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PRESSURE EXERTED BY UTERINE CONTRACTIONS ON THE
HEAD OF THE HUMAN FETUS DURING LABOR'

R. L. Schwarez, G. Strada-Saenz, 0. Althabe, ). Fernandez-Funes,

and R. Caldeyro-Barcia?

ingelman-Sundberg ez af. (12} and Lindgren
{14, 15, 16) have reported that under certain
conditivns during labur the pressure exerted
by utcrine contractions on the fetal head may
be two to four tmes higher than that exerted
on the amniotic cavity at the same time.
Schwarez and Salaber (18) reported that manual
compression ot the fetal head through the ante-
rior ahdominal wall against the promontorium
caused a sudden and marked fall in fetal heart
rate (IF11R), which was perceived by clinkal
auscultaten—a finding confirmed by many au-
thors and recently studied with peeater precision
hy means of the electronic record of FHR by
Hon (1), Chung and Hon (7), and Arellano-
Hermindez e al. (7). These falls in FHR
are mediated by the vagus nerve, since they
are completely blacked by atropimization of the
ferus (17).

DNuring advanced labor, particularly after rup-
ture of the membranes, cach uterine contraction
may cause a transient tall in FHR (dp 1}, which
1 sunultancous with the contraction in such a
way that the bottom of the dip I coincides
with the peak of the contraction (5). It has
been postulated {5, 6} that each dip T is caused

1 This study reecived support fram grant PR/URU/
410] of che Pun American Health Organization/World
Health Organization. and from grant HD 00222-06 of
the National Institute of Child Health and Human
Development, Bethesda, Maryland, U.S.A.

* Presentecdd Ty Tor Rehwarce.

by a strong compression exerted on the fetal head
by the cosrespunding uterine contraction, Ce-
phalic compression would produce vagal stimu-
lation. [2ips 1 have similar characteristics to
the “carly decelerations” described by Hon and
Quilligan {11), who have postulated the same
pathogenic mechanism.

The purpose of the present paper is w record
and measure the compression received by the
fetal head during each cterine contraction, cor-
relating it with the nse in amniatic pressurc
and the amplitude of the dip 1 (if present)
caused by the same contraction.

Methaods

This study was made in I8 normal, term preg-
nant women during labhor, with vertex presenta-
tion. The pressurc received by the fetal head
during labor i5 recorded by means of three Rat
pressure receptors, which are intraduced berween
the uterine cervix and the fetal head (Figure 1)
outside the ovular membranes (12, 18, 20).

Each tambour
(Figure 2) formed by two latex membranes,
which are glued to the edges of a cireular
hole on a thin plastic blade, The diameter of
each receptor is 15 mm, and the distance be-
tween the centers of two consecutive receptors
1s 30 mm. Each receptor is filled with water and

pressure  receptor is a fat

<onnected to a recording pressure transducer
by a thin polycthylene tube. The three re-
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Fioure 1. Method of recarding pressure beiween fetal
head and birth canal with three receptors.

ceptors are centered in line on the blade; they
are known as "upper,” “medium,” and “lower”
according 1o their position in relation to the
uterus. The plastic blade—100 mm long, 30 mmn
wide, and § mm thick—is very flexible.

The hiade is introduced between the mem-
and the uterus toward the fundus
(Figure 2)}. One surface of the receptor touches

branes

the jower polc of the amniotic sac (eventually
the fetal head) and the other faces the uterine
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Fiwure 2. Detailed diagram of pressure receptors in-
wrted between fetal head and uterus (see also Figure 1},

wall. 'The lower end of the blade is sutured to
the uterine cervix at the external os (Figures 1
and 2).

The posttiun of the receptors relative o the
teral head is determined by radiology; it changes
with the progress of cervical dilatation or with
the station of the fetal head. As labor progresses,
there is a relative displacement of the blade and
receptors fram the vertex toward the hase of the
fetal head (Figuores 5 and 7).

The intrauterine (amniotic) pressuce is re-
corded by means of a catheter introduced
through the abdominal and uterine walls iato
the amniotic sac (2) and connected o a pres-
surc transducer. The FHR is recorded by mceans
of an instantaneous cardiotachometer triggered
by the feal electrocardiogram (3). The ECG
is abtained almost free of maternal interference
by means of electrodes inserted under the skin
of the fetws in either the huttock (7)), the
scalp, or both (8§). The amnictic pressure, the
FHR, and the pressures between the fetal head
and birth canal are all inscribed on the same
recording paper (Figures 3, 4, 6, and 8) 1o
facilitate the study of their interrelations. The
fetal EEG 15 alse recorded, as will be reported
at this meeting by Garcia-Austt e al. (9).

beats/min FETAL HEART RATE

150—— ———
130f t AMPLITUDE OF
110 TYPE I DIP
mm Hg
80
o AMNIOTIC
20 PRESSURE
0
80 PRESSURE N
60 RECEPTOR
40 BETWEEN
20 FETAL HEAD
0 AND UTERUS

Ficurr 1. Method of muasuring amplitude of type 1
dips andd rise in pressure cavsed by cach uterine contrac-
tien 10 severa] simultaneous tracings.
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Results

Correlation between cephalic compression and
ammot:lc p?’f.ﬁ'“rf

During each uterine contraction, the pressure
recorded by the cephalic receplors rises almost
simultaneously with the amniotic pressure (Fig-
ures 3, 4, 6, and ¥). The amplitude of the
rise is measnred i cvery tracing for each con-
traction (Figure 3). The pressure rise in each
cephalic receptor is plotted against the corre-
sponding rise in the amniotic pressure (Figures
5 and 7). Far any given periad of labor in which
the cervical dilatation and station remain un-
changed, a given direct linear relationship 1s
found bctween the pressure in each cephalic
receptor and the amniotic pressure (Figures 5
and 7). The correlation coeflicients (r) are very
high—0.95 or more.

When the receptors are displaced and change
their posttion relative to the fetal head (as a
consequence of the progress of cervical dilata.
tion or of the station), a new linear correlation
is established between the pressure in each
cephalic receptor and the amniotic pressure, the
value of the intercept and of the regression
coetheient changes depending on the new relative
position of 1he receptor (Figures 5 and 7).

When a cephalic receptor is more than 2 cm
above or below the equator of the fetal head,
the pressure it records at the peak of each
uterine contraction is very similar to that in
the amniotic cavity (Figures 5 and 7)., When
the recepror 1s displaced and comes closer to

the equator of the fetal head, the pressure it
records at the peak of the contraction becomes
higher than chat in the amniotic sac. The
ratv {pressure in cephalic receptor/amniotic
pressure) is higher than 1 and is significantdy
different (p<0.001) from that for receptors dis-
tant from the equator (Table 1). This is clearly
shown in Figures 5 and 7, where the regression
coeflicients corresponding to receptors near the
cephalic equator are higher than those for recep-
tors distant from it. For example, in Figure 5C
the lower receptor (at the equator) records much
higher pressures than the other two.

The difference in pressure between the re-
ceptor near the equator and those distamt from
it has been found both when the membranes
are intact (Figures 5A) and when they are
ruptured {Figures 5B and 5C). However, the
greatest pressure differences have been observed
after rupture of the membranes {Figure 5C).
In Figure 8, the pressure at both receptors
{medium and lower) is always greater than
the ammotic pressure, but the exact relationship
between each receptor and the amniotic pressure
varies according to the stage considered., In
scction A, the pressure at the medium receptor
is approximately 2.6 times greater, In section B,
the pressure at the lower receptor is approvi-
mately 2.5 times greater than the amniotic
pressure; at the medium receptor it is a little
less than at the lower receptor, though siill
preater than the amniotic pressure. In section C
(ending in delivery of the newborn), rhe pres-
sures at the two receprors are practically iden-
tical; both are much lower than those recorded

TaeLe 1. Analysis of variance of the ratio between pressure in cephalic receptor ® and amniotic

pressure
SOURCF. DF SUM OF DEGREES OF MEAN
VARIATION SQUARES FREFDOM SQUARES Fo, veg =771
Between groups 177551 1 17.7551
Within groups Fa. w=212442
Between perinds 3.3351] 4 0.8338
Within perids 8.4726 164 0.0590
30.762% 185

" Comparisnn hetween data obtained from the receptor near the cephalic equator and those
distant fram it in recard No, [475, illustrated in Figures 4 and 5.
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FiourRE 4. Three segmenss uf record obtained during spomtanesus labor at term pregmancy (newborn weight

3,320 g, Apgar seore 9). Multipara in supine position.

Vertex presentation. In A, pressure tracings recorded

fratn rceeptors placed between foal head and birth canal are not much differeat from tracing of amniotic
pressuie. In B and C, after rupture of membranes, uterine contractions cacit much higher pressures on 1e-

ceptors near equatar of feral head (scc Figure 5% than on amniotic cavin.

Record 15 guaputatively analyzed in Figure 5.

in section BB and only 1.3 times grearer than the
correspending amniotic pressure.

These resules are interpreted as follows: In the
three sections (A, B and C), both receptors are
near the cephalic equator and thus record higher
pressurcs than the ammiotic, Tn section A, the
cephalic equator is nearer the medium receptor.
Upon the descent of the presentation (section
B}, the cephalic equator gets nearer to the lower
receptar, which thus records the highest pres-
sures. When the descent of the head is com-
pleted (section C), both receptors are above the
cephalic equator; this cxplains the relative reduc-
tion in the pressurc they record.

Corvelation between cephalie compression and
d:p: !

If the frtus is not suffering from systemic
hypoxia and acidesis, uterine contractions cause

Typc 1 dips appear in FHR tracing.

no changes in FHR as long as the pressurc
received by the fetal head during each uterine
cuntraction 1s ot much higher than the amnictic
pressure {Figure 4A}. Under these conditions
the FHR tracing shows the normal “rapid”
oscillations, the baseline is clese to 140 bears/
min, and there are no dips 1.

When the compression exerted by vne uterine
contraction on the feral head is much higher
than that on the ameiotic cavity, & transient
fall {dip I} occurs in FHR (Figure 4, sections
B and C; Figure 6, sections A z2nd B; and
Figure 8). In Figure 6C, uterine contractions
cause dips T even though there are no differences
between the amniotic pressure and that recorded
by the cephalic receptors. However, these re-
ceptors are above and distant from the equator
(Figure 7C) and thus do not report the maximal
pressure received by the fetal head.
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CERVICAL LENGTH 15c¢m 1.0 cm Ocm

Fiounr 5. Upper half:

correlation between pressure on cephalic receptors and in amnpiotic cavity measured at

peak of each uterine contraction (Figure 3). A, B, and C refer to three periods illustrated in Figure 4, Dia-
grams 10 lower half of higure show, for cach period, position of receptots in relation to fetal head.
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Figunk 6, Three segments of record obtained during {abor induced with oxyvtocia infusion at term pregnancy (new-

barn weight 3,460 g, Apgar score 6). Membranes wer
of fetal head (upper receptor in Section A and lowcr
amniotic cavity. In section C bath receptors are distant
to those in amniotic sac.
in Figure 7.

The greater the pressure exerted by the uierine
contraction on the fetal head, the larger the
amplitude of the corresponding dip I in FHR
(compare sections B and C in Figures 4 and 5).
In Figure 8 almost every uterine contraction
causes a dip 1. Several contractions cause, In
addition, a dip ll—that is, a second transicnt
fall in FHR recorded imemediately after the
dip [ Dips I will not be discussed in this paper.
The amplitudes of dips I arc larger in section B
of Figure 8§ than in sections A and C, prabably
because in section B the fetal head was receiving
a stronger compression than in sections A and C,
as 15 shewn by the corresponding cephalic pres-
SUre l'('CCthrS.

Figure % shows the direct linear relationship
present in record No. 1475 between the ampli-
tudes of dips T and the pressures recorded in the
cephalic receptors at the peaks of the carrespond-

¢ ruptured ar hour 12:30. Receptor placed necar equator
receptor in section B) record pressure higher than that in
from cephalic equator, and pressures recorded are similar

Uterine cantractions causc dips I in all 3 scctions. This record is guantitatively apalyzed

ing uterine contractions. When this pressure was
higher than 50 mm Hg, almost every contraction
caused a dip I in the FHR tracing,

Discussion

Relation between amnionic pressure and cephalie
compreision

Our results confirm Lindgren’s report (14, I5,
16) that under given conditions the pressure
exerted by uterine contractions on receptors
placed between the fetal head and the uterine
wall may be much higher than the pressure
in the ammiotic cavity. They alse cenfirm Lind-
gren’s statement {14, 15) that the recepror
placed at the equator of the fetal head is the
one that records the highest pressure.

The ratic {pressure in cephalic receptor/
amniotic pressure) is much higher in Lindgren’s
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Froure 8. Record abtained during last 40 minutes of
normal spontaneaus labor at term pregnaney [newborn
weight 3,375 g, Apgar scorc 8). Membranes were rup-
turedd at hour 2:45. In section B, utcrine conmtractions

cause very strong cnmpressions of cephalic receptors (up
to 200 mm Hg) and dips 1 of very large amplitude. In
sections A and C, pressure recorder! by cephalic receptors
ansl ampluode of dips T are smaller than in section B.

results (16) than in thase reported here, even
for stmilar obstetrical conditions (Figure 10).
Whereas we found a lincar relationship between
the pressure in the cephalic receptors and the
amniotic pressure, Lindgren finds (/6) that
when the ampiotic pressure increases heyond a
certain limit, the linear relation is lost, since
the pressure in the cephalic receptor dees not
risec accordingly. These discrepancies may be
due to differences in the type of cephalic pres-

sure receptors employed.

Pressure requived ro produce dips |

The correlatian found between the pressure in

AMPLITUD OF THE DIPe ieats frrant
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FETAL HEAD AHC BIRTH CaAMAL ~mHg
cuae 9. Correlation between amplitude of type [ dips
i FHR tracing and pressure received by foral head at
peak of corsesponding uterine contraction.  Rest-frted
hne and 95 per cene canfidence belt are shown.,
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Ficunry 10, Gomparison of resuelts presented in this paper
with those previovsly reparted by Lindgren (16).

the cephalic receptors and the amplitude of dips
I (Figure 9) is in accord with the hypethesis
(f) that these transient falls i FHR are caused
by a strong compression exerted by the uterine
contraction on the fetal head. To cause a dip [,
the cephalic compression should be greater than
40 mm Hg (Figure 9). This value agrees with
thase recorded by Arcllane e al. (1) employing

similar cephalic receptors; when a  transab-

[ TRenssmDOMINAL COMPRESSIDN OF THE FETal HEAD 5 w u12

mmHg
ED

PRESSURE IN THE 7
CEPHALIC RECEPTOR =1
PR T

lat/mun __
woe . |
uzniﬁl' l'

FETAL HEART RATE

i
] 15 0 s B % 3 0s i

135 sacands

Ficore 11, Manuzl compression of feta] head through
abdorminal wall causes pressure rise o receptor placed
hetween hrad and uterine wall. When pressure reached
6} mm 13z, FHR fell abruptly. Compression caused rise
of 20 mm Hlg in amniotic pressurc. Dunng manual
compressich, 4 utcrine contraction startcd and reached
peak about 10 sec after end of compression, causing nisc
of 30 mm Hg both in amnmtic pressure and cephalic
pressure receptor but no cffect on FHR {after I).
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dominal manual compression was apphed o
the fetal head, the cephalic receptor indicated
a pressure higher than 5060 mm Hg beforc the
fall in FHR was produced (Figure 11}, Some-
what lower values (30-40 mm Hg) were ob-
tained by Chung and Hon (7) with direct
compression of the fetal head by the vaginal
Kclly (73) estimated that when the
amniotic pressure is 40 mm Hg the fetal head

rautc.

would be supporting a force of 11 pounds.
assuming the head to be spherical and to have
a Jiameier of 10 cm.

Consequences af cephalic compresiton

Cramal hyperiension and cercbral tschemia.
Since the bones of the fetal skull are not fused,
i is natural 1o assume that compression on the
fetal head will produce cramiai hypertension
(Figure 12). The correlation between intra-
ceantal pressure and pressure in the recepror gut-
side the fetal head was studied by simultaneous
recording in the same fetus, Intracranial pressure
was recorded in 1 dead fetus by introducing a
catheter into the feal head, which was punc-
tured through the sagittal svrere, Figure 13
shows that there is an aceeptable correlation be-
tween direct intracranial pressure and the record
obtained with the cephalic pressure receptors.
In g hiving fetus, increased intracranial pressure
may result in reduced blood flow through the
beain, The resulting hypoxia and hypercapnia
of the central nervous system would stimulate
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Ficure 12. Pathophysiology of fetal disturbances result-
ing from cephalic comnpression produced by uterine con-
tractions (wiorking hyprothesis).
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sure obtuined n dead ferws ar 36th woek of pregnancy
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cephalic pressure cavsed by wierine contractions are simi-
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tar to thase reeorded by pressure receptor placed bevween
fetal head and uterine wall.

the vagus center and contribute o dips T ( Figure
12}. The complete disappearance of dips 1 after
fetal atropinization is in accord with the hypo-
thesis (5, 6) postulating that increased vagal tone
is the mechanisin involved in their pathogenesis.
A tranoent cereheal ischerua can also explain the
changes obscrved in the fetal electroencephalo-
gram (slow waves of high voltage) (9) occur-
ring during the peaks of strong wierine contrac-
tons that also produce dips T (Figure 12).

Cephulic deformauon. Even in norma! <on-
ditions, the compression of the equatorial zone
of the feral head is stronger than 1n other areas
{(76) and may cause a deformation (molding)
of the head (Figure 12). Borell and Fernstrom
{2) have shown radiologically that during labor
the parietal banes are usaally “disaligned”—that
is, more prominent than the occipital and frontal
bones (Figure 14A). It should be recalled
that the larger portion of the parictal bones are
in a zone distant from the equator—that is, one
that receives a lower pressure. The frantal and
occipiial hones are in the equaterial zone, receive
a stronger compression, and are relatively de
pressed inward (Figure 14).

The deformation of the head may stimulate
cephalic mechanoreceptors, wlich may elicr 2

reflex vagal stimulation and thus contribute to
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EXCESIVE MAULIING
PFROGUCING BY WTFERITRNUS
OF THE LOWER PARTS
UTERUS

NJAMAL MO O hG

Fieture 14, Molding of feial head during labor. In nor-
mal conditions {A), paneral bone is moderately displaced
outward and disaligned in relation to occipual 2nd frontal
bones. [n abnormal conditions (B), parictal dsiplacement
becomes more prapounced, with great bony disalignment
more marked at lambdoid suture. {Drawn after radio-
logical pictuses from Horell and Fernstrém.)

the pathogenesis of dips 1 (5, 17). By distorting
cercbral vessels, cephalic deformation may addi-
ticnally aggravate cerebral ischemia caused hy
increased intracephalic pressure (Figure 12).

Facrors facilitating cquatorial compression and
deformation of the fetal heud

Hypertonus of the lower uterine segment.
The abnormal increase in the tone of the lower
uterine segment  (hypertonic lower segment,
“spasm,” inversion of contractile gradient) (4)

1
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Ficure 13, Hypertenus of lower uierine segment, Rec-
ord obtained during labor at term pregnancy. Cervical
Jilatation 15 5 ¢ Vertex presentation in LOA, sta-
ton -1. Upper cephalic receplor shows augmented con-
tractility and tonus of lower part of uterus.

augments the compression on the equatorial zone
(15) and magnifies the deformation of the fetal
head {2) (Figure 14B}. One cxample of in-
creased tone and contractility of the lower part
of the uterus is shown in Figure 15. The record
obtaincd by the upper cephalic recepror shaws
much more contractile activity and higher pres-
sures than the lower cephalic receptor or the
amniotic pressure record.

Rupture of the membranes. When the mem-
hranes are intact and the fetal head is completely
surrounded by amniotic fluid (Figure 16A},

INTACT MEMBRANES
FLOATING HEAD
EVEN PRESSURES
NO MQULDING

DIPS I ABSENT

INTACT MEMBRANES
HEAD FITS TIGHTLY
UNEVEN FRESSURES
MODERATE MOULDING
DIPS I ABSENT OR SMALL

RUPTURED MEMBRANES
HEAD FITS TIGHTLY
VERY UNEVEN PRESSURE
MARKED MOULDING
LARGE ©IPS T PRESENT
SLOW WAVES IN EEG.

Ficure 16, The three hydrostatic conditions o which fetal brad may be during labor. In A there 1s no deformation
of the fetal head: sn B, only moderate molding; in C, marked Jeformation.
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the pressure received is the same in all areas of
the head.
is no cephalic deformation. Blood flow through
the hrain is not disturbed, because the rise In
cephalic pressure is similar to thac vecurring in
other body fuids of the fetus, including the
arterial  pressure.

During uterine contractions there

Dips I are not produced.

When the equatorial zone of the head is in
contact with the uterine wall {Figure 16H8), this
zone rcceives a higher pressure than the re-
maining areas of the cephzlic pole. However, it
the membranes are intact, scine counterpressure
will be exerted by the torewaters on the pariceal
hone, preventing excessive disalignient and
mclding.

This counrpressure  markedly  diminishes
after the rupure of the membranes (Figurc
16C), facilirating the bulging of the parietal
bone. Molding is increased even further because
the pressure on the equatorial vone augments
after rupture of the membranes (74). The risc
i intracranial pressure will be higher than that
in amuniotic pressure (and in fetal arterial pres-
sure), with a consequent reduction in blond flow
through the fetal brain. [t follows that the
rupture of membranes may facilitate cerebral
ischemia and deformation of the fetal head by
uterine contractions and thus the production
of dips 1.

Fetal bratn damage

It is Jogical 1o assume that a repetition of
successive cpisades of cerebral ischemia and also
the deformation of the brain may lead to
permanent damage of the central pervous sys-
tem of the fetus. This subject has not yet been
properly in\-(‘stigatcd, afrhough it deserves high
priority. If cerebral damage nay result from
this mechanism, ohstetricians should be very
cautious before deciding to perform the rupture
of membranes.

Summary

The pressure exerted by uterine contractions
on the fetal head was recorded during laber

by means of flat pressurc receptors introduced
hetween the uterine wall and the fetal head,
outside the membranes. Simulareous records
of amniotic pressure and fetal heart rate werc
obtained.

Each uterine contraction produced a com.
pression of the fetal head equal to or greater
than the pressure rise caused in the amniotic
cavity, depending on the obstetrical conditions.

For each period of labor and for each given
receptor, there is a direct linear relationship be-
tween the pressure recorded by thar secepror
and the amnijotic pressure. The receptors placed
ncar the equator of the feral head record higher
pressures than these at a greater distance. In
the latter the pressure is cqual lo the amniotic
pressure, whereas in the former the pressure neay
be up to 2.5 times higher than the amniotic
pressure.

The stronger compression exerted by uterine
contractions ¢n the cquatarial zohe causes 3
deformation of the fetal head. This molding 15
usually characterized by bulging of the parietal
bene because it receives less pressure than the
ocapital and frontal bones at the equatorial zene.

During each uterine contraction, the intra-
cephalic pressure increases and the cercbral blood
Aow is consequently reduced. The transien
cerebral ischemia stimulates vagal tone and
causes a temporary fall in tetal heart rate (dip 1),
which 15 simultaneous with the contraction.

Rupture of the gvular membranes increases
the compression at the equatorial zone, di-
minishes the cuunterpressure ac che parictal bone.
facilitates molding of fetal head, and increases
the production of type 1 dips. The possible
damage to the fetal brain resulting from is-
chemia and deformation deserves further mvess.
gation.
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