 
1-3 cps. At the commencement of pregnancy and 5-7 days post partum they found 
slow waves with more or fewer peak potentials. All sorts of transitional stages 
between slow waves and peak potentials were found. The duration of a con
traction was about 30 seconds, yet the electrical changes lasted for only 15 
seconds. Simultaneous registration of respiration proved that it had no influence 
on the record. 

If oestrogenic substances were injected into immature rabbits, in which no 
action potentials could be detected, spontaneous contractions occurred with 
peak potentials with the same characteristics as those in pregnant animals, i.e. 
5-15 spikes per contraction. If gonadotrophic substances were injected, while 
slow waves were virtually absent, spontaneous contractions were noticed with 
both slow waves and peak potentials superimposed on them. 

So they found two independent forms of electrical activity in the uterus 
and proposed that the difference in electrical phenomena accompanying spon
taneous contractions demonstrates the different natures of the weak peristaltic 
movements in anoestrus and the powerful contractions of the pregnant uterus 
or the uterus in oestrus. In the writers' opinion, there should be two receptor 
systems in the uterus, the functioning of which depends on hormones. 

The authors were further of the opinion that oestrogenic substances in rabbits 
and cats gave powerful and co-ordinated contractions with peak potentials at 
the start of the contractions. According to BOZLER, the impulse in oestrus is 
conducted from cell to cell and the uterus behaves as a syncitium, bringing about 
the peak potentials. 

Progesterone gave a decrease in spontaneous contractions and a slight 
reaction of the uterus to oxytocic drugs. Spontaneous peak potentials disappear 
and the peak potentials brought about in reaction to drugs are lower in voltage 
and fewer in number than in oestrus. In the authors' opinion, progesterone 
seems partially to suppress the mechanism responsible for the conduction of 
impulses. There arc still peak potentials, but much fewer in number and with a 
lower amplitude than in oestrus. 

At the beginning of pregnancy, the mechanical and electrical reactions are 
the same as those during the progesterone phase of the menstrual cycle. Towards 
the end of pregnancy, the uterus returns to the oestrus type of reaction. Powerful 
spontaneous contractions come into being, and these contractions, like those 
induced by drugs, are accompanied with peak potentials which are, however, 
of higher voltage and greater regularity than those in oestrus. The contractions 
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in anoestrus are of lower voltage and give no peak potentials, implying that 

conduction from cell to cell does not take place then. 

In the opinion of these research workers, this conduction of impulses is 

associated with the presence of the oestrogenic hormones. Whether or not con

duction can take place during pregnancy depends on the predominance of cither 

the oestrogenic hormone or the luteal hormone. According to the authors, the 

significance of the slow potentials in the anoestrus uterus is obscure. 

LANGMANN and BURR (1941) used an apparatus on which only slow po

tential fluctuations were registered (minimum 1/3 cps). In this way they cut 

out interfering potentials from respiratory, cardiac or abdominal wall muscles. 

Electrodes were clipped to the dorsal and ventral lip of the cervix, and the 

record produced at different phases of the cycle was of variable strong motility, 

with a fairly constant electrical wave-form that was not further discussed. 

Throughout the cycle oxytocin produced an increase in activity and progesterone 

produced a decrease. The menopausal uterus shows little activity, but it increases 

after injection of oestradiol-benzoate. In all patients who received oestradiol, 

increased uterine contractility was observed. 

MESTWERDT (1944) turned to the electrophysiology of the uterus in an 

effort efficiently to counteract a primary weakness in labour due to premature 

rupture of the membranes. He used a SIFMENS electrocardiograph with a 

frequency range of 1/3 to 400 cps and a mean sensitivity of 1 millivolt per cm. 

Electrocardiograph plate-electrodes were placed on the abdominal wall of 

women during the first stage of labour, one over the fundus uteri and one above 

the symphysis. However, he only obtained respiratory excursions and cardiac 

and abdominal wall muscle potentials. As η rc-ult, he took leads directly from 

the uterus during Caesarean section and post partum or abortum, if intrauterine 

intervention had to happen in anv case. 

He then inserted a needle-electrode to the depth of 5 mm into the fundus 

musculature and a second electrode into the anterior or posterior part of the 

cervix. In the case of Caesarean section he found much respiratory excursions; 

in the post partum state, flat slow waves were observed with an electrocardio

gram superimposed on them. 

Oxytocin, administered intravenously, gave a clear increase in the rhythmical 

course and amplitude after one minute, while on the slow waves, smaller ones 

were often seen to be superimposed. Post abortum, after administration of 

oxytocin, he obtained small waves from the fundus lead, recurring fairly regularly 

and rhythmically with a frequency of 1/2 cps. Leads from the cervix of extirpated 
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uteri, immediately after extirpation, produced slight, slow, irregular deflections 

in both electrodes. 

By placing the electrodes into the tube part of the uterus, he found much more 

activity with variable amplitudes and a frequency of 1 cps. If the electrodes 

were inserted closer to each other (0.5 cm apart), clear increases in frequency 

and amplitude were observed. 

Since 1945 extensive research has been carried out in America on pregnant 

women and women in labour. 

DILI, and MAIDEN ( 1946 ) used various apparatuses for this purpose : 

1. Λη ЛС-electrocardiograph with a frequency range of 1-50 cps and a 

sensitivity of 1 millivolt per cm. 

2. Λη AC-electroencephalograph with a frequency range of 1-35 cps and 

a sensitivity of 10 microvolt per cm. 

3. Λ DC-amplifier for registration of potential fluctuations lower than 

1 cps. 

They attached 2 electrodes to the abdominal wall and found that uterine 

contractions were accompanied with action potentials of low frequency (1 cps) 

and amplitude. No constant contraction pattern was found, nor any special 

pacemaker. (In our opinion, this would not have been possible with only one 

active electrode. ) If the electrodes were placed directly on the uterus at Caesarcan 

section, the same wave-form was obtained but with a higher amplitude. 

In 1948 they extended their researches using a DC-amplifier with 3 channels, 

which enabled them to obtain records from 3 places at once. 

They examined 40 patients in various stages of labour. Where labour was well-

advanced, they found almost identical, co-ordinated and synchronous traces. 

After administration of oxytocin they always found potential fluctuations of 

high amplitude. 

They concluded that the electrohystcrogram has no constant wave-form 

like the electrocardiogram, but shows slow and very slow waves (of 1/3-1/5 cps 

and 1/10-1/30 cps), sometimes local, sometimes generalized. They found no 

indications for a conduction path for the impulse, nor for the existence of a 

pacemaker. According to the authors, the contraction may originate from 

several areas, with the greatest frequency of origin in the lower uterine segment. 

In 1946 VARANGOT described a technique for detecting action potentials 
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in the uterus of a woman and in the isolated rat uterus. He used a valve 

amplifier -f- cathode-oscillograph, and in the isolated organ during contractions 

he found a series of waves with a frequency of 1-1/3 cps and an amplitude less 

than 100 microvolt. In women, he introduced a rubber exploratory probe into 

the uterus with 2 small silver-chloride plates at the end, at a distance of 2 cm apart. 

In this way he was able to demonstrate action potentials which could go up 

to 100 microvolt, from which it appeared that respiration and the pulse produced 

no troublesome artefacts. No more detailed analysis of the graphs produced was 

given. 

LIESSE ( 1947 ) examined women at various phases of the menstrual cycle. 

He used an AC-amplificr with a sensitivity of 0.1 millivolt per cm. He inserted 

needles as electrodes into the cervix musculature. 

In the follicular phase of the cycle and sometimes during menstruation as 

well, he found waves lasting for one second, with a maximum amplitude of 

50-100 microvolt. Each wave was in the form of a scries of oscillations with 

a frequency of 10-15 cps. After a period of activity, a long interval with no 

activity was sometimes observed. 

During the luteal phase these wa^cs were not seen, while fast biphasic waves 

of high amplitude up to 500 microvolt were observed during menstruation. 

Simultaneous mechanical registration proved that the mechanical phenomena 

were associated with the electrical phenomena. 

STEER and HIRTSCH (1950) were the first workers to make an extensive 

comparative study of the various clinical phenomena of labour and their electrical 

aspects. They used ЛС- and DC-amplifiers, but did most of their research with 

an 'Electrohysterograph', designed by themselves: an AC-amplifier with direct 

pen registration and six channels, so that 3 electrical and 2 mechanical traces 

could be recorded simultaneously. One channel was operated by the patient 

to indicate the beginning and end of a labour pain. The sensitivity of this 

apparatus was 6.7 cm for 1 millivolt: the frequency range was 0.22-30 cps. 

The used solder-pellets 2 mm in diameter as electrodes, fixed in pairs on the 

abdominal wall with adhesive tape about 6 cm apart, one pair over the left 

uterine horn, one pair over the right, and one pair over the midline of the fundus. 

The ground electrode was attached to the left or right thigh. 

For direct leads from a uterus in situ or an extirpated uterus stainless steel 

wires were inserted into the muscle wall. Mechanical measurement of contractions 

was done by the 'strain-gauge' principle, for which purpose a cup was placed 

over the top and one over the middle part of the corpus of the uterus. 
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On the basis of these experiments, STEER and HERTSCH concluded that the 
electrical activity of the uterus might be detected in various parts of the body, 
but for practical purposes was best done from the abdominal wall. 

During normal labour, they found irregular, sometimes sinusoidal waves 
during contractions, with a frequency of 1/3-2 cps and an amplitude of 100-500 
microvolt. The degree of activity varies from patient to patient, but is always 
present when normal labour is present or impending. 

Between contractions the record is flattened, with the electrocardiogram 
superimposed on it. The electrical activity commences simultaneously with the 
mechanical activity. The patient indicates pain only 10-20 seconds later, the pain 
remaining as long as there is electrical activity; mechanical relaxation however 
lasts 20-60 seconds longer. This activity may be found in one, two or all three of 
the leads. In well-established active labour synchronous activity is registered from 
all three leads. 

In 'early labour' and 'false labour' they found electrical activity in one 
or at the most two leads, with a frequency of 1/3 cps and an amplitude of 100-300 
microvolt, mostly of shorter duration than in strong active labour. 

The electrical activity mostly begins in the left lead in early labour and as 
labour progresses, the middle of the fundus and the right cornu also come into 
action. The authors considered this to be an indication for the existence of a 
pacemaker. In a well-advanced labour one must either assume multifocal syn
chronous pacemaker?, or extremely rapid transmission of the original impulse 
from a single pacemaker. In uterine inertia activity was found in only one lead, 
and it was very irregular, not resembling that of normal labour. 

No constant localization of the pacemaker and almost no electrical activity 
in the lower uterine segment were found. This inactivity of the lower uterine 
jegment was also shown by REYNOLDS by mechanical means. 

If electrodes were inserted into the cervix, similar waves were then obtained 
to those from the abdominal wall, but with a lower amplitude. 

Leads taken direct, during a Caesarean section in labour, produced irregular 
waves with a frequency of 1 /3 cps, the same as those in leads from the abdominal 
wall. The same records were also obtained in leads taken from an extirpated uterus 
after Caesarean section as from the abdominal wall, but the frequency was 
somewhat lower (1/4-1/2 cps). 

During a labour contraction, STEER and HERTSCH using DC-amplifiers, 
obtained variable, very slow waves with more rapid ones (1/3-2 cps) super
imposed on them, with an amplitude of 100-500 microvolt. These slow waves 
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varied in appearance from contraction to contraction and could reach an 

ampli tude of 5 millivolt. 

According to STEER and H E R T S C H uterine inertia, in which there are painful 

contractions but no detectable electrical activity, comes about when only small 

groups of fibres contract as a unit (see BOZI .ER) and the electrical output of most 

of these units is too small to reach the surface. Lack of transmission of the 

electrical impulse comes about as a result of the lack of excitability of the in

dividual fibres. 

HALLIDAY and H E Y N S ( 1950 ) developed an appara tus fundamentally the 

same as that with which D u x and M A I D E N had worked. 

Electrodes were fixed to the abdominal wall with bands, one over the fundus, 

one over the lower uterine segment and one neutral electrode to the arm. 

About a hundred records were taken in this way; 22 during pregnancy and 

78 during parturit ion, of which 19 were also taken during the third stage of 

labour. 

They found fluctuations of the potential between 5 and 150 millivolt, with 

a rise in potential at the beginning of the contraction and a fall at the end, with 

positive deflections during a contraction. 

T h e electrode over the fundus gave higher potentials than the one over the 

lower uterine segment. At the end of dilatation, as a result of the gross stretching 

of the lower uterine segment, the supra-pubic electrode gave high potentials 

with extensive fluctuations. T h e authors found no correlation between the 

strength of a contraction and the amplitude, while they did sometimes see po

tential fluctuations with no noticeable contraction or sensation of pain. 

Eleven out of the 22 gravidae (27-40 weeks) showed potential fluctuations, 

generally without any activity in the lower uterine segment. 

Immediately after delivery, HALLIDAY and H E Y N S found little or no electrical 

activity in the well-contracted uterus. When an electroencephalograph was used, 

they were able to register electrical activity at a frequency of 20 cps and an 

ampli tude of about 50 microvolt. 

H A U P T , a pupil of M E S T W E R D T , wrote a dissertation on the detection of action 

potentials from the uterus (1952 ) . 

He used practically the same methods as his master, but did not succeed in 

obtaining action potentials from the abdominal wall during parturit ion. 

He only detected respiratory excursions, not uterus potentials, using an 

intrauterine electrode after curettage and only found fluctuations in potential 
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m 4 out of 15 extirpated uteri, with an average duration of 10 seconds; these 
fluctuations became stronger after injection of oxytocin. 

HAJF.K and SOKOL (1952) used an electrocardiograph and examined 150 
women during various phases of the men.strual cycle. 

They used 4 electrodes, one intra\ aginally near the portio, one at the upper 
edge of the symphysis, one at the level of the coccyx and a neutral one on the 
right leg. The film speed was 40-60 cm/'min. They found lively activity in the 
follicular phase, but a flat line in the luteal phase. Posterior hypophyseal hormone 
produced a clear increase in motility in the follicular phase, but no reaction in 
the progesterone phase. By means of leads taken from the in situ uterus during 
operations, the authors got the same records as from exterior leads in the same 
phase of the cycle. Respiration was also registered in some patients, but it had 
no influence on the record. 

LÉVY-SOLAL, MORIN and JACOUTO published the results of their studies in 
the same year (1952). 

They used an amplifying system with a cathode-ray-oscillograph: time-
constant 2.6 sec. and a sensithily of 1/4 millnolt per cm. Filmspeed was 
2.5 cm/sec. They sought in different ways for the existence of action potentials 
in the uterus. 

Leads from isolated uterine fibres produced bursts of action potentials; these 
were monomorphic and monophasic and always with the same frequency, i.e. 
4 cps in the non-pregnant uterus and 1 cps in the pregnant uterus at term. 

Such a small mass of tissue therefore behaves electrically as one functional 
unit. Leads taken direct during a Cacsarean section produced beautiful mono-
phasic waves, coming and going regularly at a frequency of about 1 cps. 

Traces from electrodes inserted into the uterus through the abdominal wall 
gave the same findings as in Caesarean sections, but more trouble was expe
rienced from the maternal electrocardiogram. 

When one electrode was placed on the cervix and one on the abdominal wall, 
the same records were obtained as when both electrodes were on the abdominal 
wall, but it was much less practical. 

With one electrode over the left horn of the uterus and one over the right, 
about 20-30 cm apart on the abdominal wall, the same results were obtained as 
by other methods, but this method is far more convenient in application. 

Moving the electrodes produced no significant alteration in the record. 

The authors were able to detect three types of uterine electrical activity 
during parturition, called types А, В and С 
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Type A. Each contraction produces 5-9 monophasic, sinusoidal waves with 

an amplitude of 1-3 millivolt and a frequency of 1/4-1 cps. 

During the interval between contractions a flat trace was observed. 

Electrical activity commences slightly earlier and lasts slightly longer than 

the pain. The waves are however s\ nchronous with the mechanical and palpable 

activity. 

Type В is characterized by a permanent lack of electrical activity. Even if 

there are considerable mechanical contractions, the record is a horizontal line, 

both during and between contractions, with an occasional rare small wave of 

low amplitude. 

Type C. A totally irregular picture with peaks and deep troughs and almost 

no horizontal portions, not even between contractions. The authors called this 

Thyperactivité électrique permanente'. 

Type A was thought to be the result of synchronous bunching of all the 

elementan action potentials b\ perfect intercellular co-ordination. 

The authors give two explanations for the origin of the sinusoidal wave. 

All the motor units do not act synchronously in a contraction, but succeed 

each other in a highly economic manner. Synchronous tetanus is thus brought 

about and all the cells work at the same time, yet there is constant repetition of 

impulses. 

The authors explain t\pe В as an intercellular asynchronism between the 

action potentials of the various fibres, as a result of which the innumerable 

elementary action potentials neutralize each other. 

Type С occurs because parts of the myometrium contract independently and 

unco-ordinatedly, preventing any action of the organ as a whole. The uterus 

behaves as a functional mosaic. 

As for the clinical significance of the records, LÉVY-SOLAL found that type A 

is found in a well-advanced labour. This type appears spontaneously after 2 

inches dilatation. Previous to the 2 inch dilatation somewhat weaker and more 

irregular waves were found without intervals, indicating an unco-ordinated 

activity. 

Type В is sometimes found in a seemingly normal labour according to the 

mechanicall) measured activity or the patient's subjective findings, but there 

is little or no progress of dilatation. 
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The muscle fibres themselves give normal action potentials, but there is no 

co-ordination, so that the action potentials neutralize each other, giving rise to 

seeming inactivity. Untreated, the contractions follow each other rapidly until 

spasm occurs, without any progress towards dilatation ('Rigidité spasmodique'). 

Consequently the uterus may be getting tired and hypertonic though the record 

remains flat. Type В activity can sometimes lead to complete dilatation for 

example in a grand multipara. 

Type С is the expression of functional asynergy. Every unit is its own com

mander and works independently. The various units thus give an unco-ordinatcd 

electrical hyperactivity, with no intervals. Clinically there are very painful 

contractions of long duration without intervals and without advancing dilatation: 

'hypertonic utérine par hyperactivitc électrique'. 

So hypcrtonicity may thus have two aspects: 1. Type В = hypertonia at the 

cell level and 2. Type С = hypertonia at an intercellular level. Each requires 

individual treatment. If type В changes into type Л during labour, there is an 

enormous clinical improvement. 

If an impression of changes in the form and consistency of the uterus is 

obtained by measuring labour mechanically, the intercellular co-ordination and 

its abnormalities may be registered in the electrohysterogram. 

Finally, the authors carried out researches into the electrohysterogram changes 

induced by drugs. 

Spasmolytics have no influence on type Л activity, although a decrease in 

amplitude is occasionally observed. There is no noticeable influence on the 

record of type B, but a very favourable influence is observable in type C, both 

clinically and in the electrohysterogram. 

First of all one sees a restoration of resting phases in the electrohysterogram, 

while high dosage changes the peaks into more or less sinusoidal waves resembling 

type Л. More must not be administered, for this will result in less efficient 

contractions. 

Oxytocin infusion has a damaging effect in type Л on the rhythm and 

intensity of contractions, but is of great significance in type В. Л few minutes 

after inserting the infusion, small waves ripple across the flat traces, and after 

10 minutes 'molaroid' waves come into being, characteristic of normal delivery. 

Although the contractions do not change clinically and mcchanographically, 

more rapid progress is seen in dilatation. 

So the action of oxytocin is not only to arouse contractility of the uterine 
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muscle fibres, but also to co-ordinate and regulate the activity, of the various 

muscle cells. T \ p e С is a contra-indication for infusion of oxytocin since it results 

in still larger stimulation. 

Prematurely ruptured membranes act beneficially in certain type Л cases, 

but in some type В cases produce no co-ordination at all. 

Although the results obtained from two electrodes are simple, they are never

theless highl) useful in practice. However, this method is not suitable for research 

into the origin, localization a n d conduction of action potentials in the myo

metr ium. 

In 1952 HALLIDAY a n d H E Y N S re-surveyed their results. 

They used highl) specialized electrodes on the abdominal wall, and a galvano

meter which, unlike the one used by D I I L a n d S T E E R , was very slow. This 

apparatus of D I L L and S T E E R was only sensitive to higher frequencies and they 

used a film speed that was too fast in relation to the nature of the phenomena 

they were studying. So they recorded a mass of smaller potential differences, 

including those from voluntary muscles, during bhort periods of e.g. one minute, 

while the rhythmic patterns can onlv be seen clearly in records lasting half an 

hour or longer. H A I LIDAY and H E Y N S used filters to eliminate the undesirable high 

frequencies. 

They examined 50 patients in labour, 60 gravidae not in labour and 15 

non-pregnant patients, in whom only very fitful potential fluctuations, less than 

a fraction of a millivolt, were found. In patients in labour they almost always 

found rhythmic potential fluctuations with an ampli tude of 3-4 millivolt. They 

used 3 leads, above, over and below the centre of the uterus, and often found 

equal and synchronous phenomena in all leads, occurring simultaneously v i t h 

the contractions. As the records lasted longer, they occasionally encountered 

small variations in the form of the trace from various points of the uterus, a n d 

the traces were sometimes entirely identical. 

Dur ing the second stage of labour the amplitudes of the traces from the 

lower uterine segment were m u c h lower than those from the fundus. After 

delivery they found a "silent per iod", until just before expulsion of the placenta. 

In a few cases of uterine inertia, they found contractions of shorter durat ion 

and lower ampli tude than in normal labour. 

They examined; 1. the ampli tude of the traces from the corpus a n d the 

lower uterine segment; 2. the differences in ampli tude found in normal and 

in difficult labour; 3. the duration of the fluctuations in potential in normal 

and abnormal labour. They found ю many variations from patient to patient 
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in 2. and 3. as to be unable to draw any reliable conclusion. Under 1., the 
amplitude in the lower uterine segment in a large proportion of cases was 
equal to that in the fundus, and sometimes even higher; however, during the 
final phase of dilatation and during the .second stage of labour, the amplitudes 
in the lower uterine segment were lower than in fundus traces. 

The authors come into conflict here with the hypothesis of REYNOLDS, 

obtained with mechanical labour measurements. 

They advance the hypothesis that potential changes come about when the 
supply of blood lessens abnormally and they develop this hypothesis further. 

In 1954, MULLFR and LIECIITY gave a description of results obtained with 
an apparatus that was not further described. 

They were able to obtain powerful and characteristic action potentials from 
the abdominal wall during labour contractions, which were recorded as more 
or less regular monophasic or diphasic waves. The strongest potentials were 
observed in the fundus trace, and they also found that the records showed wide 
individual differences, making any assessment very difficult. 

The basic form of electrical activity in the electrohysterogram is the sine 
wave, which indicates that the entire uterine musculature contracts svnehro-
noubh. They frequenth saw this in rapidly progressing deliveries. 

Like LÉVY-SOLAL they also found cases of dystocia, during which powerful 
and painful contractions occurred, and a practically flat trace was seen in the 
electrohysterogram. This, then is an electrohysterogram of the greatest diagnostic 
importance. 

They were unable to determine any constant relation between certain types 
of records and specific abnormalities of uterus activity. In contrast to other 
authors, these writers often found interfering, parasitic potentials in leads from 
the abdominal wall, for which no origin could be found. 

Psychic-emotional factors were also expressed in the electrohysterogram. 
No striking disappearance of action potentials was seen in the intervals 

between contractions, in fact total contrast was often seen between mechanical 
and electrical phenomena, in the sense that during a contraction only weak 
action potentials were recorded, while in the intervals between contractions, high-
voltage and frequent potentials were registered, which, according to the authors, 
might be closely connected with intensive metabolic repair in the period of 
relaxation. 

The authors note in conclusion that interpretation of the records must be 
attempted with much reserve and forethought, but that further study of the 
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action potentials of the uterus promises interesting results in the field of physio

logy and pathophysiology. 

In September 1954 STEER produced a review of his findings in 556 patients, 

from whom he made 655 records by means of the electrohysterograph described 

in 1950. 

This is the same apparatus as the one LÉVY-SOLAL used. STEER placed 3 pairs 

of electrodes at a distance of 6 cm apart , one pair over the left and one over 

the right horn, and one pair over the middle of the fundus uteri. 

STEER found two types of electrical activity during a contraction, a slow 

activity (lasting several seconds at 0.5-5 millivolt) which was, however, not 

constant, and faster activity (1/3-2 cps; 50-1000 microvolt) tha t was always 

present during a contraction. STEER directed his attention towards this more 

rapid activity. He discerned 3 types of electrical activity. 

1. strong = in excess of 500 microvolt; 

2. medium = 200-500 microvolt; 

3. weak = less than 200 microvolt. 

According to STEER there is an association between the clinical course of 

labour and the ampli tude of the electrohysterogram. 

It is impossible to place STEER'S classification in line with LÉVY-SOLAL'S, but 

we had better regard it as a subdivision of LÉVY-SOLAL'S type A. In a normal 

labour STEER found irregular waves with a frequency of 1/5-2 cps and an ampli

tude of 50-500 microvolt, proportional to the clinical strength of the contractions. 

There was also a proportional relationship between the clinical duration of 

the contraction and the duration of electrical activity in the electrohysterogram. 

T h e localization of the electrical activity depends on the time the electro

hysterogram was made. 

In early labour, electrical activity was to be seen in one or two leads, but in 

all three leads in a labour which is progressing well. There was a general but no 

specific relationship between the strength of contractions and the duration of 

labour, so it was not possible to predict how long labour would last for any given 

strength of contraction. 

According to STEER, there were also indications, that the frequency of 

1/2-2 cps is inherent to normal labour and that ampli tude is only of secondary 

importance. 

In 1955, HALLIDAY and H E Y N S subjected 500 electrohysterograms recorded 
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during labour to a statistical analysis to discover whether greater deflections were 
found in the case of strong contractions than in less strong ones ; and also whether 
no action potentials were recorded during inertia due to inactivity of the uterus, 
and further, whether there were any indications for the existence of a 'pace
maker' or for a 'gradient of activity'. 

They produced a classification on the basis of amplitude: 

1. strong = in excess of 600 microv olt ; 

2. medium = 300-600 microvolt; 

3. weak = less than 300 microvolt. 

Multiparae are inclined to show lower action potentials than prirmparae. 
As for the influence of duration of labour on the amplitude of the electro-
hysterogram, they found no correlation between the duration of labour and 
amplitude (cf. STEER'S opinion). Lower amplitudes, however, were said to occur 
usually in the case of prolonged labour. 

Uterine inertia, diagnosed on clinical grounds, does not seem to influence 
the magnitude of the potentials, a fact which STELR abo pointed out. 

Where one finds clinically that as labour progres1 es contractions become 
stronger, this is also expressed in the amplitudes of the action potentials recorded. 

No statistical indications were found for the existence of a 'gradient of 
activity' or for a 'fundal dominance'. 

In 1955 SIENER described his attempts to detect action potentials in the 
non-pregnant uterus of 35 women from 18 to 60 years old. He used an amplifier 
with a very wide frequency range and needles as electrodes. 

Records from the uterus in situ, with one electrode inserted into the posterior 
lip of the cervix, another into the anterior lip and a third into the cervical 
canal, only showed interfering potentials, namely electrocardiogram peaks and 
waves synchronous with pulse and respiration. He was unable to eliminate these 
interfering potentials. 

Records from extirpated uteri (21) showed 3 categories of potential oscil
lations : 

1. small short deflections 

2. waves of medium duration, from 1 to 5 seconds, and 

3. long waves (5-10 seconds). 

These groups would occur individually or in combination, waves of medium 
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duration predominating. Λη extirpated pregnant uterus (6 months) did show 

spontaneous slow waves, but no reaction to oxUocin. A gravid uterus at term 

gave a large potential fluctuation 20 seconds after injection of oxytocin, while 

previously an almost flat trace was recorded. 

Comparing records in vitro and in situ obtained from the same uterus, 

SIENER only found the slow potentials in both records, the faster ones therefore 

probably being interfering potentials. 

A dissertation on the electrical activity of the uterus during pregnancy and 

labour prepared by SUREAU (1955), was published in France in the same year. 

He used an electroencephalograph with direct pen registration. Paperspeed: 

1.5 cm/sec, maximum sensitiviu : 12 microvolt per cm, time constant: 0.7 

seconds. A drawback of this apparatus is that it filters out the slow phenomena 

and only gives an impression of the faster electrical activity. 

Besides electrodes fixed to the abdominal wall, SUREAU also used endouterine 

electrodes in order to gain an impression of the electrical activity of the posterior 

wall of the uterus. 

The electrodes were placed in pairs on the abdominal wall according to a 

fixed scheme, one pair over the right, and one over the left comu, one pair 

over the middle of the fundus, the middle segment and the lower uterine segment. 

The distance apart was 6 cm. 

SUREAU examined 51 primiparae during the initial stages of labour and 17 

women during pregnancy. 

For some reason he did not succeed in obtaining records of electrical activity 

from the abdominal wall during pregnancy. As no elecincal activity could be 

detected between contractions either, it confirmed the relationship between the 

electrical activity found and the actual contractile activity. 

SUREAU was unable to detect any regular electrical activity of the lower 

uterine segment either from cutaneous or endouterine electrodes. In subsequent 

descriptions of his results, he always means corpus activity when he refers to 

electrical activity. 

Like LÉVY-SOLAL, SUREAU found fairly regular sinusoidal waves during 

contractions with an amplitude of 100-500 microvolt and a frequency of 1/3-1 

cps (mostly 1/2 cps). Electrocardiogram peaks were usually superimposed on 

them ( Fig. 1 ). 

An average of 6 waves per contraction was recorded. Electrical activity was 

usually observed 10-15 seconds before the contraction was felt subjectively. 
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Fig. I 

100/JV 1 sec 

Fig. 1. Sine-wave-form activity during a short labour. Simultaneous recording of three 

traces; A from the fundus, В from the middle segment and С from the lower uterine 

segment. Maternal electrocardiograms are superimposed on traces Л and C. (Record 

from SUREAU'S thesis.) 

In the interpretation of the records, it appeared that there was no correlation 

between the duration of electrical activity, the number of waves per contraction, 

the frequency of these waves and the clinical course of labour, but that, as to 

the clinical course of labour, only the amplitude of the waves could be de

pended on. Amplitude tends to vary as labour proceeds. 

SUREAU was unable to produce any reliable record at the commencement of 

dilatation, and he was also unable to determine the transition from pregnancy 

contractions to labour contractions. 

His waves only take on a definitely stable character after about 3 cm dilata

tion, which he therefore took as the commencement of labour. 

He attempted to determine the prognostic value of the electrical activity, 

registered at the beginning of dilatation. 

For this he divided his patients into 3 groups: 

a. Amplitude equal to or greater than 400 microvolt. 11 Patients came 

into this category. They all experienced short labour and needed no therapy 

whatever. These observations agree with those of STEER, who, out of 38 cases 

with amplitudes greater than 500 microvolt, found normal labour all 38 times. 

b. Amplitudes below 400 microvolt (32 patients). 

Some of these were delivered rapidly and spontaneously; but others showed 

slight dystocia, which however reacted favourably to spasmolytics; and finally, 

some showed serious dystocia, which was however controllable in all the cases 
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with oxytocin infusion. A prognostic verdict іь therefore difficult to give in this 

group. 

с No electrical activity found (7 patients). 

Rapid spontaneous delivery occurred to two of the six of these patients, and 

the seventh underwent Caesarean section because of a narrow pelvis. 

So not only шал a multipara with no detectable electrical activity give birth 

smoothly and spontaneousK as LÉVY-SOLAL indicated, but it is also possible in 

Primiparae as well. The remaining 4 patients gave birth spontaneously after an 

oxytocin infusion. His final conclusion consequently is that electrical activity 

at the onset of labour onh has prognostic value for the clinical course in those 

cases where amplitudes in excess of 400 microvolt are found, and that weak or 

absent electrical activity permits of no conclusions. 

SURFAU further examined whether the occurrence of a change in electrical 

wave-form during labour had any prognostic value. 

He found these in 13 out of 51 cases. These changes may be a decrease, a 

complete disappearance of activity, or an increase in amplitude and appearance 

or re-appearance of the activity. One may say that electrical activity with an 

amplitude greater than 400 microvolt rarelv alters during labour. 

Activity with an amplitude less than 400 microvolt, on the other hand, seems 

to be very inconstant, since it can increase or decrease. In 38 out of the 51 

patients, the electrohvsterogram showed no significant changes during labour, 

whatever the clinical circumstances were. 

Rupture of the membranes never had any influence on the electrohystero-

gram, no matter how favourable the clinical activity, and the same held good for 

spasmolytic drugs as well. Even oxytocin infusions produced no changes at all 

in the electrical activity in eleven cases showing excellent clinical activity. 

SURI AU also made comparative studies of electrical activity from various 

places on the abdominal wall. 

Onlv permanent differences during labour were studied, in which attention 

was paid to the occurrence of anv area in the electrohysterogram showing an 

amplitude that predominated over that of neighbouring areas. In 20 out of the 

46 cases such an amplitude-dominance was found, though it may be different 

in aspect. The predominant zone varied from patient to patient and he saw a 

predominating in the middle segment just as often as a 'fundal dominance'. No 

relationship between the existence of such differences and the clinical course of 

labour was established. 

SUREAU saw the largest number of normal labours in cases where the electrical 
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activity was confined to one zone, and, on the other hand, a number of dystocia 
in cases where electrical activity was registered in all leads. 

Predominance of the middle segment or of the middle of the fundus appeared 
to be prognostically favourable to the course of labour, in which a predominance 
of the middle segment appeared to be even more favourable than that of the 
middle of the fundus. 

There seems to be a gradual transition from weak electrical activity to 
localized silence and generalized silence. 

As only the anterior surface of the uterus can be reached by an abdominal 
lead, SURF.AU thought research with intrauterine electrodes might be desirable, 
in order to study the possibility of detecting and recording any electrical activity 
from the posterior wall of the uterus in this way. SUREAU obtained the following 
results from records from intrauterine electrodes. 

The sinusoidal activity found by this method is in general agreement with 
those in leads from the abdominal wall, at least as far as amplitude and frequency 
are concerned. The number of waves and the duration of the electrical activity 
during a contraction occasionally seems larger than in cutaneous leads. When 
intrauterine electrodes arc used, it is, according to SUREAU, very difficult to 
indicate any accurate localization, and it is also impossible to determine whether 
the electrode was continually in contact with the uterine wall. Not the least value 
can be attached to an electrical silence obtained in this way. Further, monopolar 
leads are used here, and they are very difficult to compare with bipolar cutaneous 
traces. The only value this method has is the demonstration of the existence of 
intrauterine electrical activity which is therefore of special importance when no 
electrical activity is to be found in the abdominal leads. In his 6 cases showing 
electrical silence in the cutaneous leads, SUREAU found electrical activity in 4 by 
intrauterine electrodes. 

He therefore concludes that leads from the abdominal wall, as usually 
applied, have their limitations, similar to those found when records are only 
obtained from a certain area of the abdominal wall. 

So the paradox that existed between electrical silence nevertheless accom
panied with normal labour would be now removed, because isolated activity of 
the dorsal wall of the uterus may exist in those cases, apparently capable of 
producing normal contractions and a normal delivery. 

Study of the electrical activity of the uterus has taken on an entirely different 
aspect since 1955. Much attention has been paid to electrophysiology at cellular 
level, and JUNG in particular described his findings in a number of articles. 

34 

http://Surf.au


Meta l electrodes were applied to the uterus of decerebrated cats and lapara-

tomized rats and connected with a differential amplifier plus a two-ray-cathode-

oscillograph (t ime constant 0.5 seconds, film speed 2.5 m m / s e c ) . 

I n non-pregnant virgin cats, irregular contractions, m u c h less t h a n during 

pregnancy, a n d slow wavy fluctuations in potential were observed, as a b o 

described by НАЧАМА a n d others. Like HASAMA, J U N G also found no constant 

correlation between potential fluctuations a n d mechanical activity. 

In gravid cats a scries of spikes was detectable from every part of the uterus 

during a contraction in correspondence with the duration of the contraction. 

(Spike = monopha.sic negativity, 0.1-2 millivolt, lasting 0.2-0.5 seconds). Dur ing 

the relaxation period, J U N G found no variations in potential. A series of spikes 

lasted a shorter period at the commencement of pregnane) than towards the end. 

In uteri on the 8th-10th day post p a r t u m , J U N G obtained the same results 

as from non-pregnant uter i : slow wavy potential fluctuations with no spikes. 

Simultaneous recording of electrical and mechanical phenomena showed 

J U N G that regulation of the strength of contraction of the uterus was carried 

out by the frequency of the tetanic impulses (in the case of weak contractions 

1 cps, in strong ones 8 cps) . Before the acme is reached, the frequency decreases, 

while, at the end of mechanical contraction n o more spikes were present. 

Relaxation therefore occurs passively. 

In addition to increase in frequency, the strength of a contraction is also 

influenced by the n u m b e r of active units that take part in the contraction. T h e 

n u m b e r of fibres that take part in the contraction is expressed by the magni tude 

of the ampli tude. Good synchronization gives high peak potentials, whereas bad 

synchronization a breaking u p into small potentials following each other in rapid 

succession. In his experiments J U N G only very seldom found spikes without 

mechanical activity, and mechanical activity was also rarely seen without de

tectable action potentials. 

H e went fullv into the influence of oestrogenic a n d gestagenic substances on 

action potentials and on impulse formation in the uterus, in which it appeared 

that oestrogenic substances make spontaneous activity increase enormously; 

long-lasting powerful and well-synchronized peak potentials of high frequency 

are produced. T h e whole picture resembles labour contraction activity in the 

pregnant uterus. T h e reaction to oxytocin is also stimulated by oestrogenic 

substances. 

Luteal hormone, on the other hand, produces activity which is almost in

discernible from that of an untreated ovarectomized uterus. If both oestrogens 
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and gestagens are given after ovarectomy, then high potentials are seen next to 
the smaller ones. There is a tendency towards desynchronization, which is even 
more pronounced after administering oxytocin. Luteal hormone therefore acts 
as an antagonist and inhibits the action of follicular hormone in producing uterine 
motility and origination of impulses. 

According to JUNG, follicular hormone would intervene direct in the meta
bolic processes and ion motility, responsible for the electrical qualities of the 
membrane; progesterone, on the other hand, would be an inhibiting agent. 

During his research into conduction and the origins of impulses, JUNG found 
that local potentials were detectable in the pregnant uterus of the rat and cat, 
like the ones BOZLER described for ureter and intestine. These were said to indicate 
autonomous local activity. These local potentials are seen before the commence
ment of a series of peak potentials, but also in the middle of the intervals between 
contractions with no subsequent discharge of impulses. 

A distinction must therefore be made between local potentials and conducted 
impulses. 

Propagation of the impulse was examined with the aid of 2 unipolar electrodes, 
from which it appeared that at a distance of one inch apart, co-ordination of 
the peak potentials was still present without fractionation. This is a direct proof 
of BOZLER'S thesis that conduction of impulses takes place syncytially in the 
smooth musculature. 

When the distance between electrodes was greater, no further co-ordination 
in individual peak potentials was detectable, but ran through the scries as a 
whole. Consequently, a uterine contraction does not take place in different inter-
independent places. 

According to JUNG, each muscle cell actually has the capacity to originate 
impulses autonomously and may thus become the pacemaker. This possibility is 
not a function of the neural connections with the central nervous system. 

A pacemaker, in the sense of an originator of impulses confined to one place, 
as seen in the heart, may be ruled out with certainty as to the uterus. 

A wave may be generated at any place in the uterus. From these experiments, 
however, it appears that the cervical section of the uterus possesses greater 
excitability than the ovarian section, and in addition has a higher liability to 
originate impulses autonomously. 

JUNG carried out further researches into the action of oxytocin on the 
electrical properties of the uterine musculature, with the aid of changes in action 
potentials in relation to the mechanical picture. 
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In small doses, oxytocin produces physiological bursts of impulses, whose 
latent period depends on the concentration of the oxytocic drug. The increase 
in level of the mechanical contraction is determined by an increase in frequency 
of tetanic impulses. 

However, it appears that the increase in tonicity, obtained from larger doses 
of oxytocin and which also persists between contractions, is, like 'tetania uteri', 
not caused by physiological tetanic stimuli, but by some other shortening me
chanism. 

From the point of view of cell physiology, oxytocin brings about a slight 
decrease in resting potential, which acts as a stimulus for an impulse. A small 
dose of oxytocin produces a slight decrease in resting potential to the level of 
optimum excitability, bringing about a rise in contraction frequency. 

A large dose of oxytocin produces strong depolarization with eventual loss 
of all signs of stimulation. Simultaneously with depolarization, a rise in tonus is 
seen. There is a definite relationship between the length of a muscle fibre at rest 
and the resting potential. 

A large dose of oxytocin produces strong depolarization and as a result of the 
association between resting potential and length of fibre, this also produces a rise 
in tonus, which persists into the resting phase between contractions. 

Contraction may thus eventually come about without the discharge of any 
action potentials at all. Tetany of the uterus is thus a classic contracture. 

Oxytocin itself does not generally lead to the origination of impulses, but at 
a certain dosage, a sudden reduction of the resting potential is brought about, 
that is so abrupt as to produce a so called 'conducted impulse', which does not 
remain strictly localized, but spreads over large areas of the uterus. 

In physiological dosage there is already a prolongation of the restoration 
phase of the action potentials, which indicates an inhibiting metabolic action. 

At higher doses, it is expressed by an increase in depression of the normal 
formation of stimuli, and leads in overdosage to decrease in rate of conduction 
and complete disappearance of the tetanic formation of stimuli. 

COREY, MCGAUGHEY and NORMAN THORTON (1957) examined a series of 
40 patients. They placed one neutral electrode below the sacrum, and the other 
one was vaginally brought into contact with the dorso-caudal part of the uterus. 

In addition, they placed electrodes directly on the uterus during Cacsarean 
section and other operations. 

In the non-pregnant uterus they found predominantly monophasic waves 
and no significant differences in the electrohysterogram during the menstrual 
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cycle, while in uteri of patients in the menopause the same sort of electrical 

activity was observed as in young women. They found no constant relationship 

between action potentials and the strength of contraction. 

They did find striking frequency differences during the cycle, being 1/12 cps 

before and after menstruation, but 1/30 cps at the time of ovulation. 

The authors also made a simultaneous record of respiration movements, and 

are convinced that it is impossible to interpret the records correctly unless this is 

done. 

Predominantly biphasic waves were found in the pregnant uterus. Durat ion 

and ampli tude of the potentials were somewhat less during pregnancy than out 

of it. They found no significant differences in frequency during pregnancy 

between fourteen and forty weeks. 

Tn strips of extirpated uteri they found the same waves as in uteri in situ, so 

that the records reproduce real uterine potentials. 

Simultaneous registration of respiration during delivery was not possible, 

since the patients' movements introduced many false traces, so that in the authors ' 

opinion it is impossible to obtain genuine electrohysterograph traces during 

labour. 

In France, GRASSET, P I G E O N and BII.WELS worked on elcctrohysterography, 

and published the findings of their animal experiments and examinations of 

human patients in 1958. 

They used the same appara tus as STEER, LÉVY-SOLAL and SUREAU, namely 

an electroencephalograph with amplifier with variable resistance capacity and 

a sensitivity of 200 microvolt per cm. They placed their electrodes over the comu, 

the middle of the fundus, the middle of the uterus and the lower uterine segment 

and placed a ground electrode on the left thigh. They found three sorts of records: 

1. A sinusoidal wave during contraction and a horizontal line during the 

resting phase, just as SUREAU found. This occurred in the case of satisfactorily 

progressing dilatation. 

2. Λ less typical sinusoidal aspect during the contractions, and an irregular 

trace during the resting phase. Slow and difficult labour occurred in these cases. 

3. A horizontal line both during and between contractions. This type of 

activity was found in the easiest deliveries. 
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In addition, the authors imestigated the influence a spasmolytic cocktail 
might have on the records, and described the influence of the emotions and the 
psycho-prophylactic method on the electrohysterogram. 

They pointed out that in rapid and spontaneous delivery treatment with 
drugs or psycho-prophylaxis tends to make the traces flatter. 

In I960 GRASSET and SAMATI published the results of a comparative research 
into electrical and mechanical activit). 

The experiments were conducted in such a way that it was possible to make 
the following comparisons at the same time: 

1. slow electrical activity 

2. mechanical activit) 

3. fast electrical activity up to 1000 microvolt (as described by STEER and 
LLVY-SOLAL). 

The results obtained by various apparatuses and methods could thus be 
compared. The disappearance of slow waves and the development of rapid 
sinusoidal waves out of the fast activity after spasmohtic drugs with a simul
taneous decrease in tonus was considered to be an expression of the efficacy 
of this therapy. 

KAO ( 1959 ) was struck by the discrepancy existing between the electrical 
findings from the abdominal wall and those directly obtained in situ. He there
fore implanted two electrodes directly into the uterine muscle of a number of 
rabbits, one at the tubal end and one at the vaginal end of the uterus. He made 
subcutaneous tunnels through which wires were pulled, enabling him to make 
records of the spontaneous electrical activity over a long time without any hin
drance. 

The records were made with amplifiers with a time constant of 1 and 2 
seconds. Registration was either carried out via a cathode-ray-oscillograph or by 
pen registration at very slow paper speed. 

KAO was unable to detect any differences between the electrical activity of 
isolated strips and muscle tissue in situ. The most common form of activity in 
these long records consisted of slow irregular waves, with no constant periodicity. 
Amplitude as well as frequency seemed to be influenced by ovarian hormones. 

In oophorectomi/ed animals he found slow waves with long intervals. If these 
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animals were given oestrogen some faster oscillations would then appear with 

frequencies of Ι,'2-І/З cps, and after some time, small action potentials in small 

groups. The slow waves in pregnant animals were usually of a somewhat faster 

type, about equal to those in an oestrogen dominant uterus, but with more va

riable and higher amplitudes. Two or three days before parturition, extensive 

irregular fluctuations commenced, so that virtually no horizontal line was seen 

any longer. 

During parturition, if long bursts of action potentials predominated, relatively 

slow waves would also persist. After delivery he obsened a decrease in number 

and amplitude of action potentials. The action potentials had an amplitude of 

0.3-3 millivolt; the amplitude, like the frequency, varied with the hormonal con

dition. After oophorectomy there were few and only very small action potentials. 

After injection of oestrogen, an increase in action potentials, both quantitative 

and qualitative, comes about. During pregnane) an increase in frequency and 

amplitude of the action potentials was noticeable towards the time of delivery; 

after delivery, decrease again ensued. So oestrogens do not only produce an 

increase in the number of action potential discharges, but also facilitate the 

simultaneous discharge of more myometrium cells. 

KAO found just as many action potentials at the tubal end as at the \'aginal 

end, in contrast to JUNG, who found that the vaginal end was more active. 

From the 20th da\ of pregnancy, the electrical activity consists of irregular 

slow potential fluctuations; yet action potentials are seldom seen at this time. 

These fluctuations in potential still predominate at about the thirtieth dav, 

though sometimes with a slightly highter amplitude. At this time the action 

potentials become higher and more numerous every da\. In most animals, a 

sharp increase in the number of action potentials was obsened within 6 hours 

of labour, owing to the appearance of more frequent and longer lasting bursts 

at this time. The average rate of discharge varied from 3.7 to 55 AP.'min. The 

frequency of the action potentials reached a peak at the time of delivery (Fig. 2). 

Action potentials decreased after parturition, and although short bursts were 

still detectable ten to twelve hours later, they were usually totally absent after two 

or three days. At this period the slow potentials are not so prominent as in the 

antc-partum period, but electrical activity usually exists in the form of small 

fluctuations in potential. 

KAO found no clear indication for a genuine 'pacemaker area', but he did 

find indications that every part of the rmometrium is intrinsically capable of 

spontaneous discharges. 
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Fig. 2 
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Fig. 2. Frequency of action potentials on different ante- and postpartum days in 2 animals. 

T h e increase in discharges at paruirition occurred in both spontaneous (a and b) 

and Pitocin induced (b) deliveries. Note the marked difference between the activities 

in the pregnant and the sterile homs. (From KAO in Amer. J . Physiol.) 

The results of some research carried out in Spain was published in 1959 by 

BONILLA and SALVATIERRA. These workers attempted to use an electroencephalo

graph to obtain action potentials from the abdominal wall in pregnant women 

and women in labour. Needles were stuck into the skin to act as electrodes. 

Records were only successful at complete rest and with the breath held. 

During pregnancy, no electrical activity was detected, nor were BRAXTON-HICKS 

contractions visible in the clectrohysterogram. Injections of oxytocin during 

pregnancy produced no electrical activity. 

Only when labour started and there was more than 2 cm dilatation it was 

possible to record electrical activity and even then only during contractions. 

Deflections of 100-200 microvolt above the iso-electric line were recorded. 

This electrical activity commences before the mechanical activity and also stops 

sooner. The authors found similar activity in all the traces and no indications for 

any 'fundal dominance' (REYNOLDS) or 'triple descendant gradient' (ALVEREZ). 

In I960, LARKS assembled his numerous publications into the book 'Electro-

hysterography'. According to LARKS there is need for an clectrohysterogram with 

41 



one electrical complex for each uterine contraction, so that commencement, angle 

of ascent, duration and other physiological changes can be studied in it. 

LARKS used a LF.EDS-NORTRUP potentiometer, with which slow frequencies 

could be measured, frequencies more than 1 cps being cut out. He also used 

a six-channel OFFNER DC-amplifier system, which was more sensitive to higher 

frequencies. The film paper speed was very slow, a whole contraction taking up 

only a few centimeters. He used solder electrodes 5 mm in diameter and made 

unipolar as well as bipolar recordings. 

Bipolar recordings were made for the most part with the use of longitudinally 

arranged electrodes at 10 cm spacing over the upper part of the uterus. Uni

polar recording, with one exploring electrode on the abdominal wall over the 

uterine fundus and the other electrode on the thigh, was also in use. Electro

cardiogram paste was applied and the electrodes were put on with sticking 

plaster. 

In normal labour. LARKS observed a diphasic wave, followed by a slow wave 

considerably longer in duration. 

Fig. 3 
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Fig. 3. T h e rlortrohystorogram in normal labour. T h e patient's hand switch indicating the 

beginning, duration and end of her labour pain is shown along the lower border. 

T ime calibration is in minutes. (From LARKS in J. Appi. Physiol.) 

The diphasic complex is associated with contraction and the slow wave with 

relaxation and restoration. Pain mostly began before the acme of Ub and had 

gone at the beginning of Uc . 

A very variable picture is seen at the onset of labour, with low amplitudes, 

probably as a result of local activity in the uterus muscle. 
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As labour proceeds, the diphasic and slow complex appears, and the fre
quency of the electrical complexes increases while the intervals become shorter. 
Moreover, one sees the U ^ interval decrease and more peaks appear, while 
slow waves are seen less frequently. 

At the end of dilatation the electrohysterogram shows: 

1. a diphasic -\- slow complex; 

2. a large complex slow wave with fast activity superimposed; 

3. an irregular pattern, with scattered diphasic waves. 

During the second stage of labour many spikes are superimposed upon them, 
while immediately after delh'ery, a substantial drop in electrical activity is 
observed. 

Peak and slow waves were thought to be caused by at least two different 
biological processes. 

LARKS made no distinction between Primiparae and multiparae. 
Comparison of the records from left and right horn in a labour progressing 

well showed two frequency groups on the right side, one slow of high amplitude 
and one fast of lower amplitude, part of which appeared before contraction was 
observed. These waves were mainly monophasic. 

On the left, however, he found diphasic waves of less clear-cut, fast frequency. 
The faster frequencies are seen earlier on the right than on the left, similar to 
the U | , -U c interval; the amplitude of the U b - U c deflection is larger on the 
left than on the right. These differences between left and right horn and their 
repetitive character would seem to indicate the existence of a pacemaker and of a 
conducted wave from a certain focus on the right. 

The agreement between the curve predicted mathematically and the one 
obtained experimentally may suggest the following hypotheses: 

1. The human uterus in developing normal labour behaves electrically as 
a single-chambered organ. 

2. For at least an important part of labour it is under the hegemony of a 
single dominant pacemaker. The presence of partially inhibited or subordinate 
pacemakers is probable. 

3. The wave of excitation from the pacemaker spreads radially in a two 
dimensional sense i.e. it propagates equally in all directions over the surface. 

LARKS devoted a detailed section to a dissertation on the analogy between 
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uterus and heart, which drew particular benefit from the published work of 

VAN DLR K o o i , D U R R E R and VAN D A M , and he provides an explanation for the 

origination of mono- a n d diphasic waves. 

H e also compares the fast activity, found on the right, with the fast activity 

that is found at the sino-auricular node in the heart. H e is thus of the opinion 

that he had demonstrated beyond doubt the presence of a dominant pacemaker 

on the right side. 

Speed of conduction of the wave was said to be about 2 cm/sec. For a 

generalized contraction to occur, three basic requirements must be m e t : 

1. T h e pacemaker(s) must be functional, i.e. they must fire; 

2. Conduction must be possible ; 

3. T h e uterine muscle must be functionally capable of response. 

O n the basis of these conditions LARKS approached the problem of uterine 

inertia and found that inadequate pacemaker functioning is the most frequent 

cause of an inertia, as normal conduction and muscular responsiveness often 

appear to be present. 

In some cases of inertia there was a contractio bigemina uteri, in which 

two contractions appeared at very short intervals, followed by a long pause. 

When this is also occasionally found in the uterus in normal labour, it is of a 

passing nature and may be explained by the occasional functioning of a subor

dinate pacemaker. 

Λη a t tempt was m a d e to gain an electrohysterographic impression of the 

function a n d the mechanism of action of oxytocin. If the electrical activity in 

normal labour is compared with that in labour induced by oxytocin, there is 

great similarity in the electrical activity observed. 

T h e electrical activity is correlated with the rate of administration of the 

oxUocic drug. At opt imum dosage a normal wave form is seen in the elcctro-

hystcrogram. Since the U l l c interval is a measure of rate of conduction of the 

impulse, one sees that oxytocin causes an increase in rate of conduction; the U b c 

interval decreases after administration of oxytocin. 

T h e electrical wave form pattern and the fact that rate of conduction runs 

exactly parallel with rate of administration of oxytocic drugs, indicate that 

oxytocin has a physiological function in labour. 

T h e r e is n o difference in electrohysterogram picture between electrical 

activity generated by natura l a n d by synthetic oxytocin. 
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LARKS devoted a special study to the electrical activity of the uterus during 
pregnancy. He divided pregnant women into two groups, corresponding to the 
electrical activity found. 

1. Inactive = a low level of fast activity and/or no recognizable major 
complexes. 

2. Active = a high level of fast activity and/or the presence of major 
recognizable complexes. (A major complex is a recognizable pattern of a 
diphasic wave or a spike and slow wave group in the millivolt range with a 
duration in minutes. Fast activity = single pulses with a duration in seconds and 
an amplitude less than one millivolt.) 

According to the duration of pregnancy, LARKS divided the pregnant women 
into 3 groups: 

1. In pregnancy of 20 to 30 weeks. Activity was relatively infrequent 

(about 3 0 % ) ; 

2. In pregnancy of 30 to 35 weeks. Activity occurs in about half of the cases; 

3. After the thirty-fifth week of gestation. A high level of electrical activity 
was seen (about 8 5 % ) . 

This increase in electrical activity associated with the progress of pregnancy 
was very clearly indicated by means of regular, successive recordings of the 
same patient during her pregnancy. Groups of fast waves of low amplitude seem 
to be the first signs of activity during pregnancy. The intervals between these 
groups are gradually decreasing and the amplitude begins to increase a little, 
while the occasional slow wave also appears. This activity is usually but not 
always associated with an observable contraction. 

The same development is observed when this activity progresses into the 
activity of labour at the end of pregnancy. Electrically, labour sometimes 
commences as much as 2 to 3 weeks before clinical labour begins, so that there is 
a gradual change in the electrical pattern. The three conditions previously listed 
under the heading of inertia also apply here. It seems that all three factors are 
inhibited in various degrees during pregnancy. It appears that pacemaker activity 
is strongly inhibited. This idea is supported by absence of the high frequency 
pulses in middle pregnancy as well as by the fact that an adequate stimulus does 
occasionally cause a generalized contraction, thus showing conduction and 
response. 
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In late pregnancy, the rise in electrical activity is first of all of the short 
duration pulse type, suggesting that increased pacemaker acthity is the earliest 
sign of the approaching end of gestation. These pulses come in groups, initially 
with long intervals. 

At 37-38 weeks, one sees more major complexes, indicating that propagation 
of the waves begins to take place more often. Initially these complexes are 
irregular and may not always cause generalized contractions, indicating that 
the muscular responsiveness has probably not become completely activated. 

Appearance of regular major complexes, synchronous with contractions, 
indicates that the patient is going into labour or is in labour. 

As to the electrical activity in the puerperium LARKS distinguishes between 
the electrical activity immediately after the birth of the placenta and the electrical 
activity hours or days later. 

Immediately after the birth of the child and the placenta LARKS found a 
typical decrease in electrical activity. The record is just about horizontal. He 
explains this by the coming into contact with each other of the uterine walls, 
producing an enormous reduction in obser\ed potentials. After 24 hours, LARKS 
saw much more electrical activity, which again contrasted with a much quieter 
record on the fourth day post partum. 

At a symposium on the topic of 'Physical Methods of Measurement in 
Obstetrics and Gynaecology' in 1961, SUREAU read a paper on the difficulties 
which might be experienced in the assessment of electrohysterograms. 

Various artefacts, such as movements of the abdominal wall, movements 
of the legs and respiratory excursions may interfere with the measured electrical 
activity of the uterus recorded with the aid of a DC-amplifier system. Never
theless, DC- and AC-amplifier-systems are able to give \aluable recordings. 

SUREAU still believes that there appears to be a relationship between amplitude 
and the clinical course of labour. He found no indications for the existence of 
'fundal dominance' nor for the existence of permanent pacemakers. The im
portance of endo-uterine electrodes is again emphasized, because only in this 
way information on the behaviour of the posterior wall of the uterus can be 
obtained. 

Fairly recently ( 1963 ) MULLER described his experiences in the field of 
electrohysterography. He worked with a modified one-channel electrocardio
graph. As a control group, prominent potential fluctuations were taken from the 
abdominal wall of fourteen men, possibly coming from intestine, bladder and 
stomach. 
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In non-pregnant women (22) very different records were observed, some 

with an electrical activity barely distinguishable from electrohysterograms of 

uteri during labour. No significant difference was found between records made 

at different phases of the menstrual cycle. Λ large number of pregnant women 

in the 28th to 40th weeks of pregnancy were involved in the research. 

Over and over again, electrical activity was obtained from the contraction-

free uterus, which was soft to the touch, but the waves were never in any sense 

characteristic. Many electrohysterograms of pregnant women are indistinguishable 

from those of non-pregnant ones. 

During labour it was possible to detect very powerful action potentials 

from the abdominal wall directly, expressing the physiological activity of the 

uterus. Slow, high-voltage potential fluctuations are without doubt the basic 

pattern of the elcctrohysterogram in normal regular uterine activity. 

During labour the most variable t)pes of records were obtained in one and 

the '•ame woman, in contrast to the findings of STEER, who declared that the form 

of the record was constant in one and the same woman and also that certain 

types of records were specific to each stage of delivery. 

M L I I I R found no association whatsoever between elcctrohysterogram and 

subjective pain sensation during contractions; he sometimes saw electrical rest 

during very powerful contractions, with no progress towards dilatation, and at 

other times strong fluctuations in potential associated with totally painless con

tractions. 

Complete contrast was frequently observed between mechanical and electro-

hysterographical phenomena. During the contraction only slight action potentials 

were registered, with large and frequent deflections during the interval between 

contractions. These could possibly be linked up with intensive metabolic recovery. 

Also in the puerperal stage no uniform records were registered, while no 

relationship at all was found between the subjectively stated intensity of the post

partum contractions and the electrical activity that accompanied them. 

The influence of spasmolytics and oxytocics was examined electrohystero-

graphicalh, as was the influence of rupture of the membranes and of emotion. 

In unco-ordinated hyperactivity of the uterus, the excellent action of spas

molytics was confirmed in the elcctrohysterogram. The question of what the 

characteristic electrohysterographic basis for action of this contraction regulating 

mechanism is, could not be answered. 

After oxytocin infusion, the electrohysterographic trace was often better than 

clinical examination at showing the gradual change of the uterus in primary 
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labour weakness, from total inertia to regular contractile activity, marked by 

regular virtually sine-wave form traces with a frequency of 0.2-2 cps, and an 

amplitude of 2-3 millivolt. 

Rupture of the membranes gave no typical changes clectrohysterographically, 

even though its action was clinically favourable. Emotion, on the other hand, 

produced strong fluctuations in potential in the electrohysterogram. 

In the discussion, MUILER gives an explanation for the possible significance 

of an iso-clcctrical flat trace in the electrohysterogram, namely: 

a. all cells at rest, 

b. all cells stimulated, 

с the stimulation waves swarming out in every direction, as a result of 

which the electrical effects are nil at some distance from the uterus 

(t}pe B, LEVY-SOLAL). 

There were indications for the existence of several pacemakers, all of which 
could be active at the same time. 

Contrasting with the experience of LÉVY-SOLAL and SUREAU, electrical activity 

was also recorded from the lower uterine segment. 

Whereas earlier research-workers usually found little or no electrical activity 

during intervals between contractions, MULLER registered more and stronger 

electrical acti\ ity at this time than during the actual contraction. 

According to this author's experience, electrohysterography is not suitable 

for distinguishing between the various kinds of labour weakness and dystocia 

with any certainty, while at the present state of the art, it could not be recom

mended as a basis for taking therapeutic measures to normalize contraction 

activity during labour. 

In 1963 CSAPO and TAKEDA described the electrical activity of the parturient 

human uterus. By a pressure transducer' within the uterus and electrodes inserted 

into the surface layers of the myometrium, the simultaneous recording of mecha

nical activity of the uterus and electrical activity in different parts of it has been 

accomplished in human patients as well as in the animal experiments earlier 

described. Thus thev made registrations in unanaesthesi/cd patients for hours 

at a stretch. 

The amnion-pressure-trace gives an accurate description of the quantity, 

and, to a high degree, also of the quality of the uterine activity: it also gives 
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information about the resting- and active pressure, the frequency and duration 
of the cyclic activity, while the shape of the trace informs us about the speed 
of propagation together with the synchronism of the activity. Yet this technique 
is insufficient for a prediction of the course of parturition, even in those patients 
who were classified as being clinically normal. Some hundreds of pressure 
recordings ascertained the fact that patients who must be clinically considered 
to be completely normal, make no progress in parturition, which may last for 
hours and even days, in spite of excessive uterine activity, even in those patients 
whose cervix is ripe. 

It is clear that the classical clinical conceptions of prolonged labour, uterine 
inertia and dystocia are highly unsatisfactory and need revising. The authors 
are compelled to conclude that the unpredictability of a normal parturition is 
due to our incomplete knowledge of the functioning of the placenta. 

The localization of the placenta is also supposed to have some influence on 
the origin and course of the activity. 

In 1964 BASS and CALLANTINE published their simultaneous recordings of 
electrical and mechanical uterine activity in unanaesthesized dogs. 

They made use of a Strain-gauge, the electrodes being implanted into the 
surface of the uterus. These electrodes could remain there for months, and in 
this way the authors made many recordings, the conditions varying considerably. 
They made their recordings with an 8-channel Offner recorder, the time-
constant being 0.3 seconds. 

They got the following results: 

1. The electrical activity precedes the mechanical activity. 

2. There is a relation between the frequency and amplitude on the one 
hand, and the quantity of oestrogen hormone administered exogenously 
on the other. 

3. 'Suspending-vehicle' administration produced a dramatic increase in 
electrical and mechanical activity during the first few minutes of infusion. 

4. Contractures and excessive depolarization were seen after oxytocin 
administration. 

LISOVSKAYA (1964) analysed about 2000 electrohysterograms. 
The electrical activity of the uterus in non-pregnant women and in women 

in the first half of pregnancy only consists of 'basal waves'; during the second 
half of pregnancy waves with a similar frequency were seen, but they had 
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greater amplitudes and were superimposed upon large waves with a frequency 
in minutes and an amplitude in millivolts. 

This was thought to point to the entire myometrium being involved in the 
process of stimulating, resulting in the contractile activity of the uterus. 

BRUCHAC and KRYZANOVSKA-KAPI.UNOVA (1964) registered action potentials 
with high frequencies (10-800 cps) in rabbits. Changes in these potentials were 
seen in conjunction with the contraction activity of the uterus. During changes 
in the functional status of the uterus after contraction, changes in spontaneous 
electrical activity of the uterus could be observed after administration of oestrogen 
hormones and after thyreoidectomy. The method of registering fast action po
tentials in the myometrium could, according to the authors, be used for the 
purpose of determining the functional status of the uterus. 

MAC LACHLAN, DANIEL and PAUL ( 1965) have succeeded in recording action 
potentials from human uterine muscle strips. The amplitude and speed of propa
gation of the potentials have been correlated with the mechanical action in non
pregnant and pregnant human myometrial strips. In the pregnant strips, the 
initial action potentials arc recorded immediately before the onset of the con
traction. In the non-pregnant strips the initial potentials are recorded after the 
contraction has begun. Difference between voltages and conduction velocities 
of action potentials has also been found to occur in non-pregnant and pregnant 
rabbit uterine strips. 

Calculations based on the maximum time required for propagation of the 
action potential from either end of the muscle to the electrode indicated that 
the slow conduction velocity could have explained the measured delay in the 
appearance of the action potential following the onset of contraction. 

It is tempting to assume that the difference in the electrical activity in pregnant 
and non-pregnant muscle is due to the great difference in hormone balance 
present. 

In 1965 SUREAU, CiiAViNiÉ and CANNON gave an exposition of the electro-
physiology of the uterus in the light of data given in the literature. They arrived 
at the following conclusions: 

1. The apparatus must possess the following qualifications to be fit for the 
clinical application of electrohysterography : 

direct multi-channel pen registration 
a long time-constant (more than 1 second), 

a large amplification (up to 10 microvolt per mm), 

slow paper speed (1 to 3 mm per sec) . 
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2. The study of 'l'activité électrique élémentaire' teaches us the exact 
importance of the electrical phenomenon in relation to the whole of events 
concerned in muscle contraction: no conduction of excitation without it; it 
indicates the mechanical intensity of the contractions as part of a normal tetanic 
functioning. 

This study provides a means for studying the influence of diverse drugs and 
above all hormones, and in this way it may broach the problem of the spontaneous 
onset of labour. It establishes the following characteristics of normal activity of 
the uterine fibres: 

tetanic functioning, 
syncitial behaviour, 
purely myogenous activity, variable in origin and conduction, independent 

of any permanent structure or influence. 

It reveals the way elementary action potentials behave and seemingly alter 
according to the position and nature of the electrodes. 

3. Study of the regional electrical activity. 
The so-called slow uterine activity does not correspond to an elementary 

activity and may be of artificial origin. The so-called fast or sinusoidal activity 
originates from elementary action potentials ; there is an essential relation between 
its amplitude and the number of action potentials, and therefore between the 
frequency of the potentials and the number of active fibres in the vicinity of the 
electrode. There is a close relation between this fast activity on the one hand, 
and the mechanical tension and the number of action potentials on the other 
within the framework of the normal conduction of tetanic activity. This relation 
accounts for the frequent correspondence between electrical phenomena (ampli
tude, shape of the traces ) and the clinical phenomena ( rate of dilatation ) during 
normal labour. 

The study of the electrical activity does not provide us with further infor
mation either about the condition of the lower uterine segment, or about the 
elasticity of the fibres, or about the power of their contractile mechanism, or 
about their abnormal conditions of excitation or activity. Because the electro-
hysterographic findings are limited in these respects, the actual and practical 
import of this research is also considerably narrowed down. 

On the other hand it provided us with information of considerable interest 
on a physiological level ; it enabled a systematic study of normal uterine activity ; 
it filled a gap in our knowledge by supplying us with a means of research into 
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those parts of the uterus that were neglected by tocodynamometric research. 
This leads to a new and, in our opinion, a more real conception of uterine 
dynamics and the physiologic mechanism of dilatation in human beings. This 
conception contains three essential terms: 

— homogeneity of the upper and middle segment, 

— variability of uterine activity (origin, conduction and extension), 

— importance of the size of the active part of the uterus, and not of its site. 

In future, when more refined methods of research have been discovered, it 
may enable us to classify and diagnose the abnormalities in uterine behaviour 
on an accurate physio-pathological basis. 



CHAPTER 2 

CONCLUDING REVIEW OF THE LITERATURE 

It appears from this study of the literature that the findings as to the 
electrical activity of the uterus are rather divergent, and this is mainly due to 
the various kinds of methodology and apparatus. 

The absence of a clear exposition of the apparatus used is conspicuous in 
almost every author on the subject. One even senses that they used the available 
apparatus rather than construct an apparatus in a purposeful way in order to 
meet the needs of recording the uterine action potentials from the abdominal 
wall, for several investigators (STEER, SUREAU, MÜLLER) made use of apparatuses 
completely unfit for the registration of slow (i.e. slower than 1/6 cps) discharges. 

The first requisite to get clinically applicable results is to conduct researches 
into the nature of the apparatus and its capacity to record action potentials from 
the abdominal wall in daily practice. 

After the development of this apparatus a thorough account should be 
rendered of it and all its sections, because the results can only be judged and 
appreciated in the light of the apparatus used. 

A further striking feature is that only very few authors investigated the 
electrical behaviour of the uterus out of as well as during a generative stage, 
and that, for instance, an accurate subdivision of the records registered during 
pregnancy has nowhere been carried through. 

During action potential registration from the animal uterus in situ by means 
of micro-electrodes, peak-potentials were recorded, but registration from the 
abdominal wall generally yields slower electrical activity with frequencies not 
exceeding 1 cps. Whether this slow activity is indeed the expression of the 
uterine activity as a whole has insufficiently been determined. 

The descriptions of the records as they are given by most investigators 
are very defective. Too frequently they confine themselves to vague statements 
such as much and little, many and few, fast and slow, high-voltage and low-
voltage, without caring to explain what is meant by them in general, or with 
reference to the record under discussion. 
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A summary of the literature referred to teaches us that a successful study 
of the electrical activity of the uterus must meet the following conditions: 

1. An apparatus, adapted to the electrical uterine activity and to the way 
in which this is to be measured, should be developed and constructed 
for this purpose. 

2. A detailed account and description of both the apparatus and the metho
dology should precede the results. 

3. There must be an accurate subdivision of the records, manifesting the 
fact that researches have been conducted into the uterus in all its physio
logical stages and actions. 

4. There should be an accurate description of the records, and, if possible, 
these records should be subjected to an analysis of the frequency spectra 
in connection with amplitude. 

A fruitful comparative study of electrophysiology of the uterus will not be 
possible until these conditions are fulfilled. 
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PART II 

ORIGINAL WORK 





CHAPTER 3 

M A T E R I A L A N D M E T H O D S 

a. Apparatus 

T h e electroencephalographs that were usually used for electrohysterographic 

study, were unsuited for the purpose owing to the short time-constant (usually 

less than 1 second: SUREAU 0.7 s e c , JUNG 0.5 s e c ) . 

T h e following factors should be taken into account for a correct recording 

of uterine action potentials: 

1. T h e frequency of these action potentials. 

2. T h e ampli tude of the phenomenon to be registered. 

3. When leads are taken from the abdominal wall in order to obtain uterine 

action potentials, subsidiary phenomena must be dealt wi th: 

a. action potentials of the abdominal wall musculature. 

b . artefacts caused by movements of the patient. 

с the maternal a n d foetal electrocardiogram may interfere with the 

electrohysterogram. 

Developing the apparatus used by ourselves we started from records obtained 

from the uterus in situ during operations. At first registrations were m a d e with 

a two-channel DC-amplifier with cathode-ray-oscillograph plus film camera, 

later a pen-recording system linear u p to 120 cps was also used. We m a d e bipolar 

registrations. For this purpose isolated needle-electrodes, diameter 0.5 m m with 

a non-isolated tip of 2 m m , were inserted into the musculature of the fundus 

uteri 5 cm apart . 

These records, registered from the uterus in situ, were analysed in accordance 

with the method of LABROUSTE and T O M E Y in order to determine the frequency 

spectrum. This spectrum varied between 0.02 cps and 0.8 cps. 

T h e fact that the slowest frequency observed was about 0.02 cps enabled us 

to pass over t o an AC-amplifier with a time-constant of 8.5 seconds, thus 

decreasing the movement artefacts, though the child's kicking could still be 

registered. 
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The use of filters is neccssan, because a recording without them is completely 
unsuited for registration of the electrohystcrogram from the abdominal wall, as 
will be demonstrated in Fig. 4, Record 198. 

Fig. 4 
FUter 75 c.p ». 

Fig. 4, Record 198. Myomatous uterus as far as 2 fingers above the umbilicus. 
This record is taken from the abdominal wall: the electrodes arc placed according 
to the fixed scheme (Fig. 15, page 65). The upper trace is from the left, the 
lower from the right half of the fundus. For both traces a 75 cps filter is used. 
Some slow waves are seen, but superimposed fast potentials possibly from the 
abdominal wall musculature, predominate. 

The records were analysed in accordance with the method of LABROUSTI· and 
TOMEY. The spectral components are expressed in four times the scale value of 
the trace from which they were obtained. The slow spectrum varied between 
0.02 cps and 0.8 cps. Faster action potentials were observed in the background, 
but these were of a low voltage, even when administration of oxytocic drugs 
and/or electrical stimulation had induced the uterus to contract. Therefore it was 
possible to use a filter of the RC type blocking high frequencies, in order to limit 
the fast background activity. This was the only way to remove the action 
potentials of the abdominal wall musculature from the record. Without their 
removal a good impression of the electrohystcrogram is impossible. This method 
was put into experimental practice step by step with filters of 75 cps, 35 cps, 
15 cps and 0.8 cps respectively. The slow waves of the records pro\'ed to be the 
same with these filters. The following records will illustrate this: 

Fis. 5 Filter 0.8 c.pj^ 

Filter 75 c.p.a. 

s^t 
Fig. 5, Record 206. Uterus with a myoma in the posterior wall. This record 
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was taken from a uterus in situ during operation. Two needle-electrodes were 

inserted into the anterior fundus wall 5 cm apart. One needle-electrode inserted 

above them was grounded. The upper trace was recorded with a 0.8 cps filter, 

the lower with a 75 cps filter. After injecting 5 IU. oxytocin (Orasthin-Baycr) 

into the uterus musculature the uterus contracted visibly. /\t that moment the 

upper trace with the 0.8 cps filter showed the well-known slow pattern, whereas 

the lower trace with a 75 cps filter had the same basic shape with additional 

superimposed fast low-voltage discharges. 

Fig. 6 

Filter 0.8 ср.*. 

Filter 75 c p j . 

Fig. 6, Record 225. Gravida III , 32-33 weeks of pregnancy, aged 26. 

This record was made from the uterus in situ during a primary Caesarean 

section. Two needle-electrodes were inserted into the anterior fundus wall, a 

third needle-electrode was grounded. The upper trace is a record of the 

electrical activity registered with a 0.8 cps filter. The lower trace, however, is 

the same record made with a 75 cps filter. From a comparison of both traces it 

appears that the filter with an upper limit of 0.8 cps does not eliminate any 

predominant slow electrical phenomena. The electrical activity in both traces 

exists in the form of slow waves with a frequency ranging from 0.025 cps to 

0.2 cps. 

Fig. 7 

FUtar 0.B c.p.i. 

Filter 75 c.p.a. 

Fig. 7, Record 220. Primigravida, at term, in labour. Gemini. 

This recording was made direct from the uterus during Caesarean section. 
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Two needle-electrodes were inserted into the centre of the anterior fundus wall, 

5 cm apart. 

At the moment of registration the patient showed a serious primary labour 

weakness, an indication for the Caesarean section. The upper trace was 

recorded with a filter of 0.8 cps, the lower with a 75 cps filter. In both traces 

the same slow waves are seen, with some low-voltage fast potentials superimposed 

on them in the trace made with the 75 cps filter. 

Fig. 8 
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Fig. 8, Record 177. Myomatous uterus in situ during operation. Needle-

electrodes were inserted into the anterior wall of the fundus musculature. The 

electrical activity exists in the form of slow waves with a frequency varying from 

0.025-0.2 cps, with a predominating frequency of 0.025 cps. The amplitude 

varies from 400-600 microvolt. Simultaneous recording of uterine action poten

tials taken from the uterus in situ with a 0.8 cps filter (the upper trace) and 

one with a 75 cps filter (the lower trace) gives almost the same record of the 

slow potentials, as will become clear from analysis. 

Fig. 9 

V / ' ΓΐΦ-μ- 1 1 1 1 
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Fig. 9, Record 176, obtained from the abdominal wall in the same patient 

as Record 177 with a 0.8 cps filter. 

Here the electrical activity also exists in the form of slow waves with a 

frequency range varying from 0.025 to 0.2 cps and an amplitude of 400-600 

microvolt. 

Records 176 and 177 demonstrate: 
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1. the 0.8 cps filter does not give a different record of the slow potentials 

from the one obtained by the 75 cps filter. This is proved by the analysis, 

2. the same slow activity is obtained both with needle-electrodes from the 

uterus in situ during operation and with plate-electrodes from the abdo

minal wall, as is proved by analysis. 

We realized that fast activity was going to be limited and therefore only slow 

potentials could be studied and used a 0.8 cps filter blocking high frequencies in 

all our registrations. The terms slow and faster activity in this study only refer 

to the frequencies ranging from 0.025 to 0.8 cps. This filter was constructed as a 

double Τ filter, with behind it a filter blocking high frequencies by 6 DB per 

octave. The use of this filter did not influence the predominant slow frequencies 

in the electrohvsterogram, but it greatly repressed such superimposed potentials 

as action potentials of the abdominal wall muscle and the maternal and foetal 

electrocardiogram. Fig. 10, Record 1 will illustrate this: 

Fig. 10 

Filter 0.8 c.p.m. 

0.40 
cps 

Fig. 10, Record 1. Primigravida in labour, aged 24. 

In both traces we see the electrical activity from a lead from the left half of 

the fundus, taken from the abdominal wall during a labour contraction. The 

upper trace is made with a filter of 0.8 cps, the lower with a 35 cps filter. 

In both traces the same record is seen, but in the lower trace the maternal 

electrocardiogram is superimposed upon the electrohvsterogram. This maternal 

electrocardiogram is also eliminated by the 0.8 cps filter without altering the 

record of the slow electrical activity of the uterus. 

It appears that all kinds of respiration, varying from deep sighs to superficial 

panting, and from coughing to holding one's breath, have no influence on the 

record registered in this way, and that the electrical activity of the heart is not 

being shown in the record either. Moving the skin in the vicinity of the electrodes 

did not cause any variations in the flat trace, while contractions of the abdominal 

wall musculature did not leave a trace either. This is illustrated in Fig. 11, 

Record 204. 
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Fig. Π 
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Fig. 11, Record 204. Myomatous uterus as far as 4 fingers above the symphysis. 

The upper trace is the representative of respiration. For this end the rubber bag 

of a Riva Rocci Sphygmo-manometer was fitted round the thorax and connected 

with a pressure transducer, which recorded the pressure fluctuations in the rubber 

bag by means of an amplifier and pen-recorder. 

The lower trace is from a lead from the abdominal wall, the electrodes being 

placed just above the symphysis. No electrical activity is demonstrable. It appears 

from these traces that respiration, varying from deep sighing to superficial 

breathing, has no influence on the registration of the electrical activity. 

An illustration of this can also be seen in Fig. 12, Record 184. 

Fig. 12 
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Fig. 12, Record 184. Gravida III, 14-16 weeks of pregnancy, aged 26. 

The upper trace represents the respiration and has a frequency of 0.3 cps. 

The lower trace is a simultaneous recording of the electrical activity from the 

abdominal wall. The electrodes were placed over the fundus uteri. As analysis 

will show, the respiration frequency (0.5 cps) is hardly to be seen in the frequency 

range of the electrical activity. 

Because registration of one part of the uterus does not give sufficient infor

mation about the origin and propagation of the action potentials in the uterus, 

we made our recordings in this study with a three-channel-amplifier apparatus. 
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It is clear that a direct pen-registration is easier in its application than a cathode-
ray-oscillograph with film camera, and therefore we decided to use a system of 
pen-recording, linear up to 120 cps. If desired, two channels could be observed 
on a cathode-ray-oscillograph. 

Fig. 13 

Fig. 13 gives a view of the apparatus we used in our experiments. It is installed 
at the side of the delivery-bed in the delivery-room. The pen-recorder has 
been mounted in front of the apparatus near the doctor's chair, so that he 
could immediately read and comment upon the record. At the back of it there 
is a two-channel-amplifier with a cathode-ray-oscillograph, the findings of 
which could be recorded by a film camera which is mounted upon the apparatus. 

A third channel was added to the apparatus afterwards, and had the same 
qualities as the original 2-channel-amplifier. This third channel was only con
nected with the pen-recorder, the other two channels being connected with the 
pen-recorder and the cathode-ray-oscillograph. The firm AHREND-VAN GOGH 
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constructed an electrohysterograph (Fig. 14) for easy application in the ward, 
in accordance with the apparatus used in our experiments. 

Fig. 14 

Fig. 14, Electrohysterograph, possessing the following qualities: 
Time-constant: 8.5 seconds. 
A filter blocking high frequencies (adjustable if desired): 0.8 cps, 2 cps, 
5 cps and oo (in this case it is limited by the pen-linear system = 120 cps). 
Paperspeed: 5 mm/sec. 
Maximum sensitiveness: 5 microvolt/mm. 

b. Electrodes and Leads 

6 Electrodes were placed on the abdominal wall according to a fixed scheme 
in order to make registrations from the abdominal wall. 
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Fig. 15 : Scheme of placement and 

numerical sequence of the electrodes. 

The electrodes were chlorated silver 

plates, 8 mm in diameter. These were 

stuck to the abdominal wall with col

lodion after the grease had been re

moved from the skin with alcohol and 

a conducting paste had been put 

between the skin and the electrodes. 

The electrodes could conveniently 

remain there for 24 hours. 

Taking leads was always done bipolarly according to such a scheme that we 

always got synchronous recordings from the left and the right half of the fundus 

(1-2 and 2-3) or synchronous recordings from the upper- (2-1 or 2-3), middle-

(1-4 or 3-5) and lower uterine segment (4-5). 

Not having a tocodynamometer at our disposal we palpated the uterus in 

order to determine its hardness, which we wrote down on the record. We were 

also guided by the patient's subjective indication of pain. 

Registration lasted at least half an hour for each patient. 

с Material 

242 Klectrohysterographic recordings were made during this study. 140 Re

cordings were made during pregnancy, of which 96 in primiparae and 44 in 

mulliparae. 58 Recordings were made during labour, 44 in primiparae and 14 

in multiparae. The entire course of labour, lasting many hours even days, was 

registered in 26 patients. During different stages of pregnancy as well as during 

labour electrohysterographic recordings were made from 17 patients, all of 

whom attended the antenatal outdoor clinic or were subjected to a clinical 

observation. This was done to get at a comparison of pregnancy- and labour 

activity. 14 Recordings were made during the puerperium, of which in 11 patients 

electrohysterograms were made both during labour and puerperium to get at a 

comparison of labour- and puerperium activity. 19 Patients with either normal 

or myomatous uterus were subjected to this investigation, of which 6 in situ 

during operation. The remaining 11 electrohysterograms contained records taken 

from patients with e.g. premature separation of the placenta, unsuccessful in

duction of labour etc. 
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CHAPTER 4 

RESULTS OF THE ELECTROHYSTEROGRAPHIC STUDIES 

A. NON-PREGNANT UTERUS 

All our attempts to record action potentiak originated by the non-pregnant 

uterus of normal size, lying completely protected in the small pelvis, by means of 

leads taken from the abdominal wall have unfortunately failed. Even when the 

electrodes were placed immediately above the symphysis pubis, at as short a 

distance from the uterus as possible, the record obtained was practically flat at 

the amplification employed (200 microvolt/cm). In addition, attempts were 

made to obtain traces of action potentials from the abdominal wall in a number 

of myomatous uteri, which extended far above the symphysis. 

It appeared that in 3 out of the 5 patients with an enlarged myomatous 

uterus electrical activity of the uterus and/or myoma could be detected in this 

way. 

Fig. 16 
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Fig. 16, Record 157. Nullipara, aged 39. 

Myomatous uterus as far as the umbilicus. The upper trace is from the left, 

the lower from the right half of the fundus. The electrical activity exists in the 

from of groups of slow waves with a frequency varying from 0.025 cps to 0.25 cps 

and with an amplitude of 400-800 microvolt. After a period of activity lasting 

30-60 seconds on an average, an interval of many minutes was observed with a 

virtually uninterrupted flat trace. 

If only a flat trace was recorded in the myomatous uterus, injections of 

oxytocin caused an increase in electrical activity. This indicates that the potentials 

recorded really do come from the uterus. Another indication for this was that 
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microscopie study of two extirpated uteri, in which no action potentials could 
be detected, revealed one very degenerated myoma and one very fibrosed one. 
In the three uteri, in which electrical activity actually was observed, pathological-
anatomical research indicated a preponderance of muscle tissue with regular 
bundles and little fibrosis. 

The fact that electrical activity really does come from the uterus was con
vincingly demonstrated by records taken in situ durante operatione and by 
records from the abdominal wall after operation. In those patients, in whom 
a well-differentiated electrohysterogram could be recorded from the abdominal 
wall prior to operation, a flat trace was recorded after hysterectomy. 

It was also possible to take a record from the abdominal wall and direct 
from the uterus in situ during operation in the same patient. 

The same slow waves were observed both from the uterus in situ and from 
the abdominal wall, as can be seen from Fig. 17, Record 176 and Fig. 18, 
Record 177. 

Fig. 17 
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Fig. 17, Record 176. II-para, aged 41. 
Myomatous uterus as far as 3 fingers above the symphysis. The electrical 

activity, recorded by means of leads taken from the abdominal wall, exists in the 
form of groups of slow waves with a frequency range varying from 0.025 cps to 
0.2 cps and an amplitude of 400-600 microvolt. 

Fig. 18 

Fig. 18, Record 177, in situ during operation in the same patient as 
Record 176. 

Here the electrical activity also exists in the form of slow waves with a 
frequency varying from 0.025 cps to 0.2 cps, with a predominating frequency 
of 0.025 cps. The amplitude varies from 400-600 microvolt. Simultaneous 
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recording of uterine action potentiaLs taken from the uterus in situ with a 0.8 cps 

filter (the upper trace) and one with a filter of 75 cps (the lower trace) gives 

almost the same record, as will become clear from analysis. 

B. PREGNANT UTERUS 

a. Electrical activity of the uterus in various stages of pregnancy 

Study of electrohysterograms recorded during pregnancies revealed that it 

was not possible to detect action potentials in every uterus during pregnancy, 

or rather, that action potentials could not be detected from the uterus at every 

moment of the pregnancy. Out of the 140 electrohysterograms that were recorded 

during pregnancy 49 gave a clearly differentiated picture, and in 91 cases no 

electrical activity was detectable, or else there were only a few sporadic slow 

electrical discharges observed. On this basis one is inclined to assume that the 

state of little or no electrical slow activity must be regarded as the typical 

physiological state of a normal pregnancy. 

The record of electrical activity during pregnancy shows a highly variable 

picture, differing from uterus to uterus and from place to place in the same 

uterus at any one time, while in addition the records of electrical activity of a 

uterus in the various stages of pregnancy also show a varying picture. But 

electrohysterograms recorded during pregnancy show certain similarities and 

points in common, irrespective of the exact stage of the pregnancy and the place 

the lead is taken from. 

Electrohysterograms are reproduced in which clear regular electrical activity 

can be seen. Λ record representative of each fortnightly period of the pregnancy 

from the fourteenth to the sixteenth week onwards is figured and described. 

Fig. 19 
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Fig. 19, Record 184. Gravida III , 14-16 weeks of pregnancy, aged 26. 

The upper trace is a record of the respiration, which, as will appear from 
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the analysis *, has no effect on the record of the action potentials, for the fre
quency of respiration, fluctuating about 0.5 cps does hardly appear in the histo
gram of the electrical activity. 

The lower trace is a lead from the fundus uteri ; the predominant frequencies 
are in the range 0.025 to 0.05 cps. 

The background carries a hint of the frequencies 0.25, 0.50 and 0.60 cps. 
However, these constitute no more than 10% of the predominant frequencies. 
The amplitude of the record is very variable and amounts to a maximum of 800 
microvolt. 

Fig. 20 
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Fig. 20, Record 187. Primigravida, 16-18 weeks of pregnancy, aged 32. 
The predominant frequency in this electrohysterogram lies in the area of 

0.025 cps. Faster frequencies of 0.5 and 0.6 cps can only just be seen in the 
background. The amplitude amounts to a maximum of 2000 microvolt. 

Fis. 21 

Fig. 21, Record 58. Primigravida, 18-20 weeks of pregnancy, aged 22. 
This record is distinguished by its good differentiation, with a pronounced 

predominant frequency of 0.10 cps. In the background the frequencies 0.025, 
0.05, 0.15, 0.20 and 0.25 cps can still be observed clearly. The amplitude 
amounts to a maximum of 1000 microvolt. 

The upper trace is a record of the electrical activity of the left half of the 
fundus and the lower trace of the right half. These two traces are practically 
each other's reflected image. This will be gone into further at a later stage. 
(See Chapter 4 B-b, page 81). 

* The spectral components are expressed in four times the scale value of the trace from 
which they were obtained. 
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Fig. 22 
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Fig. 22, Record 208. Gravida II, 20-22 weeks of pregnancy, aged 30. 

The electrical activity of the left half of the fundus (lead 1-2) is characterized 

by a predominant frequency of 0.05 cps, which is, however, much more 

pronounced than that of the right half of the fundus (lead 2-3), which is also 

about 0.05 cps; the maximum amplitude amounts to 2400 microvolt. Both the 

traces and the histogram indicate that the right and the left halves of the uterus 

do not discharge symmetrically. 

Fig. 23 
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Fig. 23, Record 193. Primigravida, 22-24 weeks of pregnancy, aged 24. 

This electrohysterogram is poorly differentiated; no dominant frequency 

can be distinguished. The activity of the left and right halves of the uterus is 

practically identical. 

Fig. 24 

Fig. 24, Record 51. Gravida II, 24-26 weeks of pregnancy, aged 27 
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This record is well differentiated; the predominant frequency is 0.10 cps, 
with 0.25 cps and 0.025 cps and 0.05 cps in the background. The electrical 
activity of the left and right halves of the uterus is practically the same. The 
.implitude is sometimes in excess of 1200 microvolt, blocking the recording pens. 

Fig 25 
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Fig. 25. Record 99. Gravida II, 26-28 weeks of pregnancy, aged 20. 
This record has a lively aspect. This patient was admitted with pyelitis of 

pregnancy and a high temperature, and showed hypercontractility of the uterus. 
Lead 2-3 is the electrical activity of the right half of the fundus, lead 5-4 that 
of the lower uterine segment. From the analysis it appears that the lower uterine 
segment is electrically active here as well, and has a predominant frequency of 
0.20 cps. The activity of the fundus has a predominant frequency of 0.025 cps. 

The idea that this electrical activity does indeed originate from the lower 
uterine segment is supported by the differing frequency spectra. 

Fig. 26 

Fig. 26, Record 60. Primigravida, 28-30 weeks of pregnancy, aged 20. 
Lead 2-1 from the left part of the fundus and lead 1-4 from the left middle 

segment do not show a pronounced predominant frequency. The frequencies 
0.025 and 0.15 cps occur practically equally divided. Lead 4-5 from the lower 
uterine segment shows a predominant frequency of 0.05 cps. 
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Fig. 27 

Fig. 27, Record 102. Gravida II, 30-32 weeks of pregnancy, aged 20. 
The predominant frequency in lead 4-5 from the lower uterine segment is 

0.025 cps, with background activity of 0.05-0.25 cps, corresponding with the 
activity of the left half of the fundus (lead 1-2). The amplitude amounts to a 
maximum of 2400 microvolt. The record is well-differentiated. 

Fig. 28 

Fig. 28, Record 169. Primigravida, 32-34 weeks of pregnancy, aged 21. 
This record reproduces the electrical activity during a subjectively and 

objectively observable contraction. During pregnancy contractions differentiation 
and amplitude increase in relation to the intervals. 

Lead 2-1 from the left half of the fundus shows a predominant frequency 
of 0.10 cps with a well-differentiated spectrum in the background. Lead 1-4 
from the left middle segment shows a predominant frequency of 0.025 cps. 
In lead 4-5 from the lower uterine segment the frequencies 0.25 and 0.20 cps 
come into prominence. 

The traces all differ from each other, as will appear from the analysis. The 
lower uterine segment gives a less active trace than the fundus and middle 
segment. The amplitude of the record may rise to 2000 microvolt. 
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Fig. 29, Record 106. Gravida II, 34-36 weeks of pregnancy, aged 20. 

This electrohysterogram of the same patient as Figs. 25 and 27 (Record 99 

and 102) shows the electrical activity during a pregnancy contraction. 

The uppermost trace is a simultaneours record of respiration. Lead 1-2 was 

taken from the left half of the fundus uteri and lead 2-3 from the right. The 

predominant frequency of the left half of the fundus is 0.20 cps, and that of 

the right half 0.025 cps. 

Fig. 30 

Fig. 30, Record 5. Gravida II, 36-38 weeks of pregnancy, aged 27. 

Lead 1-2 was taken from the left half of the fundus, and lead 2-3 from 

the right. This activity was recorded during a pregnancy contraction. The left 

half of the fundus shows a predominant frequency of 0.20 cps. The right half 

of 0.05 and 0.025 cps. The amplitude reaches a maximum of 2000 microvolt. 

Fig. 31 
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Fig. 31, Record 136. Primigravida, 38-40 weeks of pregnancy, aged 22. 
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The electrical activity during a pregnancy contraction, three days before 

delivery. 

Lead 2-1 is from the left half of the fundus, with a predominant frequency 

of 0.025 cps. Lead 1-4 from the left middle segment has a predominant frequency 

of 0.05 cps. Lead 4-5 is from the lower uterine segment with a predominant 

frequency of 0.05 cps. 

The electrical activity shows a different aspect in each trace. The amplitude 

varies from 300 to 1600 microvolt. 

If no electrical activity was detectable for 30 minutes or longer, the record 

was described as 'electrical activity not demonstrable'. If a mainly flat trace 

was found in all the leads for 30 minutes, with only an occasional wave, the 

record was described as 'little electrical activity'. 

Little electrical activity or none was observed in 91 out of the 140 elcctro-

hysterograms taken during pregnancy ( 6 5 % ) . In 49 clear, regular electrical 

activity was observed ( 3 5 % ) . This activity was in the form of slow waves with 

frequencies varying from 0.025 cps to 0.25 cps and the amplitude varied from 

300 to 2400 microvolt. These waves were sometimes seen to last 30 minutes 

without interruption, but mostly came in groups. In the second half of pregnancy 

these slow waves are usually associated with a subjectively observable and/or 

objectively palpable contraction of the uterus. One should, however, note that, 

although it was possible to detect electrical activity simultaneously with every 

contraction, there was not always any noticeable contraction at the time of 

registration of electrical activity. 

The electrical discharges usually came some 20 to 30 seconds before the pal

pable contraction, and lasted for 20 seconds longer. Between uterine contractions, 

the record of electrical activity is predominantly flat with irregular slow waves 

every now and again. 

Parity appears to have no qualitative or quantitative influence on the 

electrical pattern during pregnancy. 

Simultaneous registration of respiration proved that it has no influence on 

the electrical activity recorded. (Fig. 19, Record 184 and Fig. 29, Record 106). 

Λ record was made from the uterus in situ during a Caesarean section in 

order to avoid the elimination of essential electrical activity by the 0.8 cps 

filter used. It was done on a gravida III , in whom a primary Caesarean section 

was carried out in the 33rd week of pregnancy because of pre-eclampsia. 
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Fig. 32 
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Fig. 32, Record 225. Gravida III, 32-33 weeks of pregnancy, aged 26. 
Three needle-electrodes were inserted into the middle part of the fundus, 

5 cm apart. 
The upper trace is a record of the electrical activity registered with a filter 

of 0.8 cps. The lower trace, however, is the same record with a blocking filter 
of 75 cps. It appears that the filter with an upper limit of 0.8 cps eliminates no 
essential slow electrical phenomena. The electrical activity of the pregnant uterus 
in situ also exists in the form of slow waves with a frequency of 0.025 cps to 
0.2 cps. 

If the electrical activity of a non-pregnant uterus (Fig. 16, Record 157, 
page 66) is compared with the electrical activity of a pregnant uterus, certain 
similarities become obvious. Slow waves with almost identical frequencies are 
found in both cases, although it must be noted that electrohysterograms during 
pregnancy are higher in voltage and better differentiated. This slow electrical 
activity, which is detectable whether the subject is pregnant or not, — and 
which is met with further during labour and the puerperium — may be termed 
the 'basal', 'organ-typical' or 'characteristic' electrical activity of the human 
uterus. 

D i s c u s s i o n 

It is surprising that clear-cut electrical activity could only be detected in 
3 5 % of the electrohysterograms during pregnancy. 

One might with reason ask oneself why it should be possible to detect electrical 
activity in one uterus, but not in another in identical circumstances. And why 
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should a uterus show electrical activity at one given moment in pregnancy, and 
yet show a more or less entirely flat record a few weeks later in the same circum
stances? Is there indeed any connection between the duration of pregnancy and 
the electrical activity of the uterus? 

In order to examine this, all records were arranged according to duration 
of pregnancy. The stage of pregnancy was based on the duration of amenorrhoea 
and the size of the uterus, and, if possible, these were combined with a retro
spective calculation from the date of delivery. 

In addition, the records were classified in accordance with presence or 
absence of any electrical activity, into positive or negative electrohysterograms. 

By a 'positive' clcctrohysterogram we meant one showing clearly demon
strable electrical activity, which always shows a frequency of 0.025 to 0.25 cps 
independent of the stage of pregnancy and/or parity. 

Set out in tabular form we get: 

Duration of pregnancy 

12-14 weeks 
14-16 weeks 
16-18 weeks 
18-20 weeks 
20-22 weeks 
22-24 weeks 
24-26 weeks 
26-28 weeks 
28-30 weeks 
30-32 weeks 
32-34 weeks 
34-36 weeks 
36-38 weeks 
38-40 weeks 
40-42 weeks 
more than 42 weeks 

No activity 

4 
1 
3 
2 
4 
4 

1 
2 
4 
4 
6 

13 
13 
22 

1 
7 

Activity 

0 
3 
1 
3 

1 
0 
4 
3 
1 
4 
4 
4 
5 

12 
4 
0 

Total 

4 
4 
4 
5 
5 
4 
5 
5 
5 
8 

10 
17 
18 
34 

5 
7 
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Fig. 33. Diagram of electrical activity during the various stages of pregnancy. 

This diagram looks fitful. Even though the numbers in each period of 

pregnancy are too low for any definite conclusions to be drawn, the curve still 

gives a certain idea. 

Firstly, it appears that there is no constant and continual increase in slow 

electrical activity as pregnancy progresses, as earlier workers assumed (LARKS 

1958). 

The fact that all the records turned out to be negative in a 12-14 week 

pregnancy might be explained by the fact that the uterus is at that time still too 

small to provide any record of its electrical activity from the abdominal wall. 

The large number of positive records in the 40-42 week period seems to be 

evident, since a large proportion of patients go into labour at this period. 

It is very interesting that after the 42nd week of pregnancy, in the state of clinical 

serotinity or prolonged gestation, all the records turned out to be negative. 

A connection between duration of pregnancy and the electrical activity of the 

uterus recorded seems therefore to be excluded. 

The question therefore remains why the uterus is electrically active at a 

certain moment during pregnancy, whereas little or no electrical activity is 

detectable a few weeks later. 

It is striking that about 70% of the records show no or little electrical activity 

in a pregnancy of 34-40 weeks, at which time the greatest proportion of the 

records were made. (69) 

ι 
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It was particularly noticeable that women who were regularly followed 
electrohysterographically throughout their pregnancy, and in whom a positive 
electrohysterogram was observed until about the 28th or 30th week, usually 
showed a negative electrohysterogram after the 34th week, but had clear slow 
electrical activity by the time of parturition. 

The fact that such a large number of negative electrohysterograms was 
obtained in the 34th to the 40th week could possibly be due to the raised 
progesterone level in the blood at this time, taking pregnancdiol excretion as 
some sort of measure, as would appear from the curve of Rawlings and Krieger 
(1959) (Fig. 34). 

Fig. 34 mgs. Pregnandiol /24 hours 

60 

20 30 40 
weeks P r e g n a n t 

We therefore injected 40 mg of progesterone ( Progestine-Organon ) deeply 
intramuscularly into 5 patients during registration, when the electrohysterogram 
showed a lively aspect. The effects of the injections were followed electrohystero
graphically, and the results were always identical. 

After 15-20 minutes the electrical activity decreases, the number of waves 
decreases and the amplitudes become lower. The potentials take on a pronounced 

78 



local character; the potentials from the lower uterine segment disappear first, 

then those from the middle segment, and the fundus activity persists longest. 

However, after an hour a flat trace is recorded in all the leads. 

As examples of this see Figures 35, 36 and 37, Record 161 a, b and с 

Record 161. Primigravida, 36 weeks of pregnancy, aged 27. 

Fig. 35 
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Fig. 35, Record 161a. Before administration of progesterone. 

Lead 4-5 is from the lower uterine segment and lead 2-1 from the left half 

of the fundus, 1-4 from the left middle segment. 

The electrohysterogram shows a very lively aspect. As appears from the 

analysis, the lower uterine segment shows a predominant frequency of 0.05 cps, 

and the fundus a predominant frequency in the region of 0.025 cps, with some 

faster frequencies in the background at the same time. The amplitude varies 

from 300 to 1500 microvolt. 

Fig 36 

Fig. 36, Record 161b. 20 minutes after administration of progesterone. 

Lead 4-5 from the lower uterine segment still only shows very little electrical 

activity, with a frequency of 0.05-0.10 cps. Lead 1-2 from the left half of the 

fundus, shows clear electrical activity with a predominant frequency of 0.05 cps. 

The electrical activity in lead 1-4 from the left middle segment, where some 
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slow activity is still observed, is much lower. It also appears clearly that the 

electrical activity disappears first from the lower uterine segment and then from 

the middle segment. The electrical activity of the fundus persists longest and is 

most pronounced. 

Fig. 37 
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Fig. 37, Record 161c. One hour after administration of progesterone. 

One now finds a practically flat trace in all the leads, as appears from analysis. 

The above records are a good demonstration of the fact that progesterone 

has an inhibiting influence on the electrical activity of the uterus during preg

nancy. 

In addition, 13 electrohysterograms were made in patients who were treated 

with a progesterone-depot preparation (Proluton-Schering * 125 mg weekly) at 

various stages in their pregnancies. 

No demonstrable electrical activity was observed here in 11 cases, but in two 

cases small electrical activity was observed. For the sake of completeness it ought 

to be mentioned that 5 out of these 13 patients fell within the 34-40 weeks period, 

during which time 70% of the patients also showed little or no spontaneous 

electrical activity in the electrohysterogram. 

On the basis of these experiences it is therefore permissible to assume that 

the presence or absence of registrable electrical activity in pregnancy depends on 

the progesterone level in the blood. 

From the experiments of Short (I960), who examined the rate at which 

progesterone disappeared from the serum after removal of the placenta, it appears 

that the hormone circulating in the blood functions only for a short time. There

fore we may assume that the progesterone level is subject to rapidly varying 

fluctuations during pregnancy. 

One also finds widely varying values given both for determination of the 

* Proluton (Schering) = hydroxyprogesterone-capronate. 
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blood progesterone level and for determination of urine pregnanediol at the 
various stages of pregnancy. 

The varying aspect of the electrical activity of the uterus in pregnancy, during 
which, however, little or no electrical activity most frequently occurs, is possibly 
explained by this, and electrohysterography may offer a simple and rapid method 
of gaining an impression of the progesterone level in the blood during pregnancy. 

Unfortunately we were unable to record electrohysterograms and get simul
taneous progesterone and pregnanediol determinations, which might have given 
the proof we needed. 

b. Focal electrical activity in the pregnant uterus 

In electrohysterograms recorded during pregnancy (Figs. 21 and 24), we 
repeatedly find that traces taken from various parts of the uterus, arc mirror-
images of each other. The peaks of the discharges are then in phase opposition. 
This means, on the analogy of electroencephalography, that the activity 
must originate from the electrode common to both traces. In order to determine 
this phase opposition, the electrodes were placed on the abdominal wall 
according to a fixed scheme ( Fig. 42 ) and in bipolar traces a common electrode 
was always used in 2 channels (for 3-channel registration 2 common electrodes 
were used). 

The significance of phase opposition will become clear from the following, 

more detailed illustration. 

Assuming that the abdominal wall, as a conducting medium, has a uniform 

impedance, then the fall in potential will be proportional to the distance from 

its source. 

Fig. 38 volt» 

Fig. 38 (figures adapted from HILL and PARR: Electroencephalography) 
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shows a line with 4 equidistant electrodes (1-2-3-4) with a positive potential 

peak, which has its origin at x. 

1 is negative with regard to 2, resulting in an upward deflection of trace I. 

2 is positive with regard to 3, though the potential difference is smaller than 

between 1 and 2. The deflection of trace II is, therefore, downward and smaller 

than in trace I. 3 is positive with regard to 4, resulting in a downward deflection 

in trace III , and of the same amplitude as in trace I. 

Fig. 39 volts 

Fig. 39. If the potential peak χ lies precisely half way between 2 and 3 

then 2 and 3 are equipotential with respect to χ and no deflection comes into 

being in trace II . 

The deflections in trace I and III are equal but each other's opposite. 

Ρις. tO 

Fig. 40. If χ coincides with 2, then the deflections in the three traces point 

to the same direction as in Fig. 38, but the amplitudes are the same throughout. 
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Fig. 41 represents a positive peak χ, surrounded by concentric equipotential 

lines. 

2 is equally positive with regard to 1 and 3, and the resultant deflections 

will be equal and opposite. 

Similarly 4 is equally positive with regard to 3 and 5, with the same results. 

So each clear phase opposition of the traces is thus an indication for the 

existence of an active focus in the part covered by the common electrode. 

During uterine contractions, the electrical activity is supposed to originate 

from some such active focus (JUNG 1956, LARKS 1957, KAO 1959). We speak 

of a 'pacemaker'. 

At some moment in each electrohysterogram phase opposition is actually 

demonstrable from each point at which the common electrode is placed. At 

certain places such phase opposition often persists for quite a time e.g. 20 minutes, 

and sometimes for only a short time e.g. half a minute. At times, however, this 

phase opposition is very fleeting, and shifts rapidly to another location. Then 

there is a gradual passing from mirror-imaged waves into an entirely different 

wave pattern. 

No clear predominance of phase opposition in the left or right half of the 

uterus was observable, nor any domination of the fundus over the middle segment 

and it was possible to demonstrate regular phase opposition at the level of the 

lower uterine segment too. 

The more highly differentiated the electrohysterogram was, the more places 

this phase opposition could be seen in. 

Progesterone, which causes the electrical activity to tend to decrease or 

disappear, also leads to a decrease in the number of places at which phase 

opposition can be detected. The potentials also develop a pronounced 'local' 

character, indicating that progesterone has an inhibiting influence on the for

mation and conduction of impulses. 
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It is not sufficient for the waves to be in opposition and of equal amplitude 

for the accurate localization of an active focus or 'pacemaker' to be made, this 

phase opposition must also be demonstrable in two directions perpendicular to 

each other, with one common electrode for the traces in both directions. 

In order to demonstrate this, we fixed a large number of electrodes (15) 

to the abdominal wall of four patients, according to the scheme illustrated. 

The distance between the electrodes was 5 cm in each case. 

Fig. 42 

Fig. 42. Scheme of placement and numerical sequence of the electrodes. 

Record 109, gravida II, 38 weeks of pregnancy, aged 20. 4 Records from 

the same patient are given as examples. They were recorded in the manner 

described above. 

Ρις. 43 

Fig. 43. The upper trace represents lead 5-6, the lower 6-7. The traces are 

practically mirror-images of each other, indicating the existence of a pacemaker 

at the site of electrode 6. 

Fie 44 
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Fig. 44. The upper trace represents lead 2-6, the lower 6-11. So they are 

perpendicular to the direction of the traces in Fig. 43. 
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The waves are equal and opposite in these directions too, indicating that 

there must be a pacemaker in the centre of the middle segment at the site of 

electrode 6. 

Fig. 45 

Fig. 45. The upper trace represents lead 10-11, the lower 11-12. The traces 

indicate good phase opposition at the site of electrode 11 with horizontal leads. 

Fis. 46 

Fig. 46. The upper trace is lead 6-11, the lower 11-15. Phase opposition is 

also demonstrable when leads are sited vertically. So here we see a focus at the 

site of electrode 11. 

It appears from these experiments that no constant localization of one pace

maker is demonstrable, but it changes its place and may occur anywhere in the 

uterus. 

Whether or not more 'pacemakers' exist in various places at the same time 

could not be proved with this type of 3-channeI registration. Indications were, 

however, found in this direction. 

Records from the abdominal wall thus confirmed the results obtained by 

JUNG (1956) and KAO (1959) by leads in situ in animal experiments i.e. that 

any part of the uterine musculature may become a 'pacemaker'. 

С LABOUR 

a. Electrical activity during a labour contraction compared with 

electrical activity during a pregnancy contraction 

In order to gain an impression of the differences between pregnancy activity 

and labour activity, electrohysterography was carried out on 17 patients in 

various stages of pregnancy, and afterwards during childbirth. 
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The electrical activity during a painless contraction of pregnancy occurring 

towards the end of pregnancy, as seen in three women, will first be described. 

After that follows a description of a contraction during the first stage of labour 

in the same patients. Λ record obtained during a very rapid and easy delivery 

is discussed in conclusion. 

Fig. 47 

Fig. 47, Record 4. Gravida II, 36-38 weeks of pregnancy, aged 27. 

The upper trace is from the left half of the fundus and the lower from the 

right. There is a great majority of slow waves with a predominant frequency 

of 0.1 cps. 

Fio. 48 
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Fig. 48, Record 8b. 

This record of the same patient as record 4 (Fig. 47), shows the electrical 

activity during a contraction in the first stage of labour. 

The upper trace is from the left half of the fundus, and the lower trace from 

the right. The electrical aspect is totally different from record 4. Slow waves 

arc less conspicuous now. The clectrohysterogram is also characterized by faster 

waves, which, as appears from analysis, show a predominant frequency of 0.5 cps. 

The amplitude varies from 50 to 250 microvolt. These faster potentials are also 

superimposed on the slow ones. This electrical activity lasted for one minute. 

About 8 seconds before the patient indicates pain subjectively these faster waves 

appear in the clectrohysterogram, and remain demonstrable for about 8 seconds 

after the disappearance of the pain. 

In the intervals before and after this contraction, the record was virtually 
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flat with an occasional low-voltage slow wave. Such electrical activity may be 
regarded as being characteristic of a favourable progress of the second phase 
of dilatation. 

Fig. 49, Record 79. Primigravida, 38 weeks of pregnancy, aged 27. 
The uppermost trace (2-1) is the electrical activity of the left half of the 

fundus 1-4 of the left-middle segment, and 4-5 of the lower uterine segment. 
The slow waves have a predominant frequency of 0.1 cps in all the leads. 
Record and analysis confirm electrohysterographically the existence of a 

'descendant gradient of activity' and of a 'fundal dominance'. 

Fig. 50 
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Fig. 50, Record 81e. 
Record of the same patient as Fig. 49, but now in labour. The leads are the 

same as those in Fig. 49. 
Next to and superimposed on well-differentiated slow waves we see more 

faster activity in the traces from fundus and middle segment. The faster activity 
from the fundus shows a predominant frequency of 0.45 cps, from the middle 
segment of 0.6 cps. The amplitude of the faster activity is from 300 to 600 
microvolt. The trace from the lower uterine segment only shows slow waves. 

The record also demonstrates a 'descendant gradient of activity' and 'fundal 
dominance' of the electrical activity in labour. 
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Fig. 51 

Fig. 51, Record 46. Primigravida, 35-36 weeks of pregnancy, aged 19. 
In this record we see the electrical activity recorded during a contraction 

in a woman 35-36 weeks pregnant. 
The upper trace is taken from the left half and the lower from the right 

half of the fundus. The electrohysterogram is well-differentiated. The predo
minant frequency of the electrical activity of the left half of the fundus appears 
to be 0.10 cps and of the right half of the fundus 0.025 cps. Amplitude reaches 
a maximum of 1000 microvolt. Some faster activity is present in the background 
at the same time. 

Fig. 52 

Fig. 52, Record 50. 
This record shows electrical activity during a labour contraction in the same 

patient as seen in record 46 ( Fig. 51). Electrical variations may already be seen 
in the electrohysterogram about 12 seconds before the patient indicates pain, 
and these last for about ten seconds after disappearance of the pain. 

Analysis indicates that faster frequencies tend to predominate, with a predo
minating frequency of 0.45 cps. In addition, slow electrical activity remains 
visible, at a frequency of 0.025 cps to 0.25 cps. 

The electrical activity from the lower uterine segment (lead 4-5) is in the 
faster frequency group less pronounced than those from the left and right halves 
of the fundus (lead 1-2 and 2-3). These faster action potentials are seen first 
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and most pronouncedly in the fundus traces. This labour contraction lasted 
for about a minute. At the moment figured, dilatation had reached 4 cm. 

We also show a record from the group in which electrohysterograms were 
registered during labour only. 

Fis. 53 

Fig. 53, Record 40. Primigravida in labour, aged 25. 
Record of electrical activity during a contraction in the first stage of labour. 

In one hour this patient's dilatation progressed from 3 to 10 cm. During con
tractions in that hour the electrohysterogram always showed a record as re
produced above. There was quite a bit of slow activity during the intervals 
between contractions. 

The upper trace shows the electrical activity in the left half of the fundus, 
and the lower in the right. The right half of the fundus shows a more highly 
differentiated electrohysterogram than the left. As can be seen from the histo
gram, slow and faster frequencies are mixed. These faster waves appear about 
4 seconds before the sensation of pain, at an amplitude of 200-400 microvolt. 
At the moment of maximum pain and palpable hardness of the uterus these 
waves subside into an almost flat trace. After the sensation of pain, slow activity 
is again observed. 

D i s c u s s i o n 

The uterine electrical activity during labour contractions in a number of 
patients — or even in the same patient — has no constant uniform aspect, 
which, on the ground of clinical observations, should not be expected. HENDRICKS, 
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EsKES and SAAMELI (1962), who made a careful study of the activity of the 

uterus during labour and the puerperium by means of intrauterine pressure 

recordings, wrote on this topic: 'Every uterus appears to express a certain amount 

of individuality in its contraction pattern.' 

Yet the electrical activity during a labour contraction is clearly and unmis

takably different from that during a pregnancy contraction, where slow waves 

(0.025-0.25 cps) predominate. 

Faster action potentials with a frequency of about 0.45-0.60 cps and an 

amplitude of 50-500 microvolt are typical of labour activity. These can usuallv 

be recorded throughout the whole labour contraction. This activity becomes 

demonstrable some 10 seconds before the appearance of the sensation of pain, 

while faster activity may still be seen for some seconds after the disappearance 

of the pain. Irregular slow electrical activity does, however, remain demonstrable 

during a contraction as well, indistinguishable from the activity of pregnancy. 

This slow activity is sometimes very pronounced during and between contrac

tions, while the faster action potentials remain in the background. 

To sum up, we may sa) that the slow electrical activity, also seen in preg

nancy and in the myomatous uterus, remains in existence during and between 

labour contractions, but with faster wa\cs superimposed on it during a con

traction. 

b. Electrical activity during a contraction in relation to mechanical 

phenomena 

It proved impossible to make any exact objective mechanical tocodynamo

metry simultaneous!) with the electrohvsterographic recordings. There is no doubt 

that it is important to correlate elcctrohysterography with external tocodynamo

metry (REYNOLDS), with amniotic pressure measurement (CALDFYRO-BARCIA) 

or with intrauterine pressure recordings (HENDRICKS c.s.). 

In our study we had to rely on the subjective findings of the patient, 

on the palpable hardness of the uterus, and eventually on the duration and the 

course of labour. 

Typical of genuine labour activity are the faster waves with a frequency 

of about 0.5 cps, superimposed on irregular slow electrical activity. 

Pregnancy contractions in which only irregular slow waves were registered, 

were never painful and often escaped the attention of the patient completely. 

Λ woman trained in this knew how to indicate such a painless contraction, yet 
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it often happened that she still only indicated it definitely after she herself had 
felt 'the uterus lying like a hard ball in her abdomen', or after she had inspected 
the external change of shape on the surface of the abdomen herself. 

This was completely different in contractions where mainly faster electrical 
activity was recorded. These were always indicated by the patient, who could 
clearly fix the start and the end of each subjective pain sensation. 

As the faster action potentials began to predominate, subjective pain in
creased, while on the other hand there was hardly any sensation of pain in con
tractions where mainly slow waves were recorded. 

The occurrence of pain is therefore clinically correlated with the appearance 
of faster action potentials, while study of the electrohysterographic aspect of 
various labour contractions in the same patient indicates that the pain appears 
to increase as the frequency of the action potentials increases. 

When pain reaches a maximum during the culminating point of a labour 
contraction the record levels off (see Fig. 53, page 89). Either there is such a 
high frequency present at that time that it exceeds the maximum frequency that 
can be registered, or else there is question of a contracture in which there is a 
contraction situation with no registrable action potentials ('Dauerdepolarisation', 
JUNG, 1956). 

This is seen clearly when there is a 'uterus en bois' as a result of premature 
separation of the placenta (see Fig. 55, Record 45a, page 92). 

It is possible to correlate the strength of the contraction with the electrical 
phenomena roughly by means of palpation. 

During a pregnancy contraction one clearly feels the uterus become harder, 
although it is still possible to depress the muscle tissue and make palpable contact 
with the child, or feel movements of the child. In the electrohysterogram slow 
frequencies (0.025-0.25 cps) predominate during such a contraction. 

During a labour contraction, however, the uterus is much harder, and it is 
not possible to deform the uterine musculature and obtain contact with the child 
or feel its movements by palpation. 

In such a contraction situation faster action potentials are mainly recorded 
(0.45-0.60 cps). 

When the hardness of the uterus musculature is at its height the electro
hysterogram becomes practically flat, as was observed in 4 patients in whom 
dilatation progressed very rapidly and in two patients with a 'uterus en bois' as 
a result of premature separation of the placenta. The following records may 
illustrate this. 
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Fie. 54 

Fig. 54, Record 40. Primigravida in labour, aged 25. 
This record was also described on page 89 and shows the electrical activity 

during a contraction in the first stage of labour. The patient's dilatation pro
gressed from 3 to 10 cm in the course of an hour. During that hour the electro-
hysterogram showed the record reproduced above at each contraction. 
There was quite a lot of slow activity between contractions. The upper trace 
is the electrical activity of the left half, and the lower trace of the right half of 
the fundus. The right half shows a more highly differentiated electrohystero-
gram than the left. The slow activity reaches its peak at 0.025 cps, the faster 
activity at 0.45 cps. About 4 seconds before the pain was felt, these faster waves 
appeared with an amplitude of 200-400 microvolt. 

At the moment of maximum pain and palpable hardness of the uterus these 
waves subside into a practically flat trace. After the sensation of pain, slow 
activity is again observed. 

Record 45. Primigravida, 34-36 weeks of pregnancy, aged 24. Admitted 
with premature separation of the placenta. 

Fig. 55 
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Fig. 55, Record 45a. 
This record shows the electrohystcrogram at the moment that a clinically 

stone-hard uterus was felt. The upper trace was taken from the left half of the 
fundus, the lower from the right. At that moment the patient was experiencing 

92 



violent pain. Analysis reveals that the traces are practically flat. There is only a 

little low-voltage activity with a frequency of 0.025 and 0.15 cps and in the 

upper trace little activity with a frequency of 0.3 cps. 

Fig. 56 
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Fig. 56, Record 45b. 

This record was taken an hour later. At this moment the pain was less than 

during electrohysterogram 45a, and was no longer continuous, so that the 

patient was able to indicate when a contraction began. The record shows action 

potentials during a contraction with a predominant frequency of 0.10 cps. The 

maximum amplitude is 300 microvolt. 14 Seconds before the sensation of pain 

some waves could already be observed in the electrohysterogram. The uterus felt 

less hard to palpation than in record 45 a. 
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Fig. 57, Record 45c. 

Electrical activity some minutes later, when the pain had lessened con

siderably. The uterus was still palpably tight, but not really hard. The electro

hysterogram now shows better differentiation. The frequency has peaks at 

0.05 and 0.025 cps, while faster frequencies (0.45-0.6 cps) also are present. 

Maximum amplitude is 1200 microvolt. 

There seems to be some relation between the hardness of the uterus and the 
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pain occurring with it, and the frequency spectrum of the electrohystcrogram, 

with an increase in tonus during pregnancy, with irregular slow electrical activity 

at the least, up to the stone-hard uterus (uterus en bois) with a practically flat 

trace at the most. Between these lies the pattern of a physiological labour 

contraction, characterized by the presence of faster action potentials (0.45-

0.6 cps) . 

There are however certain difficulties entailed in any attempts to draw 

conclusions regarding the duration and course of labour from the relationship 

between the electrical activity and the mechanical phenomena observed during 

labour. STEER (1954 ) , LÉVY-SOLAL (1955) and SUREAU (1955 ) , who only 

recorded the faster electrical activity, drew certain conclusions regarding the 

course of labour from the height or ampli tude of the waves. They observed 

that rapid delivery constantly accompanied amplitudes in excess of 400 micro

volt. 

In our electrohysterograms during labour, however, we are concerned not 

only with the faster low-voltage action potentials, but also with the slow high-

voltage ones which occur in close proximity to and mixed with them. Action 

potentials with a frequency of 0.45 to 0.6 cps arc essential to labour activity, but 

the ampli tude alone is not the basis to draw conclusions from regarding the 

course of labour, for we saw a virtually flat trace in the electrohystcrogram in 

periods of max imum contractility. I t will be seen later that the duration and 

course of labour are characterized by the occurrence of faster and slow action 

potentials together, the proportion of which differs individually from patient to 

patient and shows a regular progression towards the faster components as labour 

advances. 

с Occurrence of focal electrical activity during labour 

Clear phase opposition is frequently visible in two connecting leads during 

labour as well as in pregnancy. Fig. 48, Record 8b, page 86, demonstrates this 

clearly. 

A description of the significance of a n d the search for such phase opposition 

may be found on page 8 1 . 

T h e difficulties of such investigation are, however, even greater during labour 

than during pregnancy. T h e large number of electrodes, that must be fixed to the 

abdominal wall during labour, makes this research a difficult procedure for both 
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patient and investigator. In addition, it becomes even more difficult to locate 
focal action potentials during labour, because then the localization of 'pace
makers' is much more fleeting. In other words, each point appears to be active 
for only a short time before rapidly shifting to a new site of origin. 

But it was nevertheless possible to prove the existence of various 'pacemakers' 
situated in various positions during labour, using this phase opposition method. 

Record 81. Primigravida in labour. 

Fig. 58 

Fig. 58, Record 81b. 
The leads 5-2 and 2-6 constitute the vertical leads with a common electrode 

2 at a spot over the middle of the fundus. The record is practically flat between 
contractions and it shows a few slow deflections 8 seconds before the sensation 
of pain occurs. Except for slow activity, faster waves, are seen during contractions. 
Both traces show phase opposition with regard to electrode 2. Maximum ampli
tude is 300 microvolt. 

Fig. 59 

Fig. 59, Record 81c. 
The leads 1-2 and 2-3 constitute the horizontal leads with the same common 

electrode 2 as in 81b. 
Here is a similar picture to the one above, and likewise a phase opposition, 

proving the existence of a 'pacemaker' in the middle of the fundus near elec
trode 2. Horizontal or vertical positioning of the electrodes appears to have no 
influence on the shape of the trace. 

In the same way, a 'pacemaker' was demonstrated in the left half of the fundus 
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in this patient, while further phase oppositions were found which indicated a 
'pacemaker' in the left half of the lower uterine segment. In contrast with LARKS' 

findings it appears from this that for the faster phenomena of labour activity, 
there is no question of any constant localization of one 'pacemaker', 
but this 'pacemaker' constantly changes in position and may occur anywhere 
in the uterus. Electrohysterograms during labour also indicate that various 
'pacemakers' are active at different places at the same time, but it was not 
possible to prove this with certainty using a 3-channel registration. Electro
physiological observations from the abdominal wall therefore confirm that during 
labour each and every part of the uterine muscle genuinely possesses the ability 
to originate impulses autonomously and may in this way become a pacemaker 
(JUNG, 1956; KAO, 1959). 

d. Transition of electrical activity of pregnancy contractions 
into that of labour contractions 

Study of the electrohysterograms made at various stages during the last ten 
weeks of pregnancy in the same patients indicates that from the 34th week 
until a few days before delivery, a record with little or no demonstrable electrical 
activity is usual (see page 78). On the other hand, from about a week until 
a few days before delivery, an increase in irregular slow electrical activity 
occurs, simultaneously with the subjectively observable and objectively palpable 
contractions of pregnancy, while some slow activity often remains in the inter
vals between the contractions as well. As parturition approaches, this slow activity 
can be observed more frequently per time unit, often accompanied with clear 
phase oppositions. Then faster action potentials, with a frequency of about 
0.45 cps appear occasionally on top of and next to the slow waves. Initially these 
faster action potentials are not visible at each contraction and in every lead. 
Moreover, they vary widely in frequency and amplitude. The amount of faster 
action potentials per contraction gradually increases until finally they are seen 
in every fundus lead and at each contraction. The trace from the lower uterine 
segment, however, retains its original aspect and shows virtually nothing but 
irregular slow waves (Fig. 61, Record 7, page 97). 

This superposition of faster phenomena on the existing slow waves sometimes 
occurs abruptly, but is sometimes very hesitant, with long periods in between 
in which only slow electrical activity is demonstrable. As the faster waves increase, 
and are observed at each contraction and in all the leads except the one from the 
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lower uterine segment, the contractions subjectively and objectively take on the 
character of labour contractions, and in the electrohysterogram we see the 
development of a trace like the one in Fig. 48, Record 8b on page 86, such as 
was described as being the electrical activity of a uterus in labour. The following 
records demonstrate this. 

Fig. 60 
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Fig. 60, Record 6. Gravida II, 38 weeks of pregnancy, aged 27. 
The upper trace is from the left half of the fundus and the lower from the 

right. 
This record is typical in showing an aspect of little or no electrical activity, 

as is often found in this stage of pregnancy. The traces are nearly always hori
zontal with an occasional slight slow deflection. Analysis also proved that there 
was little electrical activity. 

Fig. 61 

Fig. 61, Record 7. Gravida II, 39 weeks of pregnancy, aged 27. 
This electrohysterogram is of the same patient as record 6, but one week 

later. The record now shows a much more lively pattern. Lead 4-5 is taken 
from the lower uterine segment, lead 1-2 from the left half of the fundus, lead 
2-3 from the right. 

Slow electrical activity can be seen in all the traces, which on analysis 
shows a predominant frequency of 0.05 cps in the left half of the fundus and in 
the lower uterine segment, and a predominant frequency of 0.20 cps in the 
right half of the fundus. The record of the right half of the fundus is the most 
highly differentiated, whereas the one derived from the lower uterine segment 
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is obviously less. Maximum amplitude is 600 microvolt. Λ few low-voltage faster 

action potentiak have already made their appearance. They are most pronounced 

in the trace from the right half of the fundus (0.45-0.60 cps). During this record 

the patient experienced 'a tight feeling in the abdomen' with no clear sensation 

of pain. 

We called this electrical activity 'transitional activity' since it constitutes a 

half-way stage between activity of pregnancy and activity of actual labour, as is 

illustrated in Fig. 62, Record 8c. 

Fig. 62 
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Fig. 62, Record 8c. Gravida II in labour, aged 27. 

This electrohysterogram is from the same patient as Figs. 60 and 61, Records 

6 and 7. The leads are the same as in Fig. 61, Record 7. 

In this electrohysterogram faster action potentiak are present in all the leads, 

including the one from the lower uterine segment. In the histogram the faster 

phenomena have a peak at 0.45 cps. 

e. Electrical activity during the first stage of labour 

As the contractions more and more assume the character of labour con

tractions, it becomes possible to detect faster action potentials at each contraction 

and from each part of the uterus except the lower uterine segment. Apart from 

these qualitative changes, quantitative changes are also observed in the electro

hysterogram. 

Contractions, associated electrohysterographically with 'transitional activity', 

usually last less than a minute, whereas the intervak are of various durations. 

Sometimes all activity disappears for hours or even days, and a period of 'little 

electrical activity' reappears in the electrohysterogram. Gradually the regular, 

longer-lasting contractions, which do not stop again and which are frequently 

associated with a sensation of pain, come into the clinical picture, and vaginal 

examination affirms that the patient is in fact in labour. 
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In the first phase of dilatation the electrohysterogram has an aspect which 

seems logically to be connected with the recordings described as 'transitional 

activity' (see page 97, Fig. 61). The contractions return with regular, often 

gradually decreasing intervals, and increase in duration. During each labour 

contraction faster action potentials are observed, at least in the traces from the 

fundus, with a frequency of 0.45-0.50 cps, and an amplitude of 50-400 microvolt, 

next to and superimposed on irregular slow electrical activity. However, the 

lead from the lower uterine segment shows virtually nothing but slow electrical 

activity in the first phase of dilatation, while the middle segment of the uterus 

has an electrical aspect which stands midway between those of the fundus and 

of the lower uterine segment. 

During as well as between contractions irregular slow activity remains visible, 

the proportion of which, however, in its relation to the faster phenomena, varies 

from patient to patient. 

This pattern continues in the electrohysterogram until dilatation has reached 

about 5 or 6 cm. After that the electrohysterogram changes in aspect. The faster 

waves come more to the fore at the expense of the slower potentials, and in this 

phase the trace from the lower uterine segment mainly shows faster action poten

tials too. We always observed this change in electrical activity at a dilatation of 

about 5 or 6 cm. The electrohysterogram then maintains this aspect until dila

tation is complete. The records below may illustrate this. 

Fig. 63 
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Fig. 63, Record 8a. Gravida II in labour, aged 27. 

An electrohysterogram at 4 cm dilatation. The uppermost trace (1-2) 

is from the left half of the fundus, 2-3 from the right, and the lowest trace 

is from the lower uterine segment. In both fundus traces there is lively, slow 

activity, which analysis shows to have a predominant frequency of 0.025 cps. 

Next to these, faster waves are found, with a frequency of 0.45 to 0.60 cps, 
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from the left half of the fundus in particular. Maximum amplitude of the faster 
action potentials is 200 microvolt. These faster waves appear as much as 10 
seconds before the pain is felt. The total duration of activity during this labour 
contraction was one minute. 

From the lower uterine segment only some irregular, slow activity is observed, 
which on analysis clearly appears to be less than that in the fundus leads, with 
no pronounced predominant frequency. Maximum amplitude is 400 microvolt. 

Records of pregnancy activity and 'transitional activity' from the same 
patient can be found on page 86, 97, Figs. 47, 60 and 61, Records 4, 6 and 7. 

Fig 64 

Fig. 64, Record 8c. 
This is an clcctrohysterogram at a dilatation of 5 to 6 cm. Here the leads 

are in the same patient and the same as in Fig. 63. The faster action potentials 
are now more prominent with a rather higher voltage than in Fig. 63. As appears 
from analysis, they have a frequency of 0.45-0.50 cps. Lead 4-5 from the lower 
uterine segment shows a less differentiated electrohysterogram, with only few 
faster action potentials. Leads 1-2 and 2-3 show phase opposition. About 
8 seconds before the pain is felt, faster action potentials are observed, which 
persist for about 8 seconds after disappearance of the pain. The whole labour 
contraction lasted one minute. 

Fig 65 

Fig. 65. Record 8d. 
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Λη electrohysterogram at a dilatation of 8 cm. Leads and patient are 

the same as in Figs. 63 and 64. In all the traces, including the one from the 

lower uterine segment, we see an increase in faster potentials, varying in 

frequency from 0.25 to 0.60 cps. The amplitude of these faster frequencies has 

increased as well. 

This change in electrical activity, in which faster action potentials increase 

and predominate over slower waves, which do, however, persist during and 

between contractions, was observed by us to be associated with dilatations which 

were progressing favourably. In this patient the progress of dilatation from 3 to 

5 cm took some 2 hours, whereas in one more hour dilatation progressed from 

5 to 10 cm. 

Fig. 66 
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Fig. 66, Record 81e. Primigravida in labour, aged 27. 

This is an electrohysterogram at a dilatation of 4 to 5 cm. Lead 4-5 shows 

the electrical activity from the lower uterine segment, lead 2-1 from the left 

half of the fundus and lead 1-4 from the left middle segment. Lead 2-1 from the 

fundus shows the most highly differentiated electrohysterogram. Apart from 

slow electrical activity there are faster potentials with a frequency of 0.45-0.60 

cps. Lead 1-4 from the middle field also shows a predominant frequency of 

0.025 cps for slow electrical activity, and for faster activity a predominant 

frequency of 0.60 cps. On the whole, the trace from the middle field is somewhat 

less highly differentiated than the record from the fundus. Lead 4-5 from the 

lower uterine segment shows the least highly differentiated electrohysterogram, 

mainly with slow electrical activity with a predominant frequency of 0.20 cps. 

The total duration of this labour contraction was 3 minutes. Twelve seconds 

before the sensation of pain, faster potentials were visible in the electrohystero

gram. This patient showed much irregular slow activity both during and between 

contractions. 

101 



In this record we find electrohysterographical confirmation of the 'descendant 

gradient', (ALVARIZ and САЬОЬ КО-ВАКСІА, 1954), i.e. the strength of con

traction decreases as it spreads out from the fundus downwards, and also of 

'fundal dominance' (RPYNOLDS, 1954), i.e. the fundus shows a greater activity 

than the more caudal parts of the uterus. 

Fis; 67 
_ _ ^ · _ І І ^ - _ - ^ х - ^ ~ ^ II . • 

1-2 

I 200¿iV 

10sec 

" ," 
^ - ^ X ' • N ^ , ^ — - ^ _ ^ ^ 0 0.2 0 4 0 0 

«-» c p . 

Fig. 67, Record 81c. 

Λη electrohystcrogram at a dilatation of 7 cm. This part of the electro-

hysterogram was made 50 minutes after Record 81c. Lead 4-5 is from the lower 

uterine segment, lead 1-2 from the left half of the fundus and lead 2-3 from the 

right. 

The drop in electrical activity in all the traces, both during and between 

contractions, is striking. The record is poorly differentiated. In the traces from 

the fundus as well as from the lower uterine segment we see some faster activity 

with a frequency of 0.30 cps. Maximum amplitude is 200 micro\olt. The total 

duration of this labour contraction was one minute. 

This record is typical of a dilatation further advanced than 6 cm, and is the 

electrohysterographical representation of a mechanically weak labour contraction. 

Yet the patient's dilatation progressed from 3 cm to 10 cm in three hours. 

In the first phase of dilatation no relation was found between the speed at 

which dilatation progressed and the amplitude or frequency recorded in the 

electrohystcrogram. The course of dilatation is electrohysterographically charac

terized by the combination of slow waves with faster action potentials. In the 

second phase of dilatation the faster potentials become more prominent in all 

the leads, including the one from the lower uterine segment. 

No significant differences between the electrohysterograms of primiparae 

and multiparae were observed. 

f. Electnral activity during the second stage of labour 

If there are difficulties in recording the clectroh) sterogram during the first 

stage of labour, they increase considerably during the second stage of labour. 

102 



But it did prove possible to follow the entire process of delivery electrohystero-
graphically in 7 patients (4 primiparae and 3 multiparae). 

The 0.8 cps filter was extremely useful here, as all parasitic potentials, 
induced by contractions of the abdominal wall musculature were completely 
blocked. (See chapter 3.) 

On the basis of the aspect of the electrohysterogram in the second phase of 
dilatation, it is possible to predict the contraction activity during the second 
stage of labour, and its possible duration. Apart from size and presentation 
of the baby, the pelvic aperture and the expulsion technique, the duration of 
the second stage of labour is chiefly determined by the mechanical strength of 
the contractions. Electrohysterographically faster action potentials predominate 
in a good expulsion. 

In contrast to the second phase of dilatation, there is also slow activity during 
expulsion of the baby, both during and between contractions. The next record 
illustrates this. 

Fig. 68 

Fig. 68, Record 8e. Gravida II in labour, aged 27. 
The electrical activity of the second half of dilatation in this patient was given 

on page 100 ( Record 8d, Fig. 65 ). This record shows the electrical activity during 
an expulsion contraction. Lead 1-2 is the electrical activity from the left half 
of the fundus, lead 2-3 from the right, and lead 4-5 from the lower uterine 
segment. As appears from analysis all the traces show faster activity with a pre
dominating frequency of 0.6 cps in the trace from the lower uterine segment. 

g. Electrical activity during the third stage of labour 

The common clinical teachings and also modern research (ESKES, 1962) 
describe some sort of a 'physiological pause' in uterine contractility after delivery 
of the baby, whereas others (Mom, 1944; ALVEREZ and CALDEYRO-BARCIA, 

1954) found that the spontaneous rhythm of uterine contractions continues 
with no interruption after delivery of the child. 
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Electrohysterography failed to establish the existence of any such 'physio

logical pause' in uterine contractility after delivery. On the contrary, immediately 

after delivery of the child, very lively electrical activity is observed in the electro-

hysterogram. Fig. 69, Record 81d will demonstrate this. 

Fie. 69 
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Fig. 69, Record 8Id. Primigravida in labour, aged 27. 

The uppermost trace shows the electrical activity from the left half of the fun

dus, lead 2-3 from the right, and lead 4-5 from the lower uterine segment. 

A few seconds after delivery of the child, lively electrical activity is visible, 

especially in the fundus traces. As appears from analysis, the slow electrical 

activity shows predominant frequencies of 0.025 and 0.05 cps, while this is in the 

region of 0.45 to 0.5 cps for the faster potentials. 

The electrical activity from the lower uterine segment is also, as appears from 

analysis, substantially less than from the fundus. 

After delivery electrohysterographic indications are also observed for the 

existence of a 'descendant gradient' and a 'fundal dominance', as was already 

found in the first stage of labour. This electrical activity lasts a few minutes. 

A hard uterus is palpable at this time. 

After that, rhythmic contractions occur again, associated electrohystero-

graphically with mainly faster potentials next to irregular slow electrical activity. 

D. PUERPERIUM 

Immediately after the birth of the placenta, we find a certain amount 

of electrical activity in the form of a series of slow waves with some faster action 

potentials between them or superimposed on them. Some discrepancy usually 

exists between the intensely contracted state of the uterus and the activity obser-
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vable in the electrohysterogram, a discrepancy abo described when dilatation 

was progressing rapidly, and in the cases with a stone-hard uterus in premature 

separation of the placenta (page 92). 

By means of intrauterine pressure recordings HENDRICKS (1962) and ESKES 

( 1962) found that after delivery the intensity of the contractions is much higher, 

the 'tonus' between contractions, on the other hand, lower, even when a 'hard' 

fundus could be felt clinically. 

The electrohysterogram shows relative lack of electrical activity, and this 

contraction pattern is probably a typical contracture pattern (JUNG, 1956). 

After a few hours the uterus is seemingly adjusted to the altered situation, 

and the electrohysterogram takes on an aspect that persists throughout the 

remainder of the puerperium. The next record illustrates this. 

Fig. 70 
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Fig. 70, Record 218. Para-IV, aged 29. 

This patient had undergone a highly satisfactory spontaneous delivery at 

full term. This record was made 14 hours after delivery, when the patient 

complained of intens after-pains. The fundus was palpable 4 fingers below the 

umbilicus. 

The upper trace is a simultaneous recording of respiration. The lower trace 

is the electrical activity of the fundus. The arrow indicates the moment at 

which contraction was felt. There was a well-differentiated electrohystero

gram with a predominant frequency of 0.10 cps, yet next to it there is clear, 

faster activity with a peak at 0.45 cps as well. This activity lasted one minute. 

After that there were a few solitary waves. The intervals were of short duration 

with a flat trace in the electrohysterogram. Each time the patient indicated 

pain, a series of waves as demonstrated above, was observed in the electro

hysterogram. 

The rate of respiration, which was very regular in the intervals, at 15 per 

minute, became somewhat irregular during the contractions as a result of rather 

convulsive breathing and moaning. 
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As the puerperium progresses, tht electrohysterogram shows a gradually 

altering pattern. Faster action potentials, as were found during labour, regularly 

persist during the first five or six days of the puerperium, but they are rarely 

observed after the 7th day post partum. The next records illustrate this. 

Fig- 71 
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Fig. 71, Record 71. Primipara, aged 29. 

Recording two days after delivery, the fundus, at that time, being palpable 

4 fingers below the umbilicus. 

The record shows the electrical activity of the left half of the fundus. 

Analysis shows that there is a well-differentiated electrohysterogram with a 

predominant frequency of 0.025 cps, and next to it faster activity with a 

peak at 0.45 cps. This activity lasted 5 minutes. Previous to this an interval 

of 3 minutes occurred, in which a horizontal trace with an occasional solitary 

slow deflection was recorded. The patient had no sensation of pain during 

registration, and over a longer period a series of such waves occurred regularly 

every 4 or 5 minutes. 

This pattern does indeed contrast with Fig. 72, Record 73, from the same 

patient on the 9th day after delivery. 

Fig- 72 
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Fig. 72, Record 73. 

The fundus extended to 2 or 3 fingers above the symphysis. The electrodes 

were fixed just above the symphysis. The faster frequencies are very much 

in the background now. This activity lasted one minute and occurred regularly 

after an interval of 4 minutes, in which a horizontal trace, with an ocrasional 

solitary slow deflection was observed. Now faster electrical activity is viifually 

absent here. This electrohysterogram consequently closely resembles that of a 

myomatous uterus. (Page 66, Fig. 16, Record 157). 
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In three patients we had the mother breast-feeding the child while we were 
recording, in order to establish the mamillo-uterine-reflex electrohysterogra-
phically. Every time an increase in electrical activity was observed when the baby 
was put to breast as well as when the baby was taken away, while more electrical 
activity was also observed during the baby's sucking, as the next records will 
demonstrate. 

Fig. 73 
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Fig. 73, Record 82a. Primipara, aged 27. 
Before the feeding. 
This record was made on the 3rd day after delivery. The fundus was palpable 

1-2 fingers below the umbilicus, quite high in other words. The electrohystero-
gram corresponds with this. Very little or no spontaneous electrical activity is 
visible. 

Fig. 74 

Fig. 74, Record 82b. 
After putting the baby to breast activity is detectable some 30-40 seconds 

after the child starts sucking. 

Fig. 75 

Fig. 75, Record 82c. 
After 4 minutes' sucking. 
In this record more electrical activitv is seen than before. 
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Fig. 76 

Fig. 76, Record 82k. 

Before and at the moment of removal of the child. 

Before taking the child away practically no electrical activity is visible. 

However, 18 seconds after taking the child away ( 1 ), an increase in electrical 

activity occurs again, mainly with slow waves. 

Fig- 77 
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Fig. 77, Record 82η. 

After feeding. 

A practically flat trace is seen again. 
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CHAPTER 5 

REVIEW OF RESULTS OBTAINED BY 

ELEGTROHYSTEROGRAPHY 

A. The non-pregnant uterus. In a non-pregnant uterus of normal size, lying 
completely protected in the small pelvis, no action potentials could be detected 
from the abdominal wall at the usable amplification. They were, however, 
detectable in the large uterus myomatosus or by leads in situ durante operatione. 

This electrical activity existed in the form of groups of slow waves with a 
frequency of 0.025-0.25 cps and an amplitude of 400-800 microvolt. 

The same pattern was recorded in leads from the abdominal wall as in leads 
in situ durante operatione. Oxytocin injection into the uterus improved dif
ferentiation of the electrohysterogram, while uterine contraction became visible 
at the same time. 

B. During pregnancy, 49 of the 140 electrohysterograms (35%) showed 
clear electrical activity after the twelfth week of pregnancy, while in 91 cases 
( 65 % ) little or no activity was detectable. 

Electrical activity during pregnancy existed in the form of slow waves with a 
frequency varying from 0.025 to 0.25 cps and an amplitude of 300-2400 micro
volt. These waves were occasionally uninterrupted, but more usually they were 
in groups, alternating with periods in which the electrohysterogram flattened. 

No relationship between duration of pregnancy and the electrical activity 
recorded could be demonstrated. 

Little or no electrical activity was demonstrable in the electrohysterograms 
of women whose pregnancy had lasted more than 42 weeks and who were 
clinically qualified as 'overterm'. 

In the second half of pregnancy, the group discharges, described above, were 
continually found in subjectively observed and/or objectively palpable contrac
tions of the uterus. Progesterone produced decrease or even disappearance of 
slow electrical activity. It was shown by the phase-opposition-method that there 
was no constant localization of one 'pacemaker' for this slow electrical activity, 
but that it continually changed its position and might occur anywhere in the 
uterus. At the end of pregnancy the slow electrical activity came more to the fore 
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as compared with the clectrohysterogram in the earlier stages of pregnancy. Faster 

action potentials ( ± 0.5 cps) were superimposed on this slow electrical activity. 

We called this 'transitional activity'. 

C. During labour. The electrical activity of the uterus during labour 

contractions showed no constant uniform pattern. In contrast to pregnancy 

contractions, where slow waves predominated, faster action potentials, with a 

frequency of about 0.5 cps and an amplitude of 50-500 microvolt occurred during 

labour. These faster action potentials could be recorded practically throughout 

the entire duration of contraction. This activity was demonstrable a few seconds 

before the occurrence of pain, while after cessation of the pain this faster activity 

was often still observed for a few seconds. However, slow electrical activity also 

remained demonstrable during contraction and the intervals and did not 

differ from the electrical activity of pregnancy. During the first phase of dilatation 

faster action potentials were almost exclusively observed in the leads from the 

fundus of the uterus, while slow waves were mainly recorded from the lower 

uterine segment. However, in the second phase of dilatation, we regularly 

observed faster action potentials (0.5 cps) in all leads. 

Λ relationship seemed to exist between the hardness of the uterus and the 

pain experienced with it on the one hand and the frequency spectrum of the 

clectrohysterogram on the other, ranging from an increase in tonus during 

pregnancy with irregular slow electrical activity at the least, to a stone-hard 

'uterus en bois' with a practically flat trace in the electrohysterogram at the most. 

It was, however, impossible to draw any conclusions regarding the course of 

parturition either from amplitude or from frequency alone. The course of the 

first stage of labour or dilatation was characterized by the occurrence of slow 

high-voltage and faster low-voltage action potentials close to each other and 

mixed. The relation between these differed from patient to patient and showed 

regular progression towards the faster components during the course of labour. 

By phase-opposition-method it could be proved, also for the faster action-

potentials, that there was no question of any constant localization of one 'pace

maker', but that it continually changed position and might occur anywhere in the 

uterus. 

During the second stage of labour the faster action potentials became more 

predominant. 

No electrohysterographic confirmation was found for the existence of a 
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'physiological pause' after the birth of the child. On the contrary, very lively 
polymorphic electrical activity was observed in the electrohystcrogram lasting 
for some minutes. After this the electrical changes became more rhythmic in 
character. 

D. During the Puerperium electrical activity took the form of groups of 
slow waves, and, especially in the first few days post partum, even faster action 
potentiak were to be found. After the 7th day post partum this faster activity 
ceased. The 'mammillo-uterine-reflex' could be determined by electrohystero-
graphy. 

I l l 





PART III 

CLINICO-PHYSIOLOGICAL APPLICATIONS 

OF ELECTROHYSTEROGRAPHY 





CHAPTER 6 * 

POSSIBILITIES FOR CLINICO-PHYSIOLOGICAL APPLICATION OF 

ELECTROHYSTEROGRAPHY DURING PREGNANCY 

a. Hypercontractility of the uterus 

A number of cases of abortion, immature and premature labour may be 
explained by hypercontractility of the uterus. 

Hypercontractility of the uterus may occur with any illness accompanied 
with fever during pregnancy, with an incarcerated retroflexion, while it also 
occurs regularly in amniotic hydrorrhoea. 

In our study, the elcctrohysterogram shows little or no activity during 
pregnancy in 65% of cases. 

However, should lively, well-differentiated electrical activity be recorded in 
all the leads continually for half an hour or more, we call it hypercontractility. 
We observed this after reposition of an incarcerated retroflected gravid uterus, 
in patients with pyelitis gravidarum with high fever and after premature rupture 
of the membranes in pregnancy. 

In the second part of this work we have shown that progesterone causes the 
slow activity in the elcctrohysterogram during pregnancy to decrease and 
eventually to disappear. The most frequently occurring aspect of the elcctro
hysterogram during pregnancy, viz. little or no electrical activity, might be said 
to be a good indicator of the blood progesterone level, and possibly of a good 
functioning of the placenta too. 

RAWLINGS and KRIEGER ( 1959) found that emotional factors, fear syndromes 
and various infections are accompanied with a drop in pregnanediol excretion 
in the urine. We found clcctrohystcrographic indications for this in patients with 
pyelitis gravidarum, while, in addition, a temporary increase in slow electrical 
activity was regularly observed, when patients were exposed to emotional stress. 

The number of published reports regarding the influence of progesterone 
on the activity of the uterus has grown in the last few years to an almost limitless 
and unsurveyable extent and the most divergent opinions are voiced in them. 

* T h e chapters 6 and 7 include theoretical observations about the supplementary 
application of clectrohysterography in connection with clinical data. 
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However, studies, showing that progesterone has an inhibiting influence on 

uterine activity, are on the increase. 

In this connection we must mention the investigations of J U N G ( 1956) , CSAPO 

(1958-1965) , R A W U N G S and K R I E G E R (1959 ) , KURIYAMA and CRAPO (1961 ) , 

BENGTSSON and CSAPO ( 1 9 6 2 ) , BERGER and NEUWEILER ( 1 9 6 2 ) , W O O D and 

PINKERTON ( 1 9 6 3 ) . 

It was shown electrohysterographically that 40 mg of progesterone (Pro-

gestinc-Organon ) deeply intramuscularly, produces a decrease in electrical 

activity after some 30 to 40 minutes. T h e potentials gradually obtain a distinctly 

local character and ultimately disappear completely. 

Record 161 (Fig. 37, pag. 80) demonstrates this. T h e patient had been 

admitted in connection with premature rupture of membranes in the thirty-

sixth week of pregnancy. This action of progesterone was recorded electro

hysterographically in various patients, always with the same result. 

Patients who were treated with a progesterone-depot preparat ion (Proluton-

Schering * 125 mg weekly) and regularly examined electrohysterographically, 

showed complete electrical quiescence in 11 out of 13 electrohysterograms, and 

only twice we got slight electrical activity. 

This demonstrates that electrohysterography is a harmless and simple 

method, applicable in all stages, for forming an impression of the electrical 

activity of the uterus dur ing pregnancy, making early diagnosis of imminent 

immature or premature labour, due to hypercontractility of the uterus, possible 

and providing a means for charting and gauging the results of the therapy 

applied. 

This technique may possibly develop into a rapid and easily applicable 

method of gaining an impression of placental functioning, after extensive and 

combined researches have clarified the connection between electrohysterogram, 

blood progesterone level and pregnanediol excretion in the urine. 

b . Serotinity {prolonged gestation) 

Seven patients (5 primiparae and 2 mult iparae with a history of regularly 

being overdue at previous deliveries), whose date of last menstruation was 

fixed with certainty and who had exceeded the calculated date by 15 days or 

more, were qualified clinically as serotine and were subjected to electrohystero-

graphic examination. 

* Proluton-Schcring <== hydroxyprogestcronc-capronate. 
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In all 7 patients, no electrical activity was recorded in the electrohysterogram 

for at least half an hour. 

The clinical diagnosis of 'serotinitas' could thus not be confirmed electro-

hysterographically, since the electrohysterogram of the uterus, that is actually 

at term, shows a clear increase in slow electrical activity, often with some 

'transitional activity'. 

Electrical quiescence in the electrohysterogram may indicate a sufficiently 

high progesterone level, and possibly good placental functioning, so that one may 

await events in safety. 

с Action of oxytocic drugs during pregnancy 

To examine electrohysterographically the action of oxytocic drugs during 

pregnancy, we studied the electrohysterograms of 7 patients who were unsuccess

fully subjected to chemical induction. 

After a trial injection of 1 IU. oxytocin, 2 IU. were given intramuscularly 

each hour, and this was done 6 times in succession. 

Two patients were 36 weeks pregnant at administration and 5 were at 

term. Six patients were primiparae, and 1 multipara. 

It makes no difference electrohysterographically whether oxytocin or a 

synthetic oxytocin is injected. 

One to three minutes after injection electrical activity is seen in the electro

hysterogram in the form of slow waves of high amplitude and a few faster action 

potentials of lower amplitude. Now contraction can be perceived, subjectively 

as well as objectively. Electrical activity is greatest and lasts longest after the 

first injection; a contraction situation is then frequently observed lasting for a 

few minutes, with slow and faster waves occurring next to each other and mixed 

( Initial hypertonia). After that contractions become more rhythmical in character 

and last 30-60 seconds, usually with intervals of 60-90 seconds. 

After 30 minutes little activity is still noticeable, but it returns after a sub

sequent injection, but much less than after the first injection, both in duration 

and in intensity. Every subsequent injection produces less and less reaction until 

after the 4th and 5th injection there is no longer any clear rhythmical reaction 

activity. 

Our records show a clear connection between moment of induction and 

reaction in the electrohysterogram. 

It is true that in two inductions in a 36 weeks pregnancy, mainly slow 
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activity was observed after the first injection, with some faster action potentials. 
But after the following injection only a few irregular and often localized slow 
potentials were observed, while there was hardly any activity 10 to 15 minutes 
after the injection. An almost flat trace then persisted for 45 minutes until the 
next injection. After the 5th injection almost no reaction was detectable. 

As the time of administration approached the time for spontaneous labour, 
an increase in reaction to oxytocic drugs was observed. 

This was expressed in various ways. The 'initial hypertonia', actually 
observed after each initial injection, lasts longer the nearer the patient is to term. 
Duration and frequency of contractions also increase as the time for spontaneous 
labour approaches and the reaction to the injection also lasts longer. 

In a pregnancy of 36 weeks duration a relative electrical quiescence was 
almost attained again as soon as 15 minutes after the injection, and no reaction 
at all was observed after the 5th injection. On the other hand, an initial admini
stration two days prior to spontaneous delivery, regularly brought about rhyth
mical contractions, which were strengthened by the following injections. At this 
administration a good reaction was still observed after the 7th injection, while 
5 hours after the last injection regular rhythmical contractions were still recorded, 
even though they were of short duration and with long intervals, in which the 
trace was completely horizontal, although the patient did not actually go into 
labour. 

Similar observations were described by CALDEIRO-BARCIA (1959) by means 
of measurements of the amniotic pressure and by SMYTH (1958) by mechanical 
recording of labour contractions. 

Electrohysterographic observations can add to this the fact that the electrical 
activity produced by injection of oxytocin, also changes qualitatively as the time 
for spontaneous delivery draws near, and that this is expressed in an increase in 
faster action potentials. 

In the 36 weeks pregnancy, mainly slow action potentials were recorded 
during contractions, produced as a reaction to the oxytocin injection. However, 
in the full-term pregnancy we have faster fluctuations, so that, electrohystero-
graphically, these contractions show almost the same picture as genuine spon
taneous labour contractions. These artificial contractions of the uterus, lacking 
a spontaneous motility or tonus, obviously are not transmitted to the cervical os. 

To quote CSAPO (1956): 'Under progesterone domination, the myometrium 
does indeed have a maximal potential working capacity, yet it does not function 
effectively.' 
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d. Assessment of the possibility of successful induction of labour 

In recent years one finds methods quoted in the literature (SMYTH (1958), 

AUREL-MULLER (1958), BODEN (1966), which, taking into account the reaction 

of the uterus to small doses of oxytocic drugs, as is recorded by external mechanical 

measurement, give an impression of the possibility of inducing labour me

chanically or chemically. 

The drawbacks to these methods are: 1. that however small the dose, no 

such administration is ever entirely without risk, and 2. external mechanical 

measurement of labour contractions is far too rough a method for obtaining 

any accurate impression of the activity of the uterus. 

Electrohysterography may render invaluable service here. If no spontaneous 

electrical activity is detectable in the electrohysterogram, we may assume that 

a sufficient progesterone block is still present, as a result of which the myometrium 

is incapable of functioning well due to decreased excitability and propagation 

(CSAPO (1958) and JUNG (1956), animal experiments). Thus, either induction 

has no effect (see chapter c, page 117) or else a difficult and prolonged labour 

ensues. 

Out of the 10 patients (8 primiparae and 2 multiparae), who received 6 χ 

2 IU. oxytocin after a trial dose of 1 IU., 7 did not go into labour. In these 7, as 

discussed in chapter c, there was almost no demonstrable clectrohysterogra-

phical activity prior to induction. 

In 2 patients, who did go into labour, regular slow clectrohysterographical 

activity was observed before induction. One primipara went into labour after 

7 injections of oxytocin, although electrohysterographically there was pretty little 

slow activity before induction. This patient showed almost no reaction to the 

first four injections, but these injections possibly reduced progesterone production 

sufficiently, to allow the last three injections to start labour. 

According to BENGTSSON (1962) and CSAPO (1958), such administration 

may cause intraplacental bleedings, bringing about a drop in progesterone 

production. A further administration of larger doses would cause the progesterone 

level to drop low enough to remove the progesterone block and switch on the 

induction. We would therefore provisionally offer the advice that when no 

spontaneous electrical activity is observable in the electrohysterogram during 

pregnancy, regardless of the stage it is in, induction should be abandoned. 

In this connection CSAPO (1958) says: " I t is advisable to adopt a very con

servative attitude to the induction of labour and to avoid oxytocics until it 
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becomes certain that the progesterone block is withdrawn and the patient is in 
true labour. It may delay action for a period of 24-48 hours. But the danger 
would be avoided that the myometrium, only partly recovered froitl the block, 
is ineffectively stimulated and exhausted before the uterus as a whole can be 
put into effective action. When the progesterone block is withdrawn from the 
myometrium, normal excitability, propagation and the pharmacological reacti
vity return and one has a normal physiological labour." 

Electrohysterography supports this fully and probably offers the possibility 
of showing in a safe and simple manner whether or not the progesterone block 
has been withdrawn. Our observations clearly point that way. 

e. Action of progesterone during pregnancy 

The action of progesterone on the electrical activity during pregnancy has 
already been described on page 78. 

In patients in whom hypercontractility was observed electrohysterogra-
phically, it appeared that 40 mg of progesterone ( Progestine-Organon ), given 
deeply intramuscularly, caused the spontaneous slow electrical activity to decrease. 
Potentials have a pronounced local character and almost completely disappear 
40 minutes after the injection. 

Moreover, in 13 electrohysterograms of patients who were treated with a 
progesterone-depot preparation (125 mg Proluton* weekly) no demonstrable 
electrical activity was observed 11 times, and almost none twice, whereas there 
was clear electrical activity present prior to Proluton therapy. 

Our study of the electrical activity at various stages of pregnancy and 
the above results indicate, that the relative electrical quiescence during pregnancy 
is more or less physiological and points to a sufficiently high progesterone level 
and possibly to good placental functioning. Combined studies of electro
hysterography, progesterone level in the blood and prcgnanediol excretion in the 
urine will be necessary to prove this. 

f. Influence of emotion and mechanical stimulation 

During pregnancy as well as during labour, emotions and mechanical stimu
lation produce a clear increase in slow electrical activity. 

We see this increase in slow electrical activity come into being practically 

* Proluton (Schering) = hydroxyprogpstcrone-capronate. 

120 



simultaneously with emotion, for instance when an injection is openly requested 
and visibly prepared for the patient during electrohysterography. The same is 
true in the case of mechanical stimulation, e.g. touching the vagina, stretching 
of the cervical os or insertion of a condom-catheter. This activity lasts for a few 
minutes longer than the actual stimulus. 

The fact that emotions have an effect on the origination of abortion or pre
mature labour and of dystocia during labour, is clinically generally accepted. 

Electrohysterography is able to pinpoint this influence and analyse it. It will 
be discussed further under the heading of inertia uteri, (page 126) 
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CHAPTER 7 

POSSIBILITIES FOR CLINTCO-PHYSIOLOGICAL APPLICATION 

OF ELECTROHYSTEROGRAPHY DURING LABOUR 

a. Induction of labour 

It has already been mentioned on page 119 that induction of labour requires 
a certain degree of spontaneous uterine activity to switch on, expressed electro-
hysterographically in the form of slow high-voltage waves. 

If one then administers oxytocic drugs intramuscularly in addition it should 
be possible to predict the results of the attempted induction very soon after the 
initial injection. In patients with a certain measure of spontaneous activity, the 
initial hypertonicity is of longer duration and more intense, in the sense that faster 
sinusoidal waves predominate over slower ones. The rhythmical contractions 
that follow them last longer, while slow activity remains in the intervals. During 
contractions the faster activity predominates. The oxytocic activity remains for 
a long time after every injection, often till the next injection and is not ex
tinguished after a quarter of an hour, as it is in the case of administration during 
a period of electrical quiescence. 

Electrohysterography lends itself to the establishing of successful induction in 
advance, and is also a most elegant method of following an induction closely, so 
that both quantity and nature of the drugs, as well as the actual moment of 
administration can be prescribed individually. 

Attempts were made to induce labour artificially by means of instruments 
combined with medication in women in whom chemical induction alone, 
prescribed because of toxemia or Rh-factor antagonism, had failed. 

One multipara showed sufficient spontaneous activity clcctrohysterogra-
phically, but the remainder showed almost no demonstrable electrical activity 
before the condom-catheter was inserted. The mechanical stimulation of the 
condom on the uterus causes slow activity in the clectrohysterogram. 

If oxytocic drugs arc administered after an interval, rhythmical contractions 
commence, slow and faster action potentials being observed. A certain harmony 
develops between slow and faster activity, but not to the extent seen in spon
taneous labour. 
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With the exception of those patients in whom sufficient spontaneous activity 
was demonstrable before induction, all deliveries were consequently very slow 
and clinically difficult. 

Uterine 'tonus', electrohysterographically expressed as irregular slow electrical 
activity, can thus be raised in some degree by mechanical stimulation by condom, 
after which the administration of drugs may lead to the onset of labour. It is clear, 
also electrohysterographically, that such a labour only approximates to a spon
taneous one. 

The theoretical explanation for this is that probably the progesterone levels 
are still high enough for the excitability and propagation of the myometrium to 
be far from optimum. 

These deliveries are also discussed in chapter f on inertia uteri (page 126). 

b. Premature rupture of membranes 

In the 58 deliveries during which electrohystcrograms were recorded, the 
membranes spontaneously ruptured prematurely in 14 patients. Labour activity 
usually then commences after an interval and a 'dry' labour ensues. 

A labour of this sort is electrohysterographically indistinguishable from a 
normal labour in which the membranes remain intact until dilatation is complete. 

It seems that if the membranes rupture when a lively slow electrical activity 
is observed electrohysterographically, labour activity soon begins and delivery 
usually proceeds spontaneously and efficiently. 

If the membranes rupture and yet there is almost no electrical activity in the 
electrohysterogram, one sees spontaneous slow electrical activity develop after 
a latent period which may vary from a few hours to several days. Initially this 
activity is low in voltage and poorly differentiated, but gradually increases in 
quantity as well as in quality. After 8-24 hours' regular slow activity some faster 
waves occasionally appear in a fundus lead and one gets the picture described as 
'transitional activity'. 

So all the stages of a normal full-term pregnancy are then gone through at 
an accelerated pace. After a few hours of 'transitional activity', the normal labour 
picture gradually becomes visible in the electrohysterogram. After this, labour 
follows the normal electrohysterographic course, as described in part II . 

We were unable to determine electrohysterographically any clear disadvan
tageous influence of so-called 'dry labour' in these deliveries. If the patient was 
at full term at the moment of rupture of the membranes and if the interval, 
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until spontaneous slow activity was observed, was rather short, labour took a 

normal electrohysterographical course. The period of relative electrical quiescence 

can be prolonged by means of progesterone (Progestin-Proluton) — sometimes 

even for weeks — and this can be determined electrohysterographically. 

If, however, the patient was not at term at the moment the membranes 

ruptured, and if there was a long interval during which no electrical activity 

could be demonstrated in the clcctrohysterogram, then an induced labour might 

have a prolonged course, which will be further discussed under the heading of 

inertia uteri. 

We therefore conclude, on the grounds of clectrohysterograph findings, 

that, if one wishes to induce labour by means of artificial rupture of membranes, 

it is only any use if there is, before induction, a lively spontaneous, slow activity 

demonstrable in the electrohystcrogram, as otherwise one cannot possibly predict 

how long the interval of relative electrical quiescence will last; in other words, 

how much time is required before the progesterone block is withdrawn to such 

an extent that physiological labour can start. 

A very conservative attitude in the case of premature rupture of membranes 

is therefore highly advisable. 

с Orwt of labour 

This problem arises daily in obstetric practice, and the clinical symptoma 

tology often provides no clear answer. 

The electrohysterographic approach to this problem brought many interesting 

facts to light. 

What is the clcctrohysterogram picture in patients who are regarded as being 

in labour, and yet whose contractions disappear completely again after an 

interval? 

Initially, only irregular slow electrical activity — 'pregnancy activity' — is 

recorded at contractions or in between them. 

These patients are seldom found to be dilated at vaginal examination. We 

consequently considered such patients as not being in true labour, but in 'falso 

labour'. 

One often finds the electrohysterographical picture described as 'transitional 

activity'. Such 'transitional activity' was seen in our records from a week until a 

few hours prior to labour, and wc would like to call this situation representative 

of 'early or prodromal labour'. In women who show this 'transitional activity' 

in the electrohystcrogram, one mostly finds a more or less complete effacement 
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of the cervix and often slight dilatation at vaginal examination. Clinically we 
then speak of a 'soft cervix' or 'prcdilatation', which is interpreted as a clinically 
favourable factor for induction. 

In a clinical lecture KLOOSTERMAN (1959) pointed out the occurrence and 
importance of 'antenatal' dilatation, which is probably the clinico-anatomical 
basis for the electrohysterographical 'transitional activity'. 

This hesitant teamwork of slow and faster action potentials is probably the 
electrohysterographic indication of the first phase of dilatation, which progresses 
the more imperceptibly, the more the slow activity predominates in this team
work. 

If besides slow activity faster electrohysterographic waves are regularly found 
at every contraction and from every lead except from the one coming from the 
lower uterine segment, a situation is then reached which is defined as 'true 
labour'. Its electrohysterographic aspects and development have been dealt 
with in part II. 

The occurrence of faster action potcntiak during a contraction can therefore 
be regarded electrohysterographically as the onset of the process of labour. But 
clinically the patient should only be regarded as being in labour when faster 
action potentials are observed in every fundus lead and during every contraction. 

A whole scale of gradual changes between the onset of the process of labour 
and true labour exists, varying from hour to hour and from patient to patient, 
and these are probably determined by a complex hormonal interaction. 

d. Administration of oxytocic drugs during labour 

The action of oxytocic drugs in the electrohysterogram in induction of 
labour has already been partially explained, (page 122) 

Two or three minutes after intramuscular administration of the drug we 
first see a hypertonicity, existing electrohysterographically in the form of a very 
complex pattern of slow and faster action potentials, in which, however, the 
faster type predominates. This hypertonic reaction in the electrohysterogram lasts 
for 10 to 15 minutes without a pause, indicating a clinically strong and long-
lasting contraction. Similar hyperactivity was also observed electrohystero
graphically after administration of 0.5 IU. oxytocin. 

It generally appears that there is a certain correlation between the sponta
neous slow electrical activity present, and the reaction to oxytocic drugs, in that 
it becomes more intensive the more slow electrical activity is present initially. 

After administration of oxytocic drugs, we see a further slight increase in 
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the frequency of contractions, and the duration of contractions is also prolonged. 
Faster action potentials come more to the fore, and their voltage goes up. 

However, they weaken after some time and the contractions assume an 
aspect similar to the one wc had before the drugs were administered. 

The increase in slow activity remains in the background in comparison to the 
faster waves after the administration of oxytocic drugs during delivery. After a 
second injection, the reaction is much slighter, both as to the initial hypertonicitv 
and to the subsequent contractions. 

e. Relaxant drugs during labour 

Pethidine and spasmalgine (contains papaverine, pantopon and atropine) 
were used by us as relaxant drugs. About 15 minutes after administration, a 
decrease in slow electrical activity was regularly seen in the electrohysterogram, 
initially only during intervals between contractions but, after half an hour, 
during the contractions as well (HUISKES ( 1964) ). 

However, the faster action potentials are scarcely influenced by it, a relative 
increase in faster action potentials comes about, becoming regular in aspect and 
often with a somewhat higher voltage. These changes also occur in the lead 
from the lower uterine segment. 

f. Uterine inertia 

One of the most important aspects inducing us to do this electrohystero-
graphic study was the prolonged labour. 

Mechanical measurements of contraction by means of external or internal 
tocodvnanornetry or records of the amniotic pressure have greatly increased our 
insight into the condition, but there are still many gaps, since the methods just 
mentioned are too static to allow the charting and analysis of so pre-eminently 
dynamic a process as labour. Every labour, and indeed every contraction, has 
a highly individual character, often with subtle changes of aspect that escape 
the notice of an over-static method of measurement of contractions. 

On purely clinical grounds wc know that the progress of labour is not merely 
a mechanical process. The status of the cervix, emotions, and numerous other 
factors as well, determine the course of labour. 

Before approaching the topic of uterine inertia electrohysterographically, it 
will be necessary to define the concept a little more closely, since there are 
numerous definitions of it in the literature. 

From electrohysterographic recording of labour activity it appears that a 
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prolonged labour is often described clinically, whereas only 'pregnancy activity' 
or 'transitional activity' is recorded in the electrohysterogram. These patients 
are therefore not really in true labour. 

Finally, there remains the group of patients who clinically and electro-
hysterographically really are in labour, yet in whom dilatation does not progress, 
or if so only very slowly. 

When there is no progress of dilatation after 3 hours or more in a woman 
who is clinically and clcctrohysterographically in true labour, we speak of uterine 
inertia. 

In part II it was shown that good progress of dilatation is characterized by 
harmony between the slow electrical activity and the faster action potentials, a 
harmony that varies from patient to patient and is subject to development in the 
course of every labour. 

The tetanic contraction of the fundus musculature, expressed electrohystero-
graphically in faster action potentials, requires for its transmission and effect 
on the cervical os a certain 'tonus' of the uterus, reflected electrohysterographically 
as slow electrical activity. 

When the proportion between slow and faster electrical activity is in any way 
distorted, one may expect disturbances. 

Two types of inertia can be distinguished electrohysterographically: 

1. the type in which slow electrical activity predominates during contractions 
as well as between them; 

2. the type in which slow electrical activity is nearly or totally absent both 
during contractions and between them. 

ad 1. Patients with this type of inertia produce very lively electrohystero-
grams. Both during contractions and between them, all leads show extensive 
slow deflections, mostly of high voltage with innumerable indications of phase 
opposition. During a contraction typical sinusoidal waves are superimposed 
on and mixed with them, but on the whole are in the minority. 

Fig. 78, Record 18 of a 28-ycar old primipara in labour at term, illustrates 
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this. This is a picture of fundus activity, recorded at a speed of a twentieth of an 

inch per second. High-voltage slow waves are easily seen. The faster action 

potentials are visible here and there, but are not so well seen because of the low 

speed of the film. 

This record is very similar to the electrical activity, designated as type С by 

LÉVY-SOLAL (l'hyperactivité électrique permanente). This inertia is variously 

described as cervical spasm, rigidité spasmodique, dystocia, etc. 

Electrohysterography is able to broaden our insight into the way this inertia 

comes into being. 

We mentioned that emotion during pregnancy and labour causes an increase 

in irregular slow electrical activity in the electrohysterogram. This slow activity, 

roused by fear and emotion, is the electrohysterographic representative of high 

tonicity in the uterine musculature. The tetanic contractions, originating 

initially in the fundus only, are not propagated and have no hold on the cervical 

os, as the lower uterine segment is spastic or too tightly drawn as a result of the 

heightened tonicity. 

We therefore wish to call this type hypertonic uterine inertia. 

The favourable action of relaxant drugs on this type of inertia can be followed 

very nicely in the electrohysterogram. They produce a decrease in slow electrical 

activity, initially only during the intervals between contractions, and finally during 

contractions as well. 

It was often found, however, that when relaxant drugs had brought about a 

large-scale disappearance of slow electrical activity, the electrohysterogram took 

on the aspect of 'poor labour'. For this reason, an attempt was made to bring 

about the opposite effect and increase the faster activity by administration of 

oxytocic drugs, in spite of the fact that LÉVY-SOLAL advises against this in the 

case of type С activity. 

The result is a strong initial hypertonicity with an increase in faster action 

potentials in the electrohysterogram during the subsequent contractions, 

accompanied with rapid dilatation. If the oxytocic drug is combined with a 

spasmolytic, then the hypertonicity relaxes somewhat. However, we would in no 

way wish to recommend this as the method of choice. 

ad 2.. In this form of inertia, too little or no slow electrical activity is observed 

in the electrohysterogram. We should like to designate this inertia by hypotonic 

uterine inertia. 

128 



During a contraction, almost only faster action potentials of normal frequency 
and frequently of fairly high voltage are to be seen in the electrohysterogram. 

Fi« 79 

Fig. 79, Record 50 illustrates the electrical activity seen during a contraction 
in this form of hypotonic inertia. The completely horizontal trace during the 
interval between contractions is worthy of note, whereas during contractions 
generally faster fluctuations are observed with a predominant frequency of 0.45 
cps and an amplitude of 50-250 microvolt. 

Electrohysterography reveals the true character of this inertia. The partial or 
total absence of slow electrical activity during and between contractions indicates 
a low to absent spontaneous tonicity of the uterine musculature. The tetanic 
contractions that produce faster action potentials in the fundus leads, typical of a 
labour contraction, are strong and frequent enough, yet are not propagated and 
have no hold on the cervical os because of a too low or absent 'tonus' of the 
lower uterine segment. 

Relaxant drugs, producing a decrease in slow electrical activity, do indeed 
have a somewhat sedative effect, yet do not influence the inertia at all. This 
originates from a uterine action pattern producing insufficient slow activity in 
the electrohysterogram. 

Oxytocic drugs, on the other hand, produce some slow activity, but mainly 
stimulate the mechanism in the uterus in labour that produces faster action 
potentials in the electrohysterogram, which are not needed in this form of 
inertia. 

We saw this form of hypotonic inertia in condom-catheter inductions prior 
to full term, in which almost no electrical activity was demonstrable in the 
electrohysterogram. It was seen in oxytocic stimulation in premature rupture 
of membranes and in a case of low implantation of placenta, when labour 
started in the 38th week of pregnancy after some loss of blood. 

It is, however, noteworthy that labour had commenced prematurely in all 
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these patients and that the action of some precipitating factor (condom-catheter 
- j - chemical induction, oxytocic stimulation in premature rupture of the mem
branes, stimulus due to haemorrhage, etc.) could be pointed out. 

All patients w€re in a state of electrical quiescence at the moment of 'onset' 
of labour, and we have learned to assess this as the electrohysterographic re
presentation of a sufficient progestcione level, as a result of which formation 
and conduction of stimuli is lessened. In consequence, the uterine musculature 
is incapable of optimum functioning and will therefore not adequately perform 
physiological, natural childbirth. 
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CHAPTER 8 

D I S C U S S I O N A N D S Y N T H E S I S 

A study of the literature reveals that both slow ( D I L L and M A I D E N 1/3-1/5 

and 1/10-1/30 cps) and faster electrical activity ( L É V Y - S O L A L 1/4-1 cps; 

SUREAU 1/3-1 cps; M Ü L L E R 0.2-2 cps) of the uterus are described. Various 

investigators ( S T E E R , K A O , L A R K S ) found faster activity ( S T E E R 1/3-2 cps; K A O 

3.7-55 AP/min) occurring together with slow activity (lasting for various numbers 

of seconds) but gave no explanation for this finding. 

K A O ' S finding from long-term recordings with electrodes in the uterine 

muscle of the rabbit come closest to our results. 

Independent of the presence or absence of pregnancy and the duration of 

pregnancy, we found waves of 0.025-0.25 cps, on top of which faster discharges 

of ± 0.5 cps were superimposed during the process of labour. K A O also found 

that the commonest wave-form was slow irregular waves with no constant perio

dicity, on top of which bursts of action potentials were superimposed during 

parturi t ion. 

Before organizing our results, we have a further question to tackle. 

W h a t are the physiological processes occurring in the uterus which are 

reflected in the electrohysterogram as slow a n d / o r faster electrical activity? 

Are faster and slow electrical activity but different expressions of one basic 

physiological process, by which e.g. some difference in excitability a n d / o r 

conductivity of the uterine muscle causes the slow activity to be superseded by 

the faster one, possibly as a result of some synchronization of cellular activity? 

This seems an obvious explanation. But what is the explanation for the simul

taneous and mixed occurrence of faster and slow action potentials during labour? 

O r must slow and faster electrical activity be considered as expressions of 

essentially and totally different physiological processes? 

Only few authors discuss the physiological processes of which they record the 

electrical equivalent. LÉVY-SOLAL, as well as STEER thought the sinusoidal 

faster waves to be characteristic of a normal uterine contraction. Its regular 

aspect was supposed to be the result of synchronous bunching of elementary 

action potentials, corresponding to perfect intercellular functional co-ordination. 
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LÉVY-SOLAL suggests two possible explanations for this sinusoidal activity: 'Soit 
un roulement fonctionnel dans l'activité des différentes unités motrices utérines, 
parfaitement coordonnées, réalisant un tétanos asynchrone, soit la répétition 
en vagues successives de l'activité synchrone de toutes les fibres utérines.' 

BOZLER, JUNG and KAO considered the faster electrical activity to be the 
reproduction of a tetanic contraction of the uterine musculature. The term 
tetanic contraction in their works is therefore continually associated with faster 
action potentials. 

With regard to slow electrical activity, opinions are less positive and 
unanimous. According to BOZLER, the slow waves come into existence when 
muscular excitability is low and conduction is limited and must therefore be due 
to non-conducted activity. In all the tissues studied local potential changes may 
occur, while no impulses are sent out. We are told by BOZLER that this situation 
is caused by depression in excitability of the muscle. 

According to SUREAU, CHAVINIÉ and CANNON (1965) the so-called slow 
uterine activity does not correspond to an elementary activity and may be of 
artificial origin. 

In our study we have found: 

1. Slow electrical activity (0.025-0.25 cps) is demonstrable in all stages of 
pregnancy, labour and puerperium as well as in the non-pregnant uterus. 

2. Oxytocin, injected into the uterine muscle, gives a visible contraction with 
slow waves in the electrohysterogram, led off from the non-pregnant 
uterus in situ. 

3. Much slow electrohysterogram activity is observed in situations of 
hypercontractility of the uterus during pregnancy. 

4. In the second half of pregnancy a subjectively observed and/or objectively 
palpable contraction of the uterus is accompanied with slow electrical 
activity in the electrohysterogram. 

5. Fear, emotion and mechanical stimulation of the uterus bring about an 
increase in slow electrical activity in the electrohysterogram. 

6. Progesterone, which has a relaxing influence on smooth musculature, 
produces disappearance of the slow electrical activity. 

7. The same result is obtained with relaxant drugs (pethidine, pantopon 

etc.). 
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So we are inclined to consider the slow electrical activity in the electro-

hysterogram as the electrical representative of the ' tonus' or increase in ' tonus' 

of uterine musculature. 

T h e faster electrical activity, resulting from an increase in the excitability 

and the conduction of impulses, constituted the electrical equivalent of a tetanic 

contraction. 

We therefore consider the results of our studies to be as follows: the slow 

electrical activity (0.025-0.25 cps) , found during all the generative stages as well 

as in the non-pregnant uterus, is the characteristic or 'organ-typical ' activity of 

the uterine muscle and is the electrical representative of tonus changes in the 

uterine muscle. 

T h e fact that this activity has a higher ampli tude in the pregnant than in the 

non-pregnant uterus obviously seems to be due to increased stretching of the 

uterine musculature dur ing pregnancy. 

T h e fact that progesterone causes the slow electrical activity in the clectro-

hysterogram to disappear, is in accordance with the tonus-reducing action 

progesterone has on all smooth muscle tissue. ( J U N G (1956 ) , CSAPO (1958 ) , 

RAWLINGS and K R I E G E R ( 1 9 5 9 ) , KURIYAMA and CSAPO (1961 ) , BFNGTSSON 

and CSAPO (1962 ) , B E R G I R and NEUWEILER (1962 ) , W O O D and PINKERTON 

(1963) . ) 

T h e fact that a majority of the records ( 6 5 % ) recorded during pregnancy 

shows little or no electrical activity, is in accordance with a physiological do

mination of progesterone (same authors as above) and possibly with a good 

functioning of the placenta (KLOOSTERMAN 1965) . 

T h e fact that no connection was found between the duration of pregnancy 

and the electrical activity in the elcctroh\sterogram is easily explained bv bearing 

in mind that the half-life of progesterone in the blood is very short (5 minute«), 

bringing about highly variable blood progesterone levels. 

Situations of hypercontractility during pregnancy, brought about by e.g. an 

incarcerated retroflexion, pyelitis gravidarum attended with high fever, fear, 

mechanical stimulation etc., accompanied with an increase in slow electrical 

activity, may be considered as periods of hightcned ' tonus' of the uterine muscu

lature. 

T h e slow electrical activity reflecting this increase in ' tonus' in the electro-

hysterogram, decreases and eventually disappears completely after administration 

of progesterone. When oxytocin is injected into women who, at that stage of 

pregnancy show little or no slow electrical activity in the electrohysterogram and 
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probably have a good progesterone level, only a few slow waves or slightly 

faster electrical activity waves occur, such as are also observed during labour, 

without however the occurrence of dilatation. 

In prolonged gestation the electrohysterogram of the 'overterm' uterus 

showed practically no slow electrical activity. So we may assume that these 

patients have a sufficiently high progesterone level and that probably the placenta 

is still functioning well. Induction in such a situation is not only unnecessary but 

might even be dangerous. 

As a result of decrease in progesterone level due to some deterioration in the 

functioning of the placenta (KLOOSTERMAN 1965) and possibly due to other 

factors as well, faster action potentials may occur in the fundus leads at the end 

of pregnancy, accompanying an increase in slow electrical activity. T h e \ herald 

the actual parturit ion and indicate that excitability and conductivity are on the 

increase. 

In addition to the disappearance of the 'progesterone block', other factors 

(oestrogens, oxytocinase) also play a more direct and positive part , because a 

situation with regular contractions, at tended with faster action potentials, cannot 

be stopped by progesterone. 

We have called this superposition of faster action potentials on the slow 

electrical activity ' transitional activity'. This is sometimes to be seen 3 weeks 

before delivery. Elcctrophysiologically the process of parturition begins with this 

' transitional activity', and we would like to connect this activity with the 

predilatation or antenatal dilatation (KLOOSTERMAN, 1959) . T h e more the slow 

waves predominate over the faster ones in the electrohvsterogram, the more 

slowly and 'silently' this predilatation appears to proceed. 

Elcctrophysiologically, this ' transitional activity' is the equivalent of 'prela-

bour ' , while we only have slow electrical activity in the electrohysterogram of 

'false labour ' . 

When excitability and conductivity increase, we get faster electrohvstcro-

graphic potentials. T h e amplitude increases in proportion as more muscle-

fibres become involved in the tetanic contraction. This was also demonstrated 

by JUNG in his in vitro experiments. 

T h e correlation we found between pain and hardness of the uterus and 

frequency of action potentials, is described inter alia by BOZLFR, GREVEN (1955) 

and J U N G (1956) . BOZLER found that the strength of a contraction is correlated 

with the frequency of rhythmic action potentials in the sense of tetanic stimulation. 
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JUNG (1956) found in his in vitro experiments that the strength of uterine con

traction depends on the frequency of repetitive impulses; the contraction of 

labour was supposed to be a complete tetanus. The frequency component is more 

noticeable in the uterus, as smooth musculature tends towards synchronous 

discharge. Increase in the number of fibres contracting simultaneously is expressed 

in the amplitude. Λη impulse is bound neither to any certain route nor course. 

Every muscle cell has the intrinsic capacity to form impulses independently and 

can thus become a 'pacemaker' (JUNG, 1956). 

We were able to prove this by means of phase opposition, both for slow and 

for faster electrical activity. 

During labour we regularly find in each fundus lead and at each contraction 

faster action potentials (about 0.5 cps), reflecting tetanic contraction of the 

fundus musculature. From the lower uterine segment virtually only slow waves 

are recorded during the first phase of dilatation. 

We have stated several times that strength of the tetanic contraction is not 

the only means of defining the course of the dilatation. It is also characterized 

by the occurrence of slow high-voltage and faster low-voltage action potentials 

close to each other and mixed, the relationship of which varies individually from 

patient to patient, and shifts regularly towards faster components during the 

course of parturition. 

If a tetanic contraction of the fundus musculature is to lead to dilatation, 

it can only take place if the tetanic contraction of the fundus can be propa

gated to the cervical os. A certain amount of 'tonus' is necessary in the lower 

uterine segment, reflected electrohysterographically in the slow electrical activity, 

for this propagation of tetanic contraction to take place. This subtle teamwork 

between tetanic contraction of the fundus musculature and 'tonus' of the lower 

uterine segment determines the course of dilatation. 

The fact that after a dilatation of about 5 cm mainly faster action potentials 

are also recorded from the lower uterine segment, may thus indicate that the 

whole uterus is involved in the tetanic contraction as one functional unit. The 

lower uterine segment thus no longer functions as a medium of propagation for 

the tetanic contraction of the fundus musculature, but tetanic contraction can 

catch hold of the cervical os directly, bringing about a tetanic contraction of the 

entire uterine musculature. This may therefore explain why the second phase 

of dilatation lasts so much shorter than the pre-5 cm-phase and may even be 

brought about in a few contractions, if tetanisation is favourable. 

We now approach the problem of uterine inertia. 
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In 'hypo-tonic' inertia, which is occasionally found after oxytocin induction 

while there is a good progesterone domination, there is little or no slow electrical 

activity in the electrohysterogram, indicating that there is insufficient or no 'tonus' 

in the lower uterine segment. The tetanic contraction of the fundus musculature 

leaks away into the weak lower uterine segment and does not reach the cervical 

os, and no progress of dilatation occurs. 

In 'hyper-tonic' inertia, with very much slow electrical activity in the 

electrohysterogram, it as also difficult for the tetanic contraction to flow to the 

cervical os easily. When this 'tonus' is decreased by a relaxantdrug, a dramatic 

increase in dilatation may be brought about by teamwork between tetanic 

contraction of the fundus and 'tonus' of the lower uterine segment. Every obste

trician has had experience of this action when giving e.g. pethidine. We have 

dcalth with this question in discussing the possibilities for practical application of 

electrohystcrography. 

The variable progesterone levels controlling the 'tonus' of the uterine muscu

lature, explain why the electrical activity of the uterus during parturition shows 

no constant uniform pattern either from patient to patient, or from contraction 

to contraction. 

The fact that during a short second stage of labour faster action potentials 

predominate in the electrohysterogram may be explained by the fact that the 

expulsion is determined both by the strength of the tetanic contraction, reflected 

in the frequency of the action potentials and by mechanic and static factors. Λ 

relative lack of faster action potentials during the second phase of dilatation may 

predictably increase the chances of difficulties in the second stage of labour. 

After the delivery of the child no clectrohysterographic indications were found 

for the existence of a 'physiological pause' in uterine contractility. On the con

trary, there was very lively polymorphic electrical activity, mainly with faster 

action potentials, continuing for some minutes. There is generally some in

congruence between the large intensity of contraction of the uterus after delivery 

and the observable clectrohysterographic activity. This incongruence is also found 

in a dilatation that proceeds very rapidly and in premature separation of the 

placenta. The electrohysterogram then shows absence of electrical activity, and 

this contraction pattern is probably the one we have in a typical contracture, 

based on 'Dauerdepolarisation' in the cells (JUNG, 1956). 

After some time, rhythmic discharges recommence, and are continued 

throughout the puerperium. As the length of puerperium since delivery increases, 

we have an electrohysterographical decrease in faster action potentials. This 
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faster electrical activity seems to be significant of the process of parturition аь 

a whole. After the 7th day of the puerperium practically only slow electrical 

activity remains in the electrohvsterogram, indicating that the uterus is getting 

back its own characteristic and 'organ-typical' activity. 

Putting the baby to breast and sucking by the baby cause this electrical 

activity in the electrohvsterogram to increase. 

The large measure of agreement between our records and those found by 

SURFAU (1955) and KAO ( 1 C ) 5 9 ) is worth mentioning here. 

SUREAU was unable to detect slow action potentials (slower than 1/3 cps) 

due to technical imperfections in his apparatus. 

He consequently found no demonstrable electrical activity during pregnancy. 

His labour records are therefore not stable in character until after 3 cm dilatation. 

Since he was unable to obtain reliable records at the onset of dilatation, he was 

abo unable to determine the transition from pregnancy contractions into labour 

contractions. Quite regular!) SUREAU found sinusoidal waves during a contraction 

of labour with an amplitude of 500-1000 microvolt and a frequency of 1/3-1 cps 

(mostlv 1/2 cps) from the fundus uteri, and so did we 

SUREAU was unable to detect electrical activity from the lower uterine segment 

with either cutaneous or endouterine electrodes. 

It thus becomes clear that by obtaining slow as well as faster electrical activity, 

our investigations led to fundamentally different results and conclusions than 

SUREAU'S did. 

KAO (1959) was able to produce very lengthy records with an apparatus 

similar to ours. This was done bv means of electrodes inserted into the uterine 

muscles of rabbits. H ;s results, recorded direct from the uterus, are in striking 

agreement with ours, which were obtained from the abdominal wall. He abo 

found that the commonest form of activity in these lengthy records consists of 

slow, irregular waves of several seconds' duration with no constant periodicity. 

Both amplitude and frequency seemed to be influenced by ovarian hormones. 

About the 20th da\ of pregnancy electrical activity takes the form of irregular 

and slow potential fluctuations. About the 30th da\ of pregnancy these slow 

potential fluctuations still predominate, though sometimes with a slightly higher 

amplitude. Faster action potentials (3.7-55/min.) daily become higher and 

more numerous at about this time. A considerable increase in the number of 

action potentials was seen in most animals within the last 6 hours before partu-
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rition, while the bursts became longer-lasting. T h e frequency of action potentials 

reached a peak at the time of parturit ion. 

After d e i n e r ) the potentials decreased, short bursts occasionally still being 

observed 10-12 hours later, but they were only rarely seen a n d often absent after 

2-3 days. In this period, the slow potentials were not so prominent as before 

delivery, but the electrical activitv usually consisted of small potential fluctuations. 

K A O found no indication for a real 'pacemaker area', but he did find 

indications for the fact that every part of the m\ometr ium is intrinsically capable 

of spontaneous discharges. 

T h e fact that K A O ' S records, which were obtained from the uterus in situ, 

albeit only in the rabbit uterus, are in complete agreement with ours from the 

abdominal wall, may be taken as a strengthening of the reliability of the results 

of our study. 
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SUMMARY 

Chapter 1 provides a chronological survey of past investigations in the field 

of electrohysterography. 
The contradictory results of these studies are noted in a concluding review 

(chapter 2) , which is a critical evaluation of the facts presented by the literature. 
Chapter 3, on material and methods, contains a description of the apparatus 

developed for the purpose of clinical electrohysterography. 
A three-channel cathode-ray-oscillograph plus film camera and direct pen-

recording system was used, with the following properties: 

time-constant 8.5 sec, 
maximum sensitivity: 5 microvolt/mm, 
a 0.8 cps filter blocking high frequencies, 
paper speed: 5 mm/sec. 

As electrodes chloratcd silver plates, 8 mm in diameter, were applied to the 
abdominal wall by means of collodion according to a fixed scheme. 

Duration of registration was at least 30 minutes on each occasion. 
In all, a total of 242 electrohystcrograms were recorded of which 140 were 

taken during pregnancy and 58 during labour. In 17 patients electrohystcrograms 
were taken at various stages of pregnancy and during actual labour, thus allowing 
a comparison of electrical activity during pregnancy and parturition. 

Moreover, the normal uterus, the myomatous uterus, (both from the 
abdominal wall and in situ durante opcratione) and the puerperal stage were 
included in our study. 

In chapter 4 the results of our studies are given. 

Summary of the results obtained by electrohysterography. 

A. The non-pregnant uterus. A non-pregnant uterus of normal size, lying 
completely protected in the small pelvis, gave no action potentials detectable 
from the abdominal wall with the usable amplification. On the other hand, 
they were produced by the large uterus myomatosus or in leads in situ durante 
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operatione. This electrical activity existed in the form of groups of slow waves 
with a frequency of 0.025-0.25 cps and an amplitude of 400-800 microvolt. 

In leads from the abdominal wall, the same pattern was detected as in leads 
in situ durante operatione. Oxytocin injection into the uterus improved differen
tiation of the electrohysterogram, while uterine contraction became visible at the 
same time. 

B. During pregnancy 49 of the 140 electrohysterograms (SS'/r) showed 
clear electrical activity after the twelfth week of pregnancy, while in 91 cases 
(65c/( ) little or no activity was detectable. 

Electrical activity in pregnancy existed in the form of slow waves with 
frequencies varying from 0.025 cps to 0.25 cps and an amplitude of 300-2400 
microvolt. These waves occasionally occurred without interruption, but most 
often came in groups, alternating with periods in which the electrohysterogram 
flattened. 

No relationship between duration of pregnancy and the electrical activity 
recorded was demonstrable. 

Women whose pregnancy lasted more than 42 weeks, who were clinically 
qualified as 'overterm', showed little or no electrical activity in the electro
hysterogram. 

In the second half of pregnancy, the group discharges described above were 
continually found in subjectively observed and/or objectively palpable contrac
tions of the uterus. 

Progesterone produced reduction and even disappearance of slow electrical 
activity. 

It was demonstrable by the method of phase opposition that there was no 
constant localization of one 'pacemaker' for this slow electrical activity, but that 
it continually changed its position and might occur anywhere in the uterus. 

At the end of pregnancy, the slow electrical activity predominated more 
and more over the electrohysterogram picture of the earlier stages of pregnancy, 
on top of which faster action potentials ( ± 0.5 cps) were occasionally superim
posed in the fundus leads. We have termed this 'transitional activity'. 

C. During labour. Electrical activity of the uterus during labour contractions 
presented no constant uniform pattern. Unlike pregnancy contractions, where 
slow waves predominated, faster action potentials with a frequency of ± 0.5 cps 
and an amplitude of 50-500 microvolt occurred during labour. These faster 
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potentials can be recorded throughout the entire duration of contraction. This 
activity was demonstrable several seconds before the sensation of pain was ex
perienced and the faster activity often persisted for a few seconds afterwards as 
well. 

Besides this, however, slow electrical activity demonstrably persisted during 
contraction and interval and did not differ from the electrical activity of 
pregnancy. 

During the first phase of dilatation, faster action potentials were almost 
exclusively observed in the leads from the fundus, while slow waves were mainly 
recorded from the lower part of the uterus. However, in the second phase of 
dilatation we regularly observed a predominancy of faster action potentials 
(0.5 cps) in all the leads. 

A relationship seemed to exist between the hardness of the uterus and the 
pain experienced with it on the one hand, and the frequency spectrum of the 
electrohysterogram on the other, ranging from an increase in tonus during 
pregnancy with irregular slow electrical activity at the least, to a stonehard 
'uterus en bois' with a practically flat trace in the electrohysterogram at the most. 

It was impossible to draw conclusions about the course of parturition from 
amplitude or frequency alone. The course of the first stage of labour was charac
terized by the occurrence, close to each other and mixed, of slow high-voltage 
and faster low-voltage action potentials, of which the relation differed from 
patient to patient and which showed regular progression towards the faster 
components during the course of labour. 

By determining the phase oppositions it could be proved that there could be 
no question of a constant site for one 'pacemaker' for the faster action potentials 
either, but that it continually changed its position and could occur anywhere in 
the uterus. 

During the second stage of labour the faster action potentials came to the 
fore. 

No elcctrohysterographic confirmation was found for the existence of a 
'physiological pause' after the birth of the child. On the contrary, very lively 
polymorphic electrical activity was observed in the electrohysterogram persisting 
for some minutes. After this the electrical changes became more rhythmic in 
character. 

D. During the Puerperium electrical activity took the form of groups of 
slow waves, and especially in the first few days post partum, even faster action 
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potentials were to be found. After the 7th day post partum, this faster activity 
ceased. 

The occurrence of a 'mammillo-uterine-rcflcx' could be determined with 
certainty by electrohysterography. 

In part III , chapters 6 and 7 summarize possible clinico-physiological appli
cations of electroh\ stcrography during pregnancy and labour. 

In chapter 8 there is a further review of the results, in which an attempt is 
made to correlate them with each other and with the data in the literature. 

The slow electrical activity (0 025-0.25 cps) in the electrohysterogram is 
considered as the record of the uterine muscular 'tonus*; the faster electrical 
activity (0.45-0.60 cps) constitutes the electrical equi\aient of a tetanic con
traction. The slow electrical activitv found in all generative stages as well as in 
the non-pregnant uterus is the characteristic 'organ-typical' acthity of uterine 
musculature and it represents the changing 'tonus' of the uterme musculature. It 
seems to be clear that this activity has a higher amplitude during pregnancy than 
between pregnancies as a result of increased stretching of the uterine musculature 
during pregnancy. 

The fact that progesterone caused the slow electrical activity to disappear in 
the electrohysterogram is in conformity with the effect progesterone has on all 
smooth muscle tissue. 

The fact that the majoriu of the records (65% ) recorded during pregnancy 
showed little or no electrical activity is in conformity with a physiological pro
gesterone domination and possibly with good placental functioning. The fact 
that no connection was found between duration of pregnancy and electrical 
activity in the electrohysterogram is easily explained by bearing in mind that the 
half-life of progesterone in the blood is very short (5 min.), leading to highly 
variable blood progesterone levels. 

Occurrences of hvpercontractilitv during pregnancy, all of which are attended 
with an increase in slow electrical actnity in the electrohysterogram, may be 
regarded as periods of hightened 'tonus' of the uterine muscle. 

The slow electrical activity reflecting this increase in 'tonus' in the electro
hysterogram, decreased and finally disappeared completely after administration 
of progesterone. 

In women clinically classified as scrotine, we alwavs found electrohystero
gram pictures with very little or no slow electrical activity. We may therefore 
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assume that there was a sufficiently high progesterone level in these patients' 
blood, and probably a good placental functioning. 

As a result of decrease in progesterone levels at the end of pregnancy, possibly 
due to reduced functioning of the placenta and other factors, faster action 
potentials occasionally occurred in a fundus lead, accompanied with increase in 
slow electrical activity. These announced the impending process of parturition 
and indicated that excitability and conductivity were gradually increasing. We 
termed this superimposition of faster action potentials upon the slow electrical 
activity 'transitional activity'. This could sometimes be seen as early as 3 weeks 
before delivery. Electrophysiologically the process of parturition begins with this 
'transitional activity', which we would like to associate with effacement and 
antenatal- or predilatation of the cenix. This predilatation appeared to proceed 
more 'silently' the more the slow waves predominated over the faster ones in the 
electrohysterogram. 

The 'transitional activity' is electrophysiologically the equivalent of 'early 
or prodromal labour', whereas slow electrical activitv alone is to be found in the 
electrohysterogram in 'false labour'. 

During actual labour, faster action potentials ( ± 0 . 5 cps) were regularlv 
found in each fundus lead and at each uterine contraction as an expression of 
the tetanic contraction of the fundus musculature. 

From the lower uterine segment, virtually nothing but slow waves were 
recorded during the first phase of dilatation. 

If a tetanic contraction of the fundus musculature is to lead to dilatation, 
this is only possible if the tetanic contraction of the fundus can be propagated 
to the cervical os. A certain amount of 'tonus' is necessar\ in the lower part of the 
uterus if this transmission of tetanic contraction is to take place. This 'tonus' 
is reflected electroh%sterographically by slow electrical activity. This subtle team
work between tetanic contraction of he fundus musculature and 'tonus' of the 
lower part of the uterus determines the course of dilatation. The fact that after 
a dilatation of about 2 inches, mainly faster action potentials were abo recorded 
from the lower uterine segment, might indicate that the whole uterus was drawn 
into tetanic contraction as one functional unit. 

This may explain why the second phase of dilatation ( after 5 cm ) is so much 
shorter than the preceding phase and may even come about in a few contractions 
as a result of favourable tetanisation. 

The uterine inertia problem was approached from this angle and subjected 
to further study. 
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The highly variable progesterone levels as the basis for the 'tonus' of uterine 
musculature also explain why the electrical activity of the uterus during partu
rition showed no constant uniform pattern, either from patient to patient, or 
from contraction to contraction. 

The fact that faster action potentials predominated in the electrohysterogram 
in rapid expulsion can also be explained, since, in addition to mechanical and 
static factors, the second stage of labour is determined by the strength of the 
tetanic contractions, reflected in the frequency of faster action potentials. If there 
was a comparative insufficiency of faster action potentials during the second 
phase of dilatation the chances of difficulties in the second stage of labour are 
high and predictable. 

After delivery we found no electrohysterographical indication for any so-
called 'physiological pause1. 

As the interval between delivery and puerperium became longer, we saw 
an electrohysterographical decrease in faster action potentials, which therefore 
appeared to be significant of the process of parturition as a whole. 

After the 7th day post partum practically only slow electrical activity was 
to be found in the electrohysterogram indicating that the uterus was getting back 
its characteristic Organ-t\ pical' activity. 

Putting the baby to breast and sucking by the baby increased this electro-
hysterogram-activity. 
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SAMENVATTING 

In hoofdstuk 1 wordt een chronologisch overzicht gegeven van schrijvers 
die zich in het verleden met electrohysterographie hebben beziggehouden. Voor 
zover beschreven, worden de resultaten van hun onderzoekingen vermeld. 

Het literatuuroverzicht wordt gevolgd door een slotbeschouwing, die een 
kritische doorlichting wil zijn van gegevens, die de literatuur biedt (hoofd
stuk 2). 

Hoofdstuk 3, over de methodiek, omvat een beschijving van de door ons 
ontwikkelde en op klinische electrohysterographie afgestemde apparatuur. Een 
drie-kanalige-cathodestraal-oscillograaph met filmcamera en een pennen-registra-
tie-systeem werd gebruikt met de volgende eigenschappen: 

tijdsconstante 8,5 sec, 
een verticaal afsnijdend filter bij 0,8 cps, 
maximale gevoeligheid 5 microvolt/mm. 
De loopsnelheid van het papier bedroeg 5 mm/sec. 
Als electroden werden zilveren plaatjes met collodium op de buikwand be

vestigd volgens een vast schema. 

De registratie-duur bedroeg telkens minstens 30 minuten. 

In totaal werden 242 electrohysterogrammen geregistreerd, waarvan 140 
gedurende de graviditeit en 58 tijdens de baring. Bij 17 patiënten werden ge
durende diverse stadia van de zwangerschap èn tijdens de baring electrohystero
grammen geregistreerd om aldus de electrische activiteit gedurende zwangerschap 
en baring te kunnen vergelijken. Bovendien werden de normale uterus en de 
uterus myomatosus (zowel vanaf de buikwand als in situ durante operatione) 
en de puerperale uterus in het onderzoek betrokken. 

In hoofdstuk 4 worden de resultaten van het eigen onderzoek weer
gegeven. 

Overzicht van de resultaten door electrohysterographie verkregen. 

A. De niet zwangere uterus. Bij een niet zwangere normaal-grote uterus, 
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die geheel beschut ligt in het kleine bekken, konden met de beschikbare ver
sterking vanaf de buikwand geen actiepotcntialen worden afgeleid; daarentegen 
wel bij een grote uterus myomatosus of bij afleiding in situ durante operatione. 
Deze clectrischc activiteit bestond uit groepen langzame golven met een fre
quentie van 0,025-0,25 cps en een amplitudo van 400-800 microvolt. 

Bij afleiding vanaf de buikwand werd hetzelfde patroon geregistreerd als 
bij afleiding in situ durante operatione. Oxytocine-injectie in de uterus ver
beterde de differentiatie van het electrohystcrogram, waarbij gelijktijdig de 
uteruscontractie zichtbaar werd. 

B. Gedurende de zwangerschap vertoonden bij een graviditeit verder dan 
12 weken 49 van de 140 electrohysterogrammen (35%) duidelijke elcctrische 
activiteit, terwijl in 91 gevallen (65%) geen of nauwelijks elcctrische activiteit 
aantoonbaar was. 

De clectrischc activiteit gedurende de zwangerschap bestond uit langzame 
golven met een frequentie variërend van 0,025 tot 0,25 cps en een amplitudo 
van 300-2400 microvolt. Deze golven werden soms zonder onderbreking gezien, 
meestal echter groepsgewijs, afgewisseld door perioden waarin het electro
hystcrogram afvlakte. 

Een verband tussen de duur van de zwangerschap en de geregistreerde 
elcctrische activiteit kon niet worden aangetoond. 

Bij vrouwen met een zwangerschapsduur van meer dan 42 weken, die 
klinisch als scrotien werden gequalificeerd, vonden wij geen of nauwelijks aan
toonbare elcctrische activiteit in het electrohystcrogram. 

In de tweede helft van de zwangerschap vonden wij bij een subjectief waar
genomen en/of objectief palpabele contractietoestand van de baarmoeder steeds 
de bovenbeschreven groepsgewijze ontladingen in het electrohystcrogram. 

Progesteron gaf een vermindering tot verdwijnens toe van de langzame elcc
trische activiteit. 

Met de phasc-oppositie-methodick werd aangetoond dat er geen constante 
localisatie is van één 'pacemaker' voor deze langzame clectrischc activiteit, doch 
dat deze steeds van plaats wisselde en overal in de uterus kon voorkomen. 

Op het einde van de zwangerschap kwam t.o.v. electrohysterogrammen in 
vroegere stadia der zwangerschap de langzame elcctrische activiteit meer op de 
voorgrond, waarop zich af en toe in de fundusafleidingen snellere actiepotentialen 
( ± 0,5 cps) superponeerden. Wij noemden dit „overgangsactiviteit". 
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С. Tijdens de baring vertoonde de electrische activiteit van de uterus tijdens 

de weeën geen constant uniform aspect. In tegenstelling tot zwangerschaps

contracties, waarbij de langzame golven domineerden, traden tijdens een wee 

snellere actiepotentialen met een frequentie van 0,45-0,60 cps en een amplitudo 

van 50-500 microvolt op. Deze snellere actiepotentialen konden meestal tijdens 

de gehele duur van de wee worden geregistreerd. Een tiental seconden voor het 

optreden van de pijnsensatie was deze activiteit al aantoonbaar, terwijl na het 

verdwijnen van de pijn vaak nog gedurende enige seconden deze snellere activiteit 

werd waargenomen. Daarnaast bleef echter tijdens wee en weeënpauze lang

zame electrische activiteit aantoonbaar, die niet van „zwangerschapsactiviteit" 

was te onderscheiden. 

Gedurende de eerste phase der ontsluiting werden de snellere actiepotentialen 

vrijwel uitsluitend waargenomen in de afleidingen vanaf de fundus uteri, terwijl 

vanaf het onderste deel der uterus overwegend langzame golven werden gere

gistreerd. In de tweede phase der ontsluiting, daarentegen, werden in alle 

afleidingen regelmatig en bij elke wee snellere actiepotentialen waargenomen. 

Er bleek een relatie te bestaan tussen de hardheid van de uterus en de daarbij 

optredende pijnsensatie en het frequentiespectrum van het electrohysterogram ; 

als minimum een tonusstijging tijdens de zwangerschap met onregelmatige lang

zame electrische activiteit en als maximum een keiharde „uterus en bois" met 

een nagenoeg vlakke curve in het electrohysterogram. 

Noch uit de amplitudo noch uit de frequentie alleen mag men conclusies 

trekken over het verloop van de baring. Het verloop van het eerste stadium 

van de baring, met name de ontsluiting, werd gekarakteriseerd door het naast 

elkaar en vermengd voorkomen van langzame hooggevolteerde en snellere 

laaggevolteerde actiepotentialen, waarvan de verhouding individueel verschilde 

van patiënte tot patiënte en die in de loop der baring een regelmatige ver

schuiving liet zien naar de snellere componenten. 

Door het bepalen van de phase-opposities kon ook voor de snellere actie

potentialen worden aangetoond dat er geen sprake kan zijn van een constante 

localisatie van één „pacemaker", doch dat deze steeds van plaats wisselt en 

overal in de uterus kan voorkomen. 

Tijdens de uitdrijvingsphase stonden de snellere actiepotentialen op de voor

grond. 

Electrohysterographisch werd geen bevestiging gevonden van het bestaan 

van een „physiologische weeënpauze" na de geboorte van het kind, doch werd 

er integendeel een zeer levendige polymorphe electrische activiteit in het 
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electroh\sterogram waargenomen die enkele minuten aanhield. Daarna kregen 
de electrische veranderingen weer een rh\thmisch karakter. 

D. Gedurende het kraambed vonden wij groepsgewijs electrische activiteit 
bestaande uit langzame goh en met vooral gedurende de eerste dagen post partum 
nog snellere actiepotentialen. Na de 7e dag post partum werd deze snellere 
activiteit nauwelijks meer waargenomen. 

De „mammillo-uterine-reflex" kon electrohysterographisch overtuigend wor
den vastgelegd. 

Deel III , hoofdstuk 6 en 7, beoogt een overzicht te geven van mogelijkheden 
tot klinisch-physiologische toepassing der electroh\sterographie tijdens zwanger
schap en baring. 

In hoofdstuk 8 vindt een nadere beschouwing van de resultaten plaats, 
waarbij wordt getracht tot een synthese te komen van de resultaten met elkaar 
en met gegevens uit de literatuur. 

De langzame electrische activiteit (0,025-0,25 cps) in het electrohvstcrogram 
wordt beschouwd als de weergave van de tonus c.q. tonusstijging van de uterus-
musculatuur: de snellere electrische activiteit (0,45-0,60 cps) daarentegen, vormt 
het electrisch equivalent van een tetanische contractie. 

De langzame electrische activiteit, die wordt gevonden gedurende alle gene
ratieve phasen alsook bij de normale uterus, is de karakteristieke of „orgaaneigen" 
activiteit van de baarmoederspier en is de electrische representante van 'tonus'-
veranderingen in de uterusspier. Dat deze activiteit gedurende de graviditeit 
een grotere amplitudo heeft dan buiten de graviditeit lijkt door sterkere rekking 
van de uterusmusculatuur tijdens de zwangerschap voor de hand liggend. 

Dat progesteron de langzame electrische activiteit in het electrohysterogram 
doet verdwijnen komt overeen met de tonusdalende werking, die progesteron 
op alle glad spierweefsel heeft. Dat het grootste deel der curv en ( 65 r/r ), tijdens 
de zwangerschap geregistreerd, geen of nauwelijks electrische activiteit vertoonde 
is in overeenstemming met een phvsiologi^che progesterondominatie en mogelijk 
met een goede placentafunctie. Dat er geen verband werd gevonden tussen de 
duur van de zwangerschap en de electrische activiteit in het electrohysterogram 
laat zich gemakkelijk verklaren wanneer men bedenkt dat de halfwaardetijd van 
progesteron in het bloed zeer kort is ( 5 minuten ), waardoor er dus zeer variabele 
bloedprogesteronspiegels ontstaan. 

Toestanden van hypercontractiliteit gedurende de zwangerschap, die allen 

148 



in het electrohvsterogram gepaard gaan met een toename van de langzame elec-
trische activiteit kan men beschouwen als perioden met een verhoogde 'tonus' van 
de uterusspier. De langzame electrische activiteit die deze 'tonus'stijging in het 
electrohvsterogram weerspiegelt verminderde en verdween uiteindelijk geheel 
na toediening van progesteron. 

Bij vrouwen, die klinisch als serotien werden gequalificeerd, vonden wij 
steeeds een electrohvsterogram zonder of nagenoeg zonder aantoonbare langzame 
electrische activiteit. Bij deze patiënten mag men dan ook een voldoende hoge 
progesteronspiegel veronderstellen en mogelijk een goede placentafunctie. 

Door daling van de progesteronspiegel, waarschijnlijk tengevolge van een 
minder goed functioneren der placenta en mogelijk tevens ten gevolge van andere 
factoren, zag men op het einde van de zwangerschap naast een toename der 
langzame electrische activiteit af en toe in een fundusafleiding snellere actie
potentialen optreden. Deze luiden het hanngsproces in en wijzen erop dat prik
kelbaarheid en prikkelgeleiding geleidelijk aan groter worden. 

Dit aarzelend superponeren van snellere actiepotcntialen op de bestaande 
langzame electrische activiteit noemden wij „overgangsactiviteit". Dit ziet men 
soms al 3 weken vóór de baring. Electrophv siologisch begint met deze overgangs
activiteit het baringsproces en wij zouden deze activiteit in verband willen 
brengen met de z.g. predilatatie of antenatale ontsluiting. Naarmate de lang
zame golven t.o.v. de snellere in het electrohvsterogram op de voorgrond staan 
blijkt deze antenatale ontsluiting meer sluipend te verlopen. Electrophysiologisch 
is deze overgangsactiviteit het aequivalent van „voorweeën", terwijl men bij 
„valse weeën" uitsluitend langzame electrische activiteit in het electrohvstero
gram aantreft. 

Tijdens weeën vonden wij in elke fundusafleiding en bij elke samentrekking 
van de baarmoeder regelmatig snellere actiepotcntialen (± 0,5 cps), als uiting 
van een tetanische contractie van de fundusmusculatuur. 

Vanaf het onderste deel van de uterus werden gedurende de eerste phase van 
de ontsluiting vrijwel alleen langzame golven geregistreerd. 

Wil een tetanische contractie van de fundusmusculatuur tot ontsluiting 
leiden, dan is dit alleen mogelijk als de tetanische contractie van de fundus 
op de ontsluitingsrand kan worden „voortgeplant". Voor deze „voortplanting" 
van de tetanische contractie is een zekere 'tonus' nodig van het onderste deel van 
de uterus, die zich electroh\sterographisch weerspiegelt in de langzame elec
trische activiteit. Dit subtiele samenspel tussen tetanische contractie der fundus
musculatuur en 'tonus'verandering van het onderste deel van de uterus bepaalt het 
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verloop van de ontsluiting. Dat na een ontsluiting van ± 5 cm ook vanaf het 
onderste deel van de uterus snellere actiepotentialen werden geregistreerd, kan 
erop wijzen dat dan de gehele uterus als één functionele eenheid is betrokken in de 
tetanische contractie. Zo kan worden verklaard dat de tweede phase der ont
sluiting zoveel korter duurt dan de phase vóór 5 cm en zich zelfs bij een gunstige 
tetanisatie in enkele weeën kan voltrekken. 

Het inertie-probleem werd vanuit deze achtergrond benaderd en nader 
uitgewerkt. 

Met de zeer variabele progestcronspiegel als basis voor de 'tonus' van de 
uterusmusculatuur is eveneens verklaard dat de electrische activiteit van de 
uterus tijdens de baring noch van patiënte tot patiënte, noch van wee tot wee 
een constant uniform aspect vertoont. 

Dat men bij een snelle uitdrijving in het electrohysterogram een overwegen 
van de snellere actiepotentialen waarnam lijkt eveneens verklaarbaar. Immers 
naast mechanische en statische factoren wordt de uitdrijving bepaald door de 
sterkte van de tetanische contractie, die weerspiegeld wordt in de frequentie van 
de actiepotentialen. Bij een relatief te weinig aan snellere actiepotentialen ge
durende de tweede phase van de ontsluiting is de kans op stoornissen in het uit
drijvingsstadium voorspelbaar groot. 

Na de geboorte van het kind vonden wij elcctrohysterographisch geen aan
knopingspunten voor het bestaan van een z.g. „physiologische weeënpauze". 

Naarmate het interval tussen baring en kraambed groter werd, zag men 
elcctrohysterographisch een afnemen van de snellere actiepotentialen, die dus 
significant blijken voor het baringsproces in zijn totaliteit. 

Na de 7e dag post partum vindt men vrijwel uitsluitend langzame electrische 
activiteit in het electrohysterogram, hetgeen erop wijst dat de uterus weer 
terugkeert naar zijn karakteristieke „orgaaneigen" activiteit. 

Het aanleggen en zogen van het kind deed deze electrische activiteit in het 
electrohysterogram toenemen. 
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VI 
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VII 
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VIII 
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IX 
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XII 
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