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EFFECTS OF UTERINE CONTRACTIONS ON THE EEG
OF THE HUMAN FETUS DURING LABOR'

Elio Garda-Austt

Human fetal electroencephalograms were first
obtained by Lindsley (I3} by means of electrodes
applied on the maternal abdominal walls. Later,
simtilar results were reported with an improved
technique using intravaginal elecirodes (2, 3,
45,17, 19).

With this technique human fetal EEGs were
recorded during advanced labor. Tt would be
important 10 establish the possible inAuence on
the EEG of fetal unoxia and acidosis during the
last stages of labor, when uterine contractions
provoke or increase the systemic metabolic dis-
orders. Moreover, 2 number of hndings indicate
that uterine contractions causing transient falls
in fetal heart vate (FHRY) (7, 20) also produce a
compression and deformation of the feral head
(27) and probably a transient reduction in feral
brain hlood How.

Tt 1s thus of interest of find out what changes
vceur 1n the feral EEG during uterine contrac-
tions and whether these modifications are corre-
lated with the strength of 1he contraction and
the variations in FHR The ininal results ob-
tained in nine fetuses will be presented in this
paper. Preliminary observations have been sub-

mitted recently (9).

! Rescarch perfarmed pursuant to Contract No. NIH-
69-6 with the National [nstitutes of Fealth, Bethesda,
Maryland, U5 4. Support alse received from grant PR/
URU /4101 of the Pan American Health Organization/
Warld Health Organizatiun,

Material and methods

Nine full-term pregnant women were studied
during labor, six of them under carbocaine
epidural and/or cavdal anesthesia, The effect
upon the EFG of 124 uterine contractions was
analyzed.

The tetal EEG was recorded during advanced
labor after rupture of the membranes and with
cervical dilatations greater than 4 cm. In every
case the hcad was at ar beyond station 0,
Three to six electrodes were insereed in the
scalp over both parietal and occipital bones,
which were the easiest zones to reach through
the birth canal. The electrodes were hook-
shaped platinum aeedles, enamel-insulated ex-
cept at the tip. An 8<channel Grass electroen-
cephalograph (Model [IT) was nsed. The EEG
was obtained by means of bipolar leads between
all the electrodes but one which was grounded.
The paper speed was 15 mm//sccond.

The uterine contrachons were inscribed by re-
cording the intrauterine pressure with a thin
polyethylene catheter introduced into the amnio-
tic sac by the transabdominal or wransvaginal
route {6). The cathcter was connected to a
pressure transducer and the latter to an 8-channel
recording Poly Viso, with a paper speed of
10 mm/minute. In the first recording the trans.
ducer was also connected to the electroencephalo-
graph by means of 2 Grass Balance Demodulater
Unit, in order to have the record of the contrac-
tion on the EEG. This

the same paper as
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simultaneous recording, of course, made «t pos-
sible to study the relativnship between the two
variables.

The FHR was recurded by means of an in.
stantaneous cardiotachometer, which was trg-
gered by the R waves of the feral ECG. The
ECG was obtained with a scalp clectrede that
supplied a fetal signal free froem maternal
interference (6). The FHR was recorded in
the Poly Viso,

All these variables, including the EEG in the
fast five cases, were recorded on magnetic tape
in an instrumental tape recarder {Stanborn-
Ampex Model 2007), Subsequently the play-
back of the tape was recorded cn a 6channel
Grass Polygraph (Model V), and all 1hese data
were comparcd at a convenient speed (15 mm/
sec} and amplification. Different time con-
stants were used (Y amplitude low frequency
0.6/sec and % amplitude high frequency 3/sec
and 15/sec}.

The Apgar score was determuined twice, one
and five minures after bith. A neurological
examination was carried out within the first 48
hours of life und hetween the third and fifth
Postnatal EEGs were obtained in the
same  electroencephalograph  using  the 10/20
system for electrode position.

days.

Resules

The fetal EEG  exhibited constamtly slow
waves during most of the uterine cantractions.
In some instances epileptifarm activity was also
recorded. The characteristics of the background
fetal EEG—that s, the recording obtained be-
tween contractions when the uterus was relaxed
—the sluwing of the EFG observed during
contractions, and the cpileptiform activity will be
described successively.

Background fetal EEG during lubor

The most constant pattern recorded (Figure 1)
was a slow irregular activity with a frequency
of 2-3/sec and an amplitude of 50-100 uV
{cases 2026 and 204Y3). Slower waves of 0.5-1/
sec were also currently observed (cases 2036 and
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Y¥igurr 1, Samples of background EEG o5 fetvses
studicnd, Most common pattern is slow itregular activity
of 2-5/sec and amplitude of 50-150 wV (2026 and
2093y Slower waves of 0.5-1/sec are also observed
{2036 and 2102). 2001 shows rhythm of 2/sec in pnddle
of record. In 2093 and 2094 irregular low-veltage fast

activits 1y superimposed on slow waves.

ERe Nl

2102). In one case a regular rhythm of 2/sec
was quite consistent along the recard (case
2001). In some instances irregular low-voltage
fast activity was superimposed on the slow
waves (cases 2093 and 2094).

Changes in the EEG not related to the uterine
contractions, and apparently spontaneous, were
observed {Figure 2}. An increase in the amount
and amplitude of slow waves, the appearance
or increase of low-voltage fast activity, and a
considerable reduction in amplitude were the
most common  variations observed. On  the
whole, these changes were not consistent, the
varions patterns alternating throughaut labor.
In some cases, however, a reduction in amplicude
was noted as labor progressed (case 2094). In
two cases (2094 and 2102} that exhibited both a
low Apgar score and epileptiform activity related
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Ficurs 2. “Spontanecus’’ changes of background feral EEG duning labor. Samples obtained with leads indi-
catedd are arranged according to decrvasing amplilude in cach case. Tune is munutes before delivery. Case 1969
{tugh Apgar scare) has irregular slow activily without Jow: voltage fast activity superimposed.  Case 2001 (also high
Apgar score) has faster EEG wah low-volage fastor acuvity supenimposed. Cases 2094 and 2102 were born with
low Apgar scores. Both show wonsiderable amount of Jow-voltage slow waves with faster activity superimposed, In

case 2094 only, reduction in EEG amplisnde was progresuve througluwt labar.

to uterine contractions, patterns of high-valtage
slow waves were found 1o predominate.

Suppression-burst periods were never observed
in these full-term fetuses.

Slowsng of the EEG during uterine contraciions

Of the 124 contractions studied, 76 (61 per
cent) provoked censistent changes in the EEG
(Table 1). The most frequent variation was the
appearance of irregular high-amplitude slow
waves of 1002200 oV and 0.5-1/sec (Figures 3
and 4). These changes were present in all the

it was pussible to obtain various simultaneous
leads with several electrodes distributed over
the scalp, it was found that the slowing of the
EEG was generalized and appeared simultane-
ously in all the leads studied (Figure 5). No
statistical dependency between the strength of
the contractions and the slowing of the EEG
was found.

TasLk !. Slowing of EEG and dips [ dunng uterine
contractions

PREEENT ABSENT TOTAL
fetuses studied, whether or not the contractions -
were accompanied by bearing-down efforts, EEG slowing

. . Na. 76 48
This slewing of the EEG was gradual and was ° 124
! o, 61 39 100
abserved with a latency of 5 w0 15 seconds
from the beginning of the contractions. The ])‘;“ 0 o 2
. . . . - o 3, ¥4
maximum slowing coincided with the peak of % 4 51 100

the contractions and subsided a few seconds

before they ended. In those cases in which

x?=8.2: r =0.21; p < 005
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Ficuere 9. Generalized slowing of EEG dunng utenne
contraction. First five records are EEGs obtalned simul-
tancously from Jifferent regions of scalp at clecirode posi-
tions indicated; bottem record 1s amniotic pressuce. Back-
ground EEG (A] shows only slight Jiflerences between
leads. At peak of contraction (B}, weneralized slowing
of ELG, with certain predominance i some leads. After
contraction (C) EFG reacquires its inidal characteristics.

In 60 of the 124 contractions (49 per cent),
transient falls in FHR (dips 1) were observed,
which were synchronous with the peak of the
). A statistical
dependency between the two phenomena was

weerine contractions  { Tahle

found (x* 8.2} but there was not a significant
correlation {r=0.21) between the intensity of the
contractions and the slowing of the EEG (Fig-
ures 3 and 4).

This slowing simuliancous with the uterine
contractions was evident n all fetuses, even
those that at birth were in apparendy gouod
condition as evaluated by the Apgar scores. In
two cases exhibiting a low Apgar score the
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Ficure 6. Randum andd rhythmic fetal epileptic activity.
Sumples obtained from came fetus ar ditferent motment
with same lead at electrode position indicared,  Above,
random single sharp waves; below, same waves are re-
peated rhythmically.

slow waves persisted after the contractions or
reappeared a few seconds later. These changes
cmneided with descents in FHR that appeared
ar persisted  after the contraction (dips 1T).
Under these circumstances the changes were
complex ones, as will be discussed helow.

Epiepnform getionty

Some af the fetuses evidenced random and/or
rhythmic epileptiform activity during labor (Fig-
ure 6). Random epileptiform activity consisted
of slow sharp waves of 200-300 msec duration
and 200-900 4V amplitude. These sharp waves
were single or repeated many times at a random
frequency (Figure 7).

But the most commen Aading was rhythmiv

epileptiform  activity  {Figure 7). Regular
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Fioune 7. Random and rhythmic epileptiform

b e e

activity
during ulerine contraction. A and B ceatinuous rccords,
Fetal EEG was recorded simultaneously with two differ-
tnt time constants: long (upper), with slow waves best
observed, and short (lower), with faster waves. Beforc
contraction {A), a few high-voltage slow waves anid
occasionally single sharp waves; during contraction (A),
increase in Jaw waves and a dip 1. After contraction
(B}, a rhvthmic discharge develops, best seen in lower
FEG, and a dip Il is observed.
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rhythms of sinusoidal or halfrectified waves
with progressive changes of frequency were
observed during 5 to 50 seconds. Semetimes the
initial frequency was higher (4-5/s¢c) and de-
creased at the end of the discharge {1-1.5/<ec).
In other instances the opposite sequence was
recorded. The amplitude of these discharges was
of the same order as or lower than that of
background activity, As the discharge progressed
the amplitude mcreased. This recruitment or
buid-up of epilepnlorm discharge was a com-
mon finding.

The epileptiform dischacges did not cxhibit a
great tendeney ta propagute. (n some occasions
it was possible to observe propugation over one
hemisphere from one clectrode to the next. In
uther instances discharges were seen in both
hemispheres, although not synchronous. Rilateral
synchronous activity was never observed,

In most cases the epileptic discharges coin-
cided with the uterine contractions (Table 2,
Figure 7). They usually appeared a few sec-
onds after the contraction, coinciding with the
descents in FHR observed abaut 44 seconds afeer
the contractions {dips {1}, This relationship
was observed in two fetuses born with a low
Apgar score (cases 2094 and 2102). In three
others, born with a high Apgar score and not
showing dips I, the discharges likewise had
the same time relationship with the contractions.
Less frequently the epileptiform activity ap-
peared at the onset or at the peak of the con-
tracon. A statistical dependency and correlation
between dips IT and the fetal epileptiform activ-
ity was found (x*=32.7; r=0.672) (Table 2).

In the two cases wih a low Apgar score
a number of epileptiform discharges uarclated to
the contractions were also ohserved. In one fetus
rhythmic cpileptiform activity was set up when
comnpressing  the anterior fontanel and upon
placing the forceps.

All but une of the cases in which epileptiform
activity was recorded during labor  exhibited
activity of the same type in the EEGs obiained
atter birth (Figure 8).

The number of cases studied is as yet ne
large ¢nough to substantiate data of statistical
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Tancr 2. Epileptic acrivily and Jips 11 during uterine
CORrACtions

FRESENT  ABSENT 1uraL
Lazfeptic artivity

Na. 35 89 124

o 28 72 101
Inps 11

Nu. 44 #0) 124

o 355 645 10t

x* 527; four-fold point  correlation = 0.672,
p<0.001.

significance. We shall confine ourselves to three
typical examples (Table 3):

Case 2035 had a normal delivery, Its heart
rate preseated only dips T The Apgar score
at the frst and fifth minutes was 7 and 10,
respectively, and the ncurological cxaminations
The fetal EE(:
waves during contraction but no epileptiform
activity. The subsequent EEGs obtained at one
hour, two and a half months, four months, and
one year of life were normal. In this case all the

were normal. showed slow

findings concurred to confirm the normal de-
livery of a normal baby.

Case 2094 presented a grear amount af epilep-
vform activity during delivery, in addition to
slow waves coincident with uterine contractions.
Dips 1T were obscerved along with dips 1. The
Apgar scores were low and the neurological
examinations abnormal. The postnatal EEG
studies exhibited epileptiform activity up to the
fafth day of lite. An EEG taken twe and a half
months later was normal. In this case abnormal
signs were apparent in labor (epileptiform act-
vity and dips II) and persisted for some time
after birth (lew Apgar score, abnormal neuro-
togical examinations, and epileptiform activity).

In case 2026, in additon to slow waves
epileptiform activity appeared during labor. Dips
IT were not present. After birth the Apgar scores
were high and the ncurclogical examinations
normal. On the sixth postnacal day the EEG
persisted abnormal. The last EEG, recorded one
year later, was normal. Evidently in this case
there was a discrepancy between the EEG fnd-



1 #2102

1.2 qarP MV A pfettantaingitgry ] 200 pv

60 hs

.07 Y A PPN

Qa4 F 8 h\"wm“'ﬁ‘"“"ﬁ"'-!'»'\f ST e Yt A
CaQy ™ e o™ e
QyF=9

e e :.,\_'-r\'\/\__w_”_-/\"',1‘\:.4‘_.'\":"-\’_/_/\_\{ MI 100 pv
' toaC

. #2094

12 “"WM’W\'\V"\"IM Jroowv

i6 hs

FpaCyg WW""UN"“ -
€4 0q M{Nr\ L/ 1‘\'%;'\\""%”;“\’

FpqCy Mm“ﬂhr\/’ﬂv"rﬂ"h-)rél's/"ﬂ
€30y~ AW N [ 100 oY
—

1sec

Fiaurr 8, Epileptiform activity in fetal and postnatal EEGs. In case 2120, fetal EEG {top, lead indicated) shows rhyth-
mic discharge. Other recordings are multlead EEG registered 60 hours after delivery using 10/20 system for elec-
lrede positions; asynchronous sharp waves in both hemispheres. In case 2094, fetal EEG shows waves repeated
rhythmically at frequency of 1.5/scc. EEG 46 hours after birth shows rhythmic and random epileptiform activie

synchronous and asynchronous in hoth hemispheres.

ings showing epileptiform activity before and
after delivery and the remaining findings, which
were all normal.

Discusston

During the uterine contractions and owing
to movements of the mother, arufacts were
usually recorded, but these van be differentiated
by therr shape and amplitude from the other
slow waves registered during contractions.
Moreover, the EEG waves auributed to the
effect of contractions were recorded with
epidural anesthesia in the absence of pain and
mother movements. Artifacts producced by fetal
movements that are commonly observed dunng
uterine contractions ¢an be also recogmzed.

The PGR have a different temporal course
fram that of che slow waves. However, we do
not know the characteristics of the electrical
activity originating in the fetal cutaneous glands.

[t could be postulated that the slow waves
recorded an the fetal scalp during contractions
are a reflection of the electrical activity of the
uterine muscle, ar electrohysterogram, Thus,
addition ta a slow electrical potential whose
time course 1s concomnitant with that of the
uterine contraction (12) faster activity of 0.5-
2/sec of sinusoidal or more or less irregular
wave forms has been described (27}, Some-
times these waves have the same shape as that
of the waves recorded on the scalp. However,
no electrohysterogram with these characteristics

Tarte 3. Camparative EEG and clnical swudy of three cases

POSTNATAL FPILEPTIC

APGAR SCORE NEUROLDGICAL

FETAL ACTIVITY EXAMINATION
CASE EPILERTIC e -—- Ist STH
NO. ACTIVITY Isr 8D 3ru 411 TH MLE  MIN 48 HoURs 3-5 pavs
2033 Na Nu No No Na — 7 10 Narmal Normal
20494 Yes Yeu Yen Yo Yo No i 4 Abnormal Abnormal
2426 Yes Yes Yes Na — — 10 10 Normal Normal
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has ever heen recurded from the cervix and
inferior segment by means of intravaginal elee-
trodes (22). Furtherinore, the EEG slowing
was observed in only 61 per cent of the uterine
studied, the

being a constant phenomenon when the con-

cantractions electrohysterogram
rractions are normal, as indeed they were in
all the cases studied. Therefore, we believe that
the electrical activity recorded on the scalp
during the contractions was not at uterine origin.

Epileptiform  activity had the same wave
shape as in newhorn infants and children. The
possibility that this activity might be an artifact
is eliminated by the fact that it persists aficr
birth with similar characteristics.

The amplirude and frequency of feral back-
ground EEG found in these studies correspond
with the descriptions of other authors (2, 3, 4,
5, 17, 19). Obvicusly the EEG slowing is a
consequence of uterine contractions even though
no relationship between the EEG change and
the strength of the contractions was found.

The changes in the LG of the human ferus
reported 1o this paper occur under conditions
in which the fetal head is quite likely being
very songly compressed by the uterine con-
tractions. This transient compression may cause
an imcrease inointracranial pressure, cephalic
deformation. and consequent reduction in cere
bral blood flow. Ischemia of the brain may ex-
plain the occurrence of slow waves and rhythmic
discharges in the EEG during the peak of the
contractions.  The dependency between dips |
and the slowing of the EEG in the same stage
of labor agrees with this hypothesis, since dips 1
are known when the fetal head s
strongly compressed by uterine contractions (7,
20).
during intracranial hypertension has been dem-
unstrated in animals (76) and in the human

1 ooour

Mereaver, the reduction in brain p0),

fetus (75). Changes in the EEG pattern similar
1 those occurring during the peak of uterine
contracrions have heen classically described dur-
itg brain anoxia in man {7, 10, 17, {8). Similar
changes have also been reporred by Mann (74)
in the feral lamb when rhe ewe is mace anoxic

hy hreathing pure nitcogen.

S0 far there is no evidence thar these transient
puriods of brain ischemia and anoxia may cause
permancnt damage to the brain. As far as is
inferable from the Apgar score of the newborn,
there is no correlation between the incidence
of dips [ during labor and the condition of the
newborn {20).

In addition 1o the reduction in brain pO,
as a possible mechanism of production of slow
waves, a direct mechanical action on the brain
could also be postelated. The considerable
cephalic deformation abserved during uterine
contractions would seem to support this inter-
pretation.

Dips [ were not the cause of the slow waves
vhserved during contractions, berause this slow-
ing could be observed in theic absence. This
eliminates the possibility that decreased heart
rate would reduce arterial pressure and blood
flow through the brain.

A different problem 15 involved 1o the pee-
sistence of slow waves and the presence of epi-
leptiform activity immediately after the contrac-
tions correlated with dips 11, All these fetal signs
might also he the result of fetal brain anoxia
and/or hrain lesion caused by cephalic deforma-
tion.
cases showing a low Apgar score. It should
therefore be assumed that in these cases the
changes were more marked than in the rest
Morcover, the EEG continued to exhibit epilep-
tiform activity several days after birth. This find-
ing indicates that fetal epileptiform activity ob-
served during labor was caused by abnormal
brain conditions that persisted in the newborn.
Presumably, after many contractions producing
brain anoxia the brain function 1s consistently

These changes were observed only in

disturbed; this makes epileptiform  discharges
and slow waves appear independently of the
contractions,

The presence of epileptiform activity in the
fetal EEG 1s not surprising because the imma-
turc brain has a high sensitivity to the hyper.
synchronous discharge. It is well known that
the newbern and the infant develop convulsions
with relative case. In the chick embryo it has
been reported (&) that EEG epileptic activity




may be present almost simultaneously with the
onset of the background electrical activity. The
presence of focal cortical seizures with slight or
no tendency tu propagation is likewise a charac-
teristic af the abnormal EEG in the newborn
infant, Hence 1t is not surprising that the
f‘CIUS Sh()uld prCSCﬂt Simililr }“]n't'fﬂs.

The cases showing  discrepancies  between
EEG and clinical dara, of which an example
was presented, pose the question of the possible
significance of fetal EEG in the management
of lahor. Tt s worth noting that in all these
cases abnormal EEG patterns were  recorded
after delivery, a hkely indication of important
changes in brain function.  All the same, in
order to gain a better understanding of cthe
furure unplications of the findings derived
from these babies, a more extensive experience

15 clearly required.

Summarv

Feral LLGs were recorded during advanced
labar by means of cnamclinsulawed platunum
needle clectrodes inserted 1y the fewal scalp.
They were introduced via the vagina and cervix
after rupture of the membrancs. The cervical
dilatation was greater than 4 cm and the feral
head was beyond station 0. A Grass elecrro

encephalograph was used. Uterine contractions

were inscribed by recording the intraurerine
pressure.  Fetal heart rate was also recorded.

The background EEG activity (recorded he-
tween uterin¢ contractions) had a frequency
of 2-3/scc and an amplitude of 50100 4V,
occasionally with superimposed faster activity.
Apparently spontancaus variations in the pat
rerns were observed.

Most of the uterine contractions provoked
consistent EEG changes, which consisted in the
apprarance of irregular, high-amplitude slow
waves ot 100-200 oV and 03-1 scc. These
changes were present in all the fetuses studied.
fetuses  exhibited
rhythmic epileptilorm activity, which also coin-

Some random angt/or
cided with the uterine contractions. In these
the newborn EEGs  also
epileptiform activity. This finding indicates that
the fetal epileptilorm activity ohserved duripg
labor was caused by abnormal brain conditions
that persisted in the newborn.

The changes caused in the futal EEG by
uterine  contractions may he explained by a

cases demonstrated

transicnt episode of ischemia of the fetal brain
due to cranial hypertension or deformation
(molding) of the fetal head. This interpretation
1s supported by the obstetrical conditions present
{rupturcd nembranes, advanced cervical dila-
tation, head deeply engaged in the pelvis), all
favuring strong compression of the equararial
zang of the fetal head by the uterine contractions,
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