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During uterine contractions there is often a fall in the fetal heart rate (FHR) 
resulting from vagus excitation by compression of the skull. We measured, 
simultaneously, amniotic pressure, intracranial pressure, and the FHR during the 
first stage of labor as well as under artifically induced high intracranial pressure 
conditions in 2 nonviable hydrocephalic fetuses. In both instances a fall in the FHR 
ensued at an average intracranial pressure of 55 mm. Hg. This fall was within 
physiotogic limits until the intracranial pressure reached 100 mm. Hg, 
but was of a fiathologic nature above this value. During contractions the rise 
of amniotic pressure was always greater than the rise of intracranial pressure. 
The intracranial pressure curve was not parallel to the amniotic Pressure curve 
and followed it after a delay of approximately 0.05 minute. These results provide 
evidence for a pressure regulating mechanism within the fetus. The nature of 
this mechanism is not yet known. 

IT IS K N o w N that during uterine con- 
tractions fetal bradycardia often arises. This 
was first observed by de Kergaradec in 
1822.8 Since then, this phenomenon has 
been described by numerous authors. It is 
caused by exerting pressure on the head of 
the fetus using either external or internal 
methods. Several theories have been pro- 
posed to explain this phenomenon.3-5* lo-l4 
The currently accepted theory is that the 
intracranial pressure increase resulting from 
uterine contractions brings about excitation 
of the vagus center and as a result the fetal 
bradycardia ensues either directly by pres- 
sure exerted on the vagus center or under 
the influence of the increase of pressure by 
a diminishing of the quantity or oxygena- 
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tion of the blood flowing through the center, 
or indirectly, by means of circulation re- 
flex.lp *, Q 

The extent of fetal intracranial pressure 
increase caused by uterine contractions is 
little known. It is characterized by the quan- 
titative effect exerted on the fetal heart rate 
(FHR) and the form of the intracranial 
pressure curve. 

In this communication we wish to present 
quantitative data on the intracranial pres- 
sure conditions of the fetus and the relations 
of the FHR during labor as well as under 
pathologic intracranial pressure conditons 
elicited artificially. 

Maferial and method 

Our investigations were carried out on 
hydrocephalic, nonviable, full-term fetuses 
during labor. 
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Fig. 1. Simultaneous recording of the intra-amniotic pressure, fetal intracranial pressure, and 
FHR during labor. 

Case 1. Mrs. G. P., 28 years of age, para 1, 

was admitted to our clinic with a term pregnancy 

in the first stage of labor. The membranes were 

intact and the cervical OS was dilated 3 cm. 
During the examination after admission, hydro- 
cephalus was suspected in the fetus, which was 
found to be in the cephalic presentation. This 
was verified by an x-ray examination which 
showed a large cephalopelvic disproportion on 
the part of the fetus which was judged to be 
nonviable. Therefore we decided to perform a 
fontanelle drainage on the fetus. 

Case 2. Mrs. M. I., 26 years old, para 2, was 
admitted one week before term in the first stage 
of labor. The membranes were intact and the 
cervical OS was dilated 4 cm. A previous x-ray 
examination had shown a gravely hydrocephalic 
nonviable fetus in a cephalic presentation. On 
account of the obvious cephalopelvic dispropor- 
tion and the nonviability of the fetus, we decided 
to carry out a fontanelle drainage in this patient 
also. 

In both patients a transabdominal am- 

niocentesis was performed and the intra- 
amniotic pressure was measured by means 
of a polyethylene catheter introduced into 
the amniotic cavity. Following this, a fon- 
tanelle drainage was performed through the 
vagina when the head was fixed at the pel- 
vic entrance. A polyethylene tube drawn on 
to the cone of the needle was employed for 

drainage. This was connected to the pressure 
transducer by means of a three-way stopcock. 
A syringe was connected to the free outlet 
of the three-way stopcock containing 100 ml. 
of sterile physiologic saline at 38* C. The 
pressures were registered by a “Galileo” ap- 
paratus” through an amplifier+ connected to 
a pressure transducer.$ The same apparatus5 
was used to register the FHR by means of 
direct fetal ECG, employing a Hon vaginal 
electrode6 (Fig. 1) . 

At the beginning of the examinations we 
found the cervical OS to be dilated 3 and 4 
cm., respectively. The examinations were 
continued until the cervical OS was 8 and 9 
cm., respectively. At this stage the cerebro- 
spinal fluid was drained 620 and 760 ml., 
respectively, whereupon the births took place 
spontaneously in both patients and resulted 
in stillborn fetuses. 

We were able, by means of the syringe 
connected to the three-way stopcock, to 
change the quantity of the fetal cerebro- 
spinal fluid within broad limits, and 

*Poliregistratore R 35gt, Offidne Galileo, Florence, Italy. 

tElettromanometro R 1552, Officine Galileo, Florence, 
Italy. 

SStatham Mod. P 23 AA, Statham Transducers, Inc., 
Hato Rey, Puerto Rico, 

BPreamplificatore per Elettrocardiografia Fetale, Offi&ne 
Galileo, Florence, Italy. 
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Fig. 2. Fetal intracranial pressure and intra-amniotic pressure during labor. 

.?ntmcmma/ 
pressure 

mmng 

f = 

2m 
.#SO 
.Mo 

yo 
.tsv 

-100 
‘do 
.60 
.lQ 
..m 

/ 

3ntraamn;otic 
p??ssU~ 
mmng 

80 

40 

0 j,, 
T/Mf mm&es 

Fig. 3. The effect of an artificial increase of fetal intracranial pressure on FHR. 
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thereby also the intracranial pressure 

(Fig. 1). 
During the first part of the examination, 

we measured simultaneously, the intra- 
amniotic and intracranial pressures caused 
by spontaneous uterine contractions and also 
the FHR. Then the intracranial pressures 
were increased artificially, and the resulting 
changes in the FHR were recorded. 

Results 

The changes in intra-amniotic and in- 
tracranial pressures during labor. In our pa- 
tients the intracranial pressures during labor 
and their changes are shown in Fig. 2. Dur- 
ing the uterine contractions, the intra-am- 
niotic pressure increase was followed in each 
patient by an increase in intracranial pres- 
sure. The resting pressure of the amniotic 
fluid was 9 to 12 mm. Hg and the intra- 
cranial fluid pressure was 29 to 33 mm. Hg. 
The average value of intensity (difference 
between maximum and resting pressures) 
of the intra-amniotic pressure was 46 mm. 
Hg, and that of the intracranial pressure was 
41 mm. Hg. It can be seen that during the 
uterine contractions the increase in intra- 
cranial pressure was less than the increase 
in intra-amniotic pressure. 

The intracranial pressure increase result- 
ing from uterine contractions did not coin- 
cide in time with the increase of intra- 
amniotic pressure, but followed it after a 
short delay. This delay or latent period was 
relatively constant in our patients. The time 
between the peaks of the 2 pressure curves 
was 0.05 minute (Fig. 2). 

The correlation between intra-amniotic 
pressure and FHR during labor. The brady- 
cardia arising in connection with the intra- 
cranial pressure increase described by 
Caldeyro-Barcia and associates2 was of dip 
type I’ (premature) and therefore within 
normal limits. After registering the intra- 
amniotic and intracranial pressures as well 
as the FHR using a fast chart speed of 12.5 
to 25 cm. per second, we found that during 
uterine contractions the FHR fell when the 
intracranial pressure reached or passed 52 
to 57 mm. Hg (average value 55 mm. Hg). 
At the same time the intra-amniotic pressure 
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Fig. 4. Relationship between feta1 intracranial 
pressure, intra-amniotic pressure, and FHR during 
uterine contraction. 

was 37 to 44 mm. Hg (average value 40 mm. 
Hg) (Fig. 4). 

The effect of an artificial increase of in- 
tracranial pressure on FHR. After increas- 
ing the intracranial pressure using the meth- 
od described earlier the following observa- 
tions were made: 

On slowly increasing the intracranial pres- 
sure between the uterine contractions, a fall 
in the fetal heart rate ensued at an average 
level of 55 mm. Hg. While the pressure re- 
mained below 100 mm. Hg, the fall in the 
FHR remained within physiologic limits. 

By increasing the intracranial pressure 
above 100 mm. of Hg (100 to 120 mm. Hg), 
we were able to bring about a fall in the 
FHR exceeding the physiologic limits in both 
of our patients. On keeping the pressure at 
this high level for 1 to 2 minutes the fall 
in the FHR continued for a short time, then 
the FHR became relatively constant at about 
60 beats per minute. 

On increasing the intracranial pressure 
from 120 to 200 mm. Hg, and then to 300 
mm. Hg, and maintaining it at this level 
for 1 to 2 minutes, we found that the FHR 
did not show a further fall or any other 
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change. On terminating this high intra- 
cranial pressure, the FHR returned to a 
physiologic value within 1 to 2 minutes. 

These results are shown in Fig. 3. 
These experimental observations were re- 

peated a number of times during the period 
of the investigations which were 2 hours and 
1 hour, 20 minutes for these patients. 

Comment 

Despite the fact that the FHR and intra- 
amniotic pressure showed no pathologic de- 
viation at the beginning of these investiga- 
tions, we have to take into account that 
these results were obtained from fetuses suf- 
fering from relatively grave hydrocephalus. 
Since we do not know whether the changes 
found under these experimental conditions 
are valid for healthy fetuses, we must be 
cautious about drawing conclusions from 
our findings. Hypoxia and an increase in 
intracranial pressure are accepted as factors 
responsible for fetal bradycardia during 
labor. This effect is mediated by vagus ex- 
citation.lp 7p B 

In our patients, an average level of intra- 
cranial pressure of 55 mm. of Hg was the 
limit at which the fall in FHR began. This 
occurred whether the pressure resulted from 
an increase in intra-amniotic pressure during 
uterine contractions or from administration 
of physiologic saline between the uterine con- 
tractions. The FHR decreased with increas- 

ing intracranial pressure until this pressure 
was 120 mm. Hg. At this or greater pres- 
sures, the FHR showed no significant 
changes and there was severe bradycardia. 
This phenomenon can be explained as fol- 
lows: the excitation of the vagus center in- 
creases up to a certain point as a result of 
the increase in the intracranial pressure, and 
above this value the vagus excitation remains 
constant keeping the FHR at a constant low 
level. 

In our patients, probably as a conse- 
quence of the grave hydrocephalus, the in- 
tracranial resting pressure considerably sur- 
passed the intra-amniotic resting pressure 
(29 to 33 mm. Hg and 9 to 12 mm. Hg, 
respectively) whereas the pressure increase 
resulting from the uterine contractions al- 
ways remained below the increase in intra- 
amniotic pressure (41 mm. Hg and 46 mm. 
Hg, respectively). 

This, as well as the fact that the intra- 
cranial pressure increase followed the intra- 
amniotic pressure increase by a delay of 
about 0.05 minute leads us to suggest that 
the pressure is not transmitted passively to 
the cerebrum of the fetus. The fetus appears 
to respond actively to the pressure increase 
as if defending itself against it. I f  the fetus 
possesses such an active regulatory capability, 
the task of future investigations will be to 
elucidate the nature and location of this 
mechanism. 
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