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The lack of accurate information on the conditions of the fetus is 
one of the major obstacles in contemporary obstetrics. The contin
uous recording of fetal heart rate (FHR) demonstrates that this phys
iological variable is a very sensitive indicator of the changes occurring 
in the fetus (HoN [1958]; CALDEYRO-BARCIA [1958]; CALDEYRO
BARCIA and PosEIRO [1959]). However, the very incomplete under
standing of the mechanisms causing the changes in FHR during labor 
and of the meaning of these changes (HoN [1960]) prevents the 
obstetrician from taking full advantage of this source of information. 

The research work presented in this paper is part of a project which 
attempts to bring about a better understanding of the mechanisms and 
meaning of the changes of FHR and thereby, to contribute towards 
the establishment of scientific bases for the rational use of FHR for the 
evaluation of the condition of the fetus. 

1 This work was aided hy grants of the Rockefeller Foundation and the Josiah 
Macy J r. Foundation, New York, and bya PublicHealth Serviceresearch grant, NB-03635-02 
from the National Institute of Neurological Diseases and Blindness, Public Health Ser
vice, Bethesda, Md., U.S.A. 

2 Under a fellowship granted by the Rockefeller Foundation. 
3 Under a fellowship granted by the Organization of American States. 
4 Under a fellowship granted by the Ministry of Health and Public Service, Venezuela. 
5 Under a fellowship granted by the National Institutes of Health, U.S.A. 
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268 Caldeyro-Barcia, et al. 

Methods 

I. The Fetal Heart Rate (FHR) 

The FHR is usually expressed by the number of beats per minute. 
Since the FHR changes from one beat to another, the FHR measured 
per minute represents an average value. 

The instantaneous FHR is the reciprocal of the time interval between 
every two heart beats. If the time interval is measured in fractions of 
a minute, the figure of FHR thus obtained indicates the number of 
beats which would be performed in one minute if the heart rate were 
constant. 

Method of recording FHR. The time interval between heart beats 
is electronically measured by a cardiotachometer1 which also calculates 

1 Model G.P. 1 manufactured by George Pantle, Electrolab, Montevideo. 

0 6 12 18 30 36 42 48 54 60 66 72 SECONDS 

Fig. 1. Original tracing which illustrates the method cmployed for recording the instan
taneous FHR with a cardiotachometer. The R wave of the fetal ECG is the signal feeding 
the cardiotachometer. The longer the interval between the R waves, the lower is the 
instantaneous FHR and the tracing recorded by the tachometer drops. The speed of the 
paper in this record is 10 times faster than in figs.3, 4, 5, 6 and 7. There are "clips", one 
coinciding with the peak of the contraction and the other during the end of the phase of 

relaxation. 
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Effects of Abnormal Uterine Contractions on a Human Fetus 269 

the corresponding FHR and feeds an analog recorder (Sanborn Poly 
Viso) which gives a continuous tracing of the instantaneous FHR 
(fig. 1). The tachometer is fed by the R wave of the fetal ECG. In 
order to obtain a fetal signal of large amplitude and to reduce inter
ference from the materna! ECG, a very thin platinum wire electrode 
is inserted under the skin of the buttock of the fetus by transabdominal 
puncture through a number 18 needle. The wire is insulated except 
at the interna! end, where it is bent to form a hook. The other elec
trode is placed on the skin of the materna! abdomen. 

Ana!Jsis of the record of FHR. The Basal FHR is the average rate 
recorded between uterine contractions (fig. 2). Each uterine contrac
tion may cause a transient fall of FHR ("clip"). The Minimal FHR is 
that recorded at the bottom of the "clip". The Amplitude of the "clip" 
is the difference between the Basal and the Minimal FHR. 

The Total Duration (T) of the "clip" is the time interval during 
which the FHR remains below a level 6 beats/min lower than the 
Basal FHR. (T) can be divided into two parts: the duration of the 
descending limb (D) and that of the recovery (R). (T)120 and (T)100 

are the durations of the "clips" below 120 and 100 beats / min respec
tively (fig. 2). 

beats/ min 
160 -

140 -

FET AL HEART RATE 

120 - - ---- t+---,1---+---',-~ 

100 -

mm Hg 
60 -

50 -

40 -

30 -

20- '-r--~ 

10 -

PRESSURE 

0- '----L------- ---------
60 120 180 240 300 seconds 

Fig. 2. Diagram illustrating the method used for analysis of the tracing of FHR and its 
relations with uterine contractions. 
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270 Calde yro-Barcia, et al. 

The Lag lime (P) is the time interval between the peak of the con
traction and the bottom of the "dip". 

IL Amniotic Pressure 

A thin polyethylene catheter is introduced through the anterior 
abdominal wail into the amniotic cavity. The catheter is connected to 
a Physiological Pressure Transducer (Sanborn) which is linked to an 
analog recording system (Sanborn Poly Viso), which records the 
pressure of the amniotic fluid (CALDEYRO-BARCIA and AL VA REZ [19 52]). 
This pressure is proportional to the tension of the uterine wall and its 
record permits an accurate study of uterine activity. 

Uterine tonus is the lowest pressure recorded between uterine con
tractions (fig. 2). To measure the tonus, the level of the intra-abdominal 
pressure is adopted as the zero of the scale of pressures. The intensiry 
of a contraction is measured by the rise in amniotic pressure caused 
by the contraction. The addition of the tonus plus the intensity of 
the contraction is equal to the Maximal Pressure developed by the 
contraction. The lnterval between two contractions is measured in 
seconds by the time interval between the peaks of the contractions. 

Material 

The effects of uterine contractions on FHR may be influenced by 
several factors, like the position of the cord (loops around the neck, 
shoulder or body), the status of the membranes (intact or ruptured), 
the station and position of the fetal head, the magnitude of cervical 
dilatation, the condition of the placenta and of the fetus, the position 
of the parturient woman, the circulatory condition of the mother, the 
analgesia administered, etc. The possible influence of ail these factors 
should be born in mind when studying the effects of uterine contrac
tions on FHR. In the case selected for analysis in this paper, 71 uterine 
contractions and FHR were recorded simultaneously and uninter
ruptedly during a period of two and a half hours, when ail the other 
factors mentioned above, except one, remained constant. 

The patient was 22 years old, primigravida, at full term pregnancy, 
and had a moderate polyhydramnios. The fetus was anencephalic. At 
the beginning of the record of amniotic pressure (zero hour of the 
record) the uterine cervix was effaced and 2 cms dilated. The spon
taneous uterine contractions developed a maximal pressure of 40 to 
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Effects of Abnormal Uterine Contractions on a Human Fetus 271 

50 mm Hg. After withdrawal of one liter of amniotic fluid (hour 3) 
the Maximal Pressure became abnormally high, surpassing 70 mm Hg 
(Hypersystolia). At 4.30 cervical dilatation had reached 5 cms. At 
4.50 the record of FHR was started and during one hour and 20 min
utes the effects on FHR of the strong and regular spontaneous uterine 
contractions were recorded. During this period, the frequency of 
uterine contractions was normal (interval between contractions longer 
than 120 seconds). 

A little after hour 6.00, the continuous intravenous infusion of 
oxytocin was started at the rate of 4 mU / min and continued during 
37 minutes. The infusion rate was then increased to 8 mU / min and 
maintained for 19 minutes, and then increased to 16 mU / min and 
maintained for 17 additional minutes (see fig. 8). Oxytocin caused 
further increase of the Maximal Pressure developed by uterine con
tractions and shortened below 120 seconds the time interval between 
the contractions (Tachysystolia). The uterine tonus rose above 12 mm 
Hg (Hypertonus). The fetus <lied one hour and 15 minutes after the 
onset of the infusion of oxytocin. 

During the two and half hours in which FHR was recorded, cer
vical dilatation remained at 5 cms, the position and station of the fetus 
did not change, the membranes remained intact, and the mother 
remained in supine position. The maternal arterial pressure (recorded 
directly with a catheter introduced into the femoral artery) had the 
same values throughout the record, namely 110/70 mm Hg between 
uterine contractions, rising to 130/80 mm Hg at the peak of each 
uterine contraction. The only important variation in the condition 
of the study was the injection of Demerol (100 mg) and Promazine 
(50 mg) made intramuscularly 18 minutes before the death of the 
fetus (see fig. 8). 

Thirty minutes after fetal death, the membranes were ruptured 
artificially and cervical dilatation progressed and was completed in 
two hours. An anencephalic stillborn of 2100 g was delivered, covered 
with fresh meconium. The placenta and the umbilical cord were 
normal and no loops of the cord were noticed. 

It may be questioned whether it is valid to apply to normal fetuses 
the information obtained from this anencephalic monster. However, 
the response of this monster to uterine contractions is similar to that 
recorded in other fetuses which were clinically normal. The very 
special interest of the present case lies in the fact that it was possible 
to stimulate with oxytocin the uterus beyond normal limits and to 
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272 Caldeyro-Barcia, et al. 

study the effects on FHR of uterine contractions of excessive intensity 
and frequency. These contractions caused fetal distress which led to 
intrauterine fetal death. Obviously, such studies cannot be performed 
in normal fetuses. 1 

ResHlts 

We shall first describe the effects of different types of abnormal 
uterine contractions on FHR. Then a quantitative analysis of the 
relationship between the contractions and the changes in FHR will be 
made. 

I. Effects of Abnormal Contractions on FHR 

1. Effects of Hyper.rystolia 

These effects are studied from contraction 168 to contraction 198 
(fig. 8). The Maximal Pressure developed by the contractions is higher 
than 60 mm Hg (Hypersystolia), with an average value of 73 mm Hg. 
Uterine tonus is normal (average value 8 mm Hg). The intervals be
tween contractions are normal (i.e. longer than 120 seconds), having 
an average value of 135 seconds. These intervals show only small 
variations because the rhythm of the contractions is quite regular. 

5:20 5:25 5:30 hours 

Fig. 3. Effects on FHR of uterine contractions of abnormally high intensity (Hyper
systolia), regular rhythm and normal intervals. 

1 The record(# 719) was obtained by Doctors H. Alvarez, R. Caldeyro-Barcia, J. J. 
Poseiro, S. V. Pose, Y. Sica-Blanco, L. Cibils, V. Gonzalez-Panizza and G. Pantle. 
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Effects of Abnormal Uterine Contractions on a Human Fetus 273 

All the contractions caused "dips", perhaps because of the Hyper
systolia (figs. 3 and 8). After each "dip" the FHR fully recovered the 
normal value of Basal FHR (140- 150 beats /min) because the intervals 
between contractions are sufficiently long (more than 120 seconds) 
(see figs. 3 and 8). Twenty four out of 31 "dips" were simple, i. e. 
formed by a single drop of FHR (like the "dips" corresponding to 
contractions # 183, 185 and 186 of fig.3) . The remaining 7 "dips" 
were double or triple, i. e. composed of several drops of FHR like 
those corresponding to contractions # 179, 180, 181, 182 and 184 
of fig. 3. 

The amplitude of the "dips" ranged from 20 to 40 beats /min 
(figs. 3 and 8). The Lag time (P) ranged from 20 to 40 seconds and 
exhibited a slight tendency to increase progressively (figs. 3 and 17). 
The total duration (T) ranged from 40 to 80 seconds (fig. 3) and can 
be divided into two halves, more or less equal in length, corresponding 
to (D) and (R). 

In 24 out of 31 "dips" the minimal FHR was lower than 120 beats/ 
min (fig. 8) and T 120 ranged from 20 to 50 seconds (fig.14). Only 10 out 
of 31 "clips" had a minimal FHR lower than 100 beats / min (fig.8) 
and the T 100 ranged from 5 to 20 seconds (fig.14). 

2. Ejfects of Taci!Jsystolia and Hypertonicity 
combined with Hypersystolia 

a) Uterine contractions arranged in groups. From contraction # 199 
onwards, the uterine rhythm became very irregular and the contractions 
were arranged in groups of 2 to 6 contractions (figs. 4, 5, 6, 7). The 
irregularity of the rhythm is illustrated by the large variations in the 
interval between the contractions (fig. 8). Within one group of con
tractions these intervals are shorter than 120 seconds and the uterine 
tonus is higher than normal because there is not enough time for 
completing uterine relaxation (figs. 4 to 7). Between different groups 
of contractions, the intervals are much longer than the critical value 
of 120 seconds, usually longer than 140 seconds. These intervals are 
long enough to permit a complete relaxation of the uterus and the 
tonus recorded between groups of contractions is completely normal. 

The first contraction of each group develops a Maximal Pressure 
higher than the following contractions, although all of them are 
H ypersystolic. 
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274 Caldeyro-Barcia, et al. 

6:05 6:10 6:15 hours 

Fig. 4. Effects on FHR of groups of 2 contractions of very high intensity and short inter
vals. 

b) Croups of" dips". Each group of uterine contractions causes a 
corresponding group of "clips". During one ofthese groups, the FHR 
does not recover the normal Basal value because of the short duration 
of the interval between the contractions. As a consequence, the Basal 
FHR descends during each group of "clips" (figs.4, 5, 6 and 7). In 
contrast, between different groups, the more prolonged time interval 
permits a total recovery of FHR which reaches normal values. 

The first "dip" of each group has a larger amplitude than the fol
lowing "clips" because it starts from a higher Basal FHR (figs. 4 to 8). 
However, the Minimal FHR is similar for ail the "clips" of the same 
group. 

When the interval between two contractions is very short (figs.4 
and 6), the recovery of the FHR between them is very incomplete 
(fig.4) and may even be absent, causing one single "clip" of long 
duration (see the "dip" corresponding to contractions # 205 and 
205bis in fig. 6). The effects of the second contraction are potentiated 
by the remnant effects of the first contraction. For example, the recov
ery of the second "clip" is much slower than normal (fig.4). 

The greater the number of contractions forming one group and 
the shorter the interval between the contractions, the more marked 
will be the depression of FHR. Fig. 4 shows groups of only 2 contrac
tions with intervals of 110-120 seconds between them, which cause 
"clips" with Minimal FHR of 90 beats / min and an intragroup Basal 
FHR of 140 beats / min. Fig. 5 shows a group of 4 contractions with 

6:20 
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Fig. 5. Effccts on FHR of a group of 4 contractions (from # 218 to 221) of very high 
Maximal Pressure and short intervals. Within this group there is uterine Hypersystolia 

and Tachysystolia. 

time intervals from 80 to 100 seconds, which causes a group of "clips" 
with a Minimal FHR of from 96 to 64 beats / min. Basal FHR drops 
progressively from 140 to 122 beats / min during the group of con
tractions. 
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Fig. 6. Effects on FHR of a group of 5 uterine contractions (from # 205 to 208) separated 
by very short intervals. Within this group there is uterine Hypersyscolia, Tachysystolia 

and Hypertonus. 
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OXYTOCIN INFUSION 16 m U / minute 

7:05 7:10 7:15 h ·s 

Fig. 7. Effects on FHR of a group of 3 contractions (# 229 to 231) followed by anoth = 
group of 6 contractions (# 232 to 237). There is uterine Hypersystolia, Tachysysro · 

and Hypertonus. During the "dip" caused by contraction 237, the fetus died. 

Fig. 7 shows a group of 6 contractions (# 232-237) which haYe 
very high Maximal Pressure and with very short intervals betwee. 
them (80-90 seconds). The Minimal FHR was 60 beats / min and 
Basal FHR remained below 110 beats / min. D uring the "clip" cor
responding to contraction # 237, the fetus died in utero. 

Fig. 8. Graphie expression of uterine contractions and their effects on FHR plotted agaim· 
time in hours. ln the middle are indicated the changes in amniotic pressure caused b. 
the uterine contractions. Each vertical bar corresponds to one contraction. The len 
of the bar indicates the intensity of the contraction. The distance between the boa:o 
of the bar and zero line measures the uterine tonus. The upper end of the bar indicat 
the Maximal Pressure developed by the contraction. The interval preceding the contracrio 
is indicated by the black circle placed below each bar. The bars and the circles ha\"e be.:n 
plorted against time at the moment corresponding to the peak of the corrcsponding co:::-

tractions. The ordinal numbers of some contractions are indicated. 
In the upper part are represented with vertical bars, the "clips" causcd in the FHR by 

,f+ 719 
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Fig. 9. The shorter the Interval between uterine contractions (expressed in logarithmic 
scale) the lower is the value of the corresponding Basal FHR. The insert illustrates the 
two parameters plotted in the graph. The triangles indicate the values of Basal FHR 

recorded between the last 5 "clips" which preceded fetal death. 

II. Quantitative Relationships between FHR 
and Uterine Contractility 

1. Basal FHR. If the interval between the contractions is shorter 
than 120 seconds (critical value) the FHR does not have enough time 
for completing the recovery after the "clip" and the Basal FHR will be 
lower than normal. The shorter the interval, the lower will be the 
Basal FHR. If the interval is longer than 120 seconds, the Basal FHR 
has a normal value of 140-150 beats/min (fig. 9). 

When the Maximal Pressure developed by the contraction sur
passes 85 mm Hg, it depresses the value of the following Basal FHR. 
Maximal Pressures lower than 85 mm Hg have no effect on Basal FHR 
(fig. 10). 

The values of Basal FHR existing between the last 5 "clips" which 
preceded the death of the fetus (indicated with triangles in figs. 9 
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Fig. 10. The Basal FHR diminishes when the Maximal Pressure developed by the pre
ceding contraction augments above 85 mm Hg. The triangles correspond to the last 
5 values which preceded the death of the fetus. The insert illustrates the parameters plotted 

in this graph. 

and 10) are lower than would be expected from the values of the Inter
vals and the Maximal Pressures of the corresponding contractions. 
This change may be explained by a reduction in the ability of the 
moribund fetus to recover after a "clip". 

Up to hour 6.00, the Basal FHR remained stable in the normal 
values because ail the intervals between the contractions are longer 
than 120 seconds (fig. 8). After 6.00, the Basal FHR drops during 
each group of contractions because the intervals between the contrac
tions of each group are shorter than 120 seconds (figs. 4, 5, 6 and 8). 

2. Minimal PH R. The higher the Maximal Pressure developed by the 
contractions, the lower is the Minimal FHR (fig. 11) and the greater 
the amplitude of the "clips". The average values of Minimal FHR are 
110 beats / min for Maximal Pressure of 65 mm Hg and 80 beats / min 
for 95 mm Hg. When the intervals between contractions are shorter 
than 120 seconds, the Minimal FHR also diminishes (fig.12) although 
there is much dispersion in the values. The better relationship obtained 
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Fig. 11. The greater the Maximal Pressure of the contraction the lower is the 1 · 
FHR of the corresponding "dip". The white circles correspond to 5 contractiocs r 

relatively low intensity which were preceded by a very short interval which enhanc. 
their effects on the FHR. The insert indicates the two parameters plotted in this 

by plotting the Minimal FHR against the ratio (Maximal Pressure 
lnterval [fig. 13]) indicates that this ratio is the factor controlling · . 
value of Minimal FHR. 1 

3. Duration of the "dips". Up to hour 6.00 (fig. 3) the Total Duratio~ 
(T) ranges from 30 to 80 seconds, with an average value of 50 second·. 
After hour 6.00, (T) increases markedly because of the prolongacio. 
of the recovery (R) (fig.4) and ranges from 115 to 165 seconds. 2 

1 Five values of Minimal FHR corresponding to contractions preceded by .-ery sho::
interval (and which are indicated by circlcs in figs.11 and 13), are well below the mea.1 

values in fig.11, whereas in fig.13 corne very close to the average values because .e 
influence of the interval is also taken into account. 

2 (T) was measured only for the "clips" which were followed by complete reco'"c • 
of the FHR to the previous Basal value, like in the "clips" corresponding to contracno 
200, 202 and 204 of fig.4. lt is not possible to measure (T) for "clips" which are no· 
followed by complete recovery, like those corresponding to contractions 199, 201 an 
203 of fig.4. 
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Fig. 12. When the interval preceding the contractions shortens below 120 seconds, the 
Minimal FHR becomes lower. The great dispersion of the values is due to tbe influence 
of the changes in the Maximal Pressure of the contractions. The insert indicates the para-

meters plotted in this graph. 

The duration below 120 beats / min (T120) ranges from 0 to 50 
seconds, up to 6.00 (fig.14) and after that time (T120) increases and 
ranges from 40 to 100 seconds. The duration below 100 beats / min 
(T 100) ranges from 0 to 20 seconds up to hour 6.00 and then increases 
ranging from 20 to 70 seconds. In the last 5 "clips" preceding fetal 
death (T 100) increases even more, ranging from 60 to 120 seconds 
("clips" 232 to 235 indicated with triangles in fig. 14). 

The lower the Minimal FHR the more prolonged is (T120) (fig.15). 
This relationship indicates that the shape of the "clips" is more or less 
constant throughout the record. As would be expected, the greater 
the Maximal Pressure developed by the contractions (fig.16), the 
longer is the duration of (T120) (fig.16). 

4. Lag time ( P) between the contractions and the "dips". Up to hour 
6.00, (P) ranges from 20 to 40 seconds. After 6.00, due to the irre-
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Fig. 13. The higher the value of the ratio (Maximal Pressure/Interval) the lower is the 
Minimal FHR. The white circles correspond to the same contractions of fig.11. The 

insert illustrates the parameters plotted in this graph. 

gularity in the rhythm and intensity of the contractions, there is a 
greater dispersion in the values of (P) which range from 30 to 70 
seconds (fig.17). 1 When the Maximal Pressure of the contractions 

1 The Lag time corresponcling to contractions 205 and 232 is very prolonged because 
these contractions have very high Maximal Pressure. Furthermore, contraction 205 is 
followed by contraction 205bis after a very short interval, which gives no time for starting 
the recovery of FHR between them. The "dips" of both contractions merge in one single 
"clip" of very wide bottom. This fact contributes to the prolongation of the value of 
(P), corresponding to contraction 205. 

Fig. 14. Effects of uterine contractions on the duration of the "dips". The characteristics r\ 
of uterine contractions are illustrated as in fig.8. The duration of the "clips" below Y 
120 beats/min (T120) is inclicated by black circles at the top of the figure. The duration 
of the "dips" below 100 beats / min (T 100) is illustrated by white triangles. For each "clip" 
the clifference between (T 120) minus (T 100) is indicated by the length of the bar linking 
both symbols. In the last 4 "clips" prececling fetal death, only (T100) could be measured, 

because the Basal FHR was lower than 120 beats/min. 
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Fig. 15. The lower the Minimal FHR the greater the duration of (T120). The triangles 
indicate the values of (T 100) corresponding to the last 4 "clips" preceding fetal death, in 
which it was not possible to measure (T 120). The crosses indicate the value of (T 120) in 

"clips" caused by the addition of the effect of two contractions. 

surpasses 80 mm Hg, the greater the Pressure, the longer is the duration 
of the Lag time (P) (fig. 18). The progressive augmentation of (P) 
throughout the record is in keeping with the increment occurring 
simultaneously in the Maximal Pressure of the contractions (fi.g.17). 
The Interval between the contractions has no clear effect on the values 
of (P). 

Dips have been classifi.ed (CALDEYRo-BARCIA, BEAUQUIS, AGUERO 
LUGONES, FAÛNDES et al., unpublished data) into two types, depending 
on their Lag-time. Type I clips have a mean Lag-time of about 3 se
conds and 95% of the values fall within -14 and +20 seconds. 

Type II clips have a mean Lag-time of about 40 seconds and 95% 
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Fig. 16. The greater the Maximal Pressure, the longer the duration of (T 120). 

of the values fall within 20 and 60 seconds. All the clips recorded in 
case 719 seem to belong to type II. 

5. Influence of the characteristics of uterine contractions (fig. 19). In 
record number 719, almost all the contractions developed a Maximal 
Pressure higher than 60 mm Hg. This Hypersystolia is one reason 
which explains why all the contractions caused "clips" in the FHR, 
even when the Interval between contractions was normal. The higher 
the Maximal Pressure of the contractions, the lower is the Minimal 
FHR of the corresponding "clip" (fig.11) and the greater are the 
duration of the "clip" (fig. 16) and the Lag time (P) (fig.18). 

During the interval between the contractions, the fetus (and the FHR) 
recover from the effects of the preceding contraction. This recovery 
is incomplete when the interval is shorter than 120 seconds (critical 
value). The shorter the interval, the lower are the Basal FHR (fig. 9) 
and the Minimal FHR of the following "clip" (fig. 12). 

The higher the ratio ( Maximal Pressure / lnterval) the lower are 
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Fig. 17. Effects of uterine contractions on the Lag time (P) between the peak of the con
traction and the bottom of the "clip". The characteristics of uterine contractions are 
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Fig. 18. The greater the Maximal Pressure developed by the contractions, the more 
prolonged is the Lag time between the contraction and the" clip". The values corresponding 
to contractions 232 and 205 have different symbols because of the reasons given in the text. 
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between the contractions 
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Fig. 19. Schematic summary of the relationships between the characteristics of uterine 
contractions and the changes in FHR. The Maximal Pressure of the contraction influences 
mainly the value of the Minimal FHR and to a lesser extent, the Basal FHR. The Interval 
between the contractions influences mainly the Basal FHR but also the Minimal FHR 

of the following "clip". 

illustrated as in figs . 8 and 14. The values of (P) are plotted in the upper part of the figure. 
The values corresponding to contractions 205 and 232 have different symbols for the 

reasons explained in the text. 
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Fig. 20. For periods of 10 minutes, the mean value of the descent of the FHR below 
160 beats /min (Y) increases proportionally to the mean value of the amniotic pressure 
for the same period (X). The inserts illustrate (in black) the areas which were measured 

for calculating the mean values. 
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the corresponding Basal FHR and the Minimal FHR (fig.13) and the 
longer are the Duration and the Lag time of the "clip". 

6. Relationships between the mean valttes of amniotic pressure and FHR 
(fig. 20). A planimetric measurement is made of the surface area limited 
between the tracing of amniotic pressure and the line of zero pressure, 
during periods of 10 minutes. This area represents the time-pressure 
integral and is expressed in (mm Hg X minutes). The amniotic pres
sure area depends on the uterine tonus as well as on the intensity, 
frequency and duration of the contractions, and constitutes the most 
comprehensive measurement which can be made of the pressure 
exerted by the uterus on the fetus during a given period of time. If the 
amniotic pressure area is divided by the corresponding time interval, 
the mean value of amniotic pressure for this interval is obtained. 

The surface area limited between the tracing of FHR and the line 
corresponding to 160 beats / min. is measured 1 for the same periods 
of 10 minutes which were used for measuring the amniotic pressure 
areas. The FHR surface area depends on the Basal FHR as well as 
on the amplitude, duration, shape and frequency of the "clips". The 
FHR area supplies a very complete global information on the de
pression below 160 beats / min suffered by the FHR in that period. 
The mean descent ofFHR below 160 beats / min is calculated by divid
ing the FHR area by the corresponding time interval. 

Figure 20 shows that the higher the mean amniotic pressure during 
a 10-minute period, the greater will be the mean descent of FHR 
below 160 beats / min in the same period. For mean values of amniotic 
pressure of 30, 40 and 50 mm Hg, the corresponding mean values of 
the descent ofFHR below 160 beats / min are 30, 50 and 80 beats /min 
respectively. 

Disc11ssion 

The most probable cause of jetai death in the case 719 is the hyper
contractility of the uterus. During the first hour and 15 minutes, there 
was Hypersystolia alone and the fetus had time to recover completely 
between the strong contractions. During the following hour and 
15 minutes, the infusion of oxytocin increased the Hypersystolia and 
caused in addition Tachysystolia and Hypertonus. After 39 contrac
tions of this type, the fetus died. The injection of chlorpromazine and 

1 These measurements were made by Dr. G. Strada-Saénz. 
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Demerol made to the mother 18 minutes before fetal death might 
have contributed to the fatal outcome. 

The doses of oxytocin administered (4, 8 and 16 mU /min) are cur
rently accepted as being within physiological limits and devoid of 
dangerous effects. This statement is valid when the spontaneous uterine 
contractility is low. In case 719 the spontaneous uterine contractions 
were abnormally strong and the infusion of small doses of oxytocin 
increased even further uterine contractility with fatal consequences 
for the fetus. 

The changes in jetai heart rate which preceded the death of the fetus, were: 
(1) the drop of the Basal FHR from 140-150 to 100 beats / min; (2) 
the drop of the Minimal FHR from 80-90 to 60 beats/min; (3) the 
prolongation above 50 seconds of T 100 (the duration of the "clips" 
below 100 beat / min). Similar signs are seen preceding the fetal death 
in a record of FHR published by HoN [1959b]. However, these 
changes in FHR did not necessarily precede fetal death in all fetuses; 
in a case of toxemia of pregnancy, fetal death occurred without 
premonitory drop of the Basal FHR and with a Minimal FHR which 
had not dropped below 100 beats / min. 1 

The relationships between uterine contractions and changes caused 
in the FHR were consistent throughout all the record 719, with excep
tion of the last 8 minutes preceding fetal death, when Basal FHR is 
lower than would be expected from the values of uterine contractions 
(figs. 9 and 10). This fact may be interpreted as suggesting that the 
defensive mechanisms of the moribund fetus were being exhausted, 
and can be an indication of imminent fetal death. It is not known 
whether the injection of Demerol and Chlorpromazine made 18 min
utes before fetal death, could have contributed to modify the responses 
of the fetus to uterine contractions. 

Role of the vagus in the contrai of FHR. Without ignoring that other 
factors (sympathetic nerve supply, humoral mechanisms, etc.) act 
upon the FHR, we shall discuss here only the role of the vagus. 

The Basal FHR (130 160 beats / min) is much higher than the 
heart rate of the human adult because the latter bas a much higher 
"vagal tone" than the fetus. The magnitude of the "vagal tone" can 
be measured by the amplitude of the ascent in heart rate produced 

1 Poseiro, J. J.; Caldeyro-Barcia, R.; Filler, W. jr.; Beauquis, A.; Aguero Lugones, 
F.; Arellano, G.; Zambrana, M. A.; Peii.a Ortiz, P.; Faundes Latham, A. and G6mez 
Rogers, C.: Fetal heart rate patterns preceding fetal death. Unpublished data, 
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after blockage of the vagus by atropine. In the human adult, the atro
pine ascent in the heart rate is approximately 60 beats / min, whereas 
in the fetus it averages only 25 beats / min after injecting 0.04 mg/ kg 
of atropine directly intramuscularly into the fetus (MENDEZ-BAUER, 
PosErno, ARELLANO, ZAMBRANA and CALDEYRO-BARCIA [1963]). 
Similar results on the effects of atropine on the Basal FHR have been 
published by HoN, BRADFIELD and HEss [1961] and by HELLMANN, 
JOHNSON, TOLLES and JONES [1961] after the injection of 1 mg of 
atropine to the mother by intravenous route. 

Mechanism of production of the "dips". The small permanent "vagal 
tone" of the fetus may increase transitorily as a consequence of each 

UTERINE CONTRACTION 

ASPHYXIA OF VAGUS CENTER 

STIMULATION OF VAGUS CENTER 

Blocked by 
atropine 

1 DROP OF FETAL HEART 

' ' 

INTRAMYOMETRIAL 
VESSEI.S SUPPLYING 
INTERVILLOUS SPACE 

HEMODYNAMIC 
DISTURBANCES 

IN FETAL 
CIRCULATION 

' --~~-----, 
: DIRECT DEPRESSION 1 
1 OF THE HEART 1 ---,------

f Not blocked 
by atropine 

RATE (FHR) 

Fig. 21. Probable mechanisms explaining the genesis of the "clips". Thick lines indicate 
the mechanism considered as the most probable for case 719. The interrupted lines indicate 

another possible mechanisrn. 
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uterine contraction, producing transient drops of FHR ("clips"). The 
participation of the vagus in the genesis of the "clips" is demonstrated 
by the fact that atropine injected to the fetus, suppresses or markedly 
reduces the amplitude of "clips" (HoN, BRADFIELD, and HEss [1961] 
MENDEZ-BAUER, PosEIRO, ARELLANO, ZAMBRANA and CALDEYRO
BARCIA [1963]). 

Figure 21 shows the most probable mechanisms by which uterine 
contractions can lower FHR. The thick line indicates the mechanism 
accepted as the most probable for case 719. Each uterine contraction, 
because of the great intensity (Hypersystolia), compresses and occludes 
the intramyometrial vessels, reducing and even suppressing the flow 
of materna! blood through the intervillous space (CALDEYRO-BARCIA 
[1956, 1958); CALDEYRO-BARCIA and PosEIRO [1959); HoN [1959a); 
PAUL [1956]). The fetal asphyxia thus produced stimulates the center 
of the vagus nerve and causes a drop in the FHR. When the contraction 
fades, the utero-placental circulation is reestablished and fetal asphyxia 
gradually diminishes. FHR returns to the Basal values which preceded 
the contraction. This mechanism requires some time for being effec
tive, since after suppression of blood flow through the intervillous 
space, the hypoxia and hypercapnia which would stimulate the vagal 
center, develop slowly as a consequence of fetal metabolism. This 
fact would explain the long Lag time (20 to 60 seconds) between the 
contraction and the "clip". 

If in addition to the Hypersystolia there is also Tachysystolia and 
Hypertonus, the placenta! circulation is not fully reestablished between 
uterine contractions; fetal asphyxia persists and main tains abnormal 
stimulation of the vagus, preventing FHR from recovering the normal 
Basal values. 1 

The occlusion of intramyometral vessels supplying the placenta is 
the mechanism accepted by HoN [1959a] for the pathogenesis of"dips" 
produced by frequent and strong uterine contractions. In these cir
cumstances, the characteristics of the "clips" recorded by HoN from 
normal fetuses are similar to those of our anencephalus, case 719. 
However, HESS and HoN [1960) have recorded in some cases, Tachy-

1 Another possible mechanism (indicated with interrupted lines in fig.21) is the 
direct depression of the heart by asphyxia. This other mechanism could be combined to 
the vagal effect. Since atropine suppresses (or markedly reduces) the "clips", it seems 
thac the vagal mechanism is much more important than the direct depression of the heart 
by asphyxia. 
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systolia and Hypertonicity which did not produce significant changes 
on the FHR. The authors interpret this lack of effect of the abnormal 
uterine contractions as an evidence of a high "fetal reserve". 

HoN [1959b] has recorded FHR until the death of the fetus in a 
gestation of 25 weeks with prolapse of the cord. The behavior of FHR 
was similar to that of our case 719. The amplitude and duration of the 
"clips" increased progressively and recovery became more prolonged 
as the fetal death approached. Basal FHR remained within normal 
ranges until the last 5 minutes preceding the death of the fetus, when 
it dropped to 100 beats / min. The only clear difference in the behavior 
of FHR between the two cases lies in the "Lag time" (P) which in our 
case 719 ranged from 20 to 30 seconds at the beginning of the record, 
and increased progressively until it reached 50-80 seconds. In HoN's 
case it is not possible to measure the "Lag time" with accuracy be
cause the uterine contractions were not recorded instrumentally; 
however, the information supplied by abdominal palpation suggests 
that the "Lag time" (P) between the contraction and the " clip" was 
short, lower than 10 seconds. This difference in the Lag time can be 
explained, following HoNs's ideas [1959 a, 1959 b, 1960], by the dif
ferences in the mechanism of the "clips". In our case 719, the contrac
tions produce placental ischemia (fig.21) since there are no cord com
plications. In HoN's case, uterine contractions compress the prolapsed 
cord causing immediate hemodynamic disturbances in fetal circulation, 
which would act reflexly causing rapid stimulation of the vagus, and 
producing a "clip" of early onset and thus of short "Lag time". Fig. 22 
illustrates this mechanism suggested by HoN [1959a] and based on 
experiments made by REYNOLDS in ewes [1954a, 1954b]. 

S11mma1y 

In a full-term pregnant woman with an anencephalic fetus, the 
Amniotic Fluid Pressure and the Fetal Heart Rate (FHR) were recorded 
simultaneously in order to make a quantitative study of the effects 
of abnormal uterine contractions on the fetus. 

All the 70 contractions recorded developed a Maximal Pressure 
higher than the normal limit of 60 mm Hg and each contraction caused 
a transient drop in the FHR ("clip"). The higher the Maximal Pressure, 
the lower was the Minimal FHR at the bottom of the corresponding 

20 Bibl. Paed. Fasc. 81 
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UTERINE CONTRACTION 

FETAL 
HEAD 

ASPHYXIA OF 
FETAL BRAIN 

ASPHYXIA OF VAGUS CENTER 
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HEMODYNAMIC 
DISTURBANCES 

IN FETAL 
CIRCULATION 
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Not blocked 
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Fig. 22. Possible mechanisms explaining the genesis of the "dips". The mechanism which 
according to HoN [1959a, 1959b, 1960] produces the "dips" in cases of compression of 
the cord is indicated with a thick line. This mechanism is faster than the one indicated 

in fig.21. 

"clip" and the greater were the Duration of the "clip" and the Lag 
time between the contraction and the "clip". 

During the interval between the contractions, the FHR recovered 
from the effects of the preceding contraction. When the interval was 
shorter than 120 seconds, the recovery of the FHR was incomplete; 
the shorter the interval, the lower was the Basal FHR and the Minimal 
FHR of the following "clip". 

The continuous infusion of oxytocin at rates of 4, 8 and 16 mU/ 
min during 37, 19 and 17 minutes respectively, increased uterine 
contractility and caused the death of the anencephalic monster. 
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