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I N T H E fetal lamb, Reynolds23
• 

24 has 
shown that vagotomy prevented the fall of 
fetal heart rate which occurred immediately 
after the occlusion of umbilical vessels, al
though it was unable to avoid a more de
layed bradycardic response to cord compres
sion. Reynolds and PauJ29

• 
30 found that 

atropine momentarily stopped the initial 
phase of fetal bradycardia caused by hypoxia 
(the mother breathed a mixture of gases 
with low p02), but that the effect of the 
drug was transient and fetal bradycardia 
reappeared if hypoxia persisted. The rapid 
bradycardic responses, suppressed by va
gotomy or atropine, were attributed to m-
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creased fetal vagal tone, whereas the delayed 
responses, which persisted after vagotomy or 
atropine, were explained by a direct depres
sive effect of hypoxia on the heart rate. 23

• 
24

• 

zn, 30 Wolkoff and Flowers,34 working also in 
the fetal lamb, recently confirmed many of 
the above reported results. In the guinea 
pig, Misrahy and associates21 found that 
atropine blocked fetal bradycardia caused by 
cephalic compression. 

In the human fetus, Hon and co-workers 
19• 20 in 4 cases with cord around the neck, 
found that, after intravenous administration 
of atropine to the mother, "in general there 
is an acceleration of baseline (heart) rate 
with less irregularity and less bradycardia 
with uterine contractions." Hon and asso
ciates19• 20 conclude that "much of the fetal 
bradycardia associated with umbilical cord 
compression is probably due to vagotonia." 

Hellman and associates15 found that intra
venous administration of atropine to preg
nant women which have not yet started 
labor caused a rise of maternal and fetal 
heart rates. Both phenomena were inter
preted as the consequence of the blockade 
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Table I 

Clinic maternal data 

Ma- Gesta-
ter- tion Asso-
na/ age ciated Onset of 

Case age (weeks) Parity pathology labor 

1416 27 41 M Treated Induced 
syphylis 

1422 +1 41 p Induced 
1436 29 37 M Sensitized Induced 

Rh 
1471 23 44 M Spontaneous 
1475 26 40 M Spontaneous 
1488 25 39 M Spontaneous 
1500a 34 40 M Mild pre- Induced 
1500b eclamp-

sia at 
35th 
week 

Delivery 

Spontaneous 

Forceps 
Spontaneous 

Spontaneous 
Spontaneous 
Forceps 
Spontaneous 

I 

Apitll't, l%3 
,\rn. J. Obst. & C;ynrr. 

Obstetric conditions when atropine 
was injected 

. . a- i (' r ,e -

tion ; ical 
of I Status of rlila-

I Po.>ition i the I mem- tat ion 
of head I head I branes (em.) 

L.O.T. -3 Ruptured g 

R.O.A. -1 Ruptured Full 
L.O.T. -:3 Intact •) 

L.O.A. ·-2 Ruptured " .) 

L.O.T. -3 Ruptured .'i 
L.O.T. --3 Intact 4 
L.O.T. ·-4: Ruptured 2 
L.O.T. --+ Ruptured :1 

·-- -------~-~--- ------·-··-··-· ---- -~-- ------~--·----·---------~-----------

of the vagal tone in the mother and the fetus. 
The aim of the present work is to make a 

quantit<ttive study of the effects of atropine 
on fetal heart rate (FHR) in the human, 
with special emphasis on the response of 
FHR to uterine contractions during labor. 
The ultimate goal is to improve the knowl
edge of the mechanisms which control FHR 
and on the meaning of the FHR changes 
recorded during labor, under both normal 
and pathologic conditions. 

Material and methods 

Clinic material. These studies were per
formed in 7 pregnant women near term.* In 
3 cases labor had started spontaneously be
fore atropine was injected, whereas in the 
remaining 4 cases, it was induced with intra
venous infusion of oxytocin administered at 
rates of 1 to 8 mU. per minute in order to 
elicit uterine contractions similar to those of 
normal spontaneous labor.5 • 9 • 

10 More infor
mation on each patient is supplied in Tables 
I and II. In 4 cases the umbilical cord was 
around the neck of the fetus. 

Analgesia. The patients received a con
tinuous intravenous infusion of a mixture of 

*The patients belonged to the Department of Obstetrics 
and Gynecology directed by Prof. Hermogenes Alvarez, and 
willingly cooperated with this work, 

meperidine ( 100 mg.) and chlorpromazine 
(50 mg.) dissolved in 100 ml. of 5 per cent 
dextrose. The rate of infusion ranged from 
0.1 to 1.6 mg. per minute of meperidine, 
the dose of chlorpromazine being always 50 
per cent of that of meperidine. The rate of 
infusion was adjusted according to the needs 
of each patient.7 

Record of fetal heart rate (FHR). Usu
ally the FHR is measured by the number of 
beats which occurred in a given time interval. 
Since FHR changes from one beat to an
other, this method supplies only average 
values. A more complete information is given 
by the instantaneous FHR, i.e., the reciprocal 
of the time interval between every two heart 
beats. As the time interval is measured in 
fractions of a minute, the figure of instan
taneous FHR indicates the number of beats 
which would be recorded in one minute if 
the heart rate were constant.6 • u-1. 3 , ln 

Method of recording FHR. The time in
tervals between heart beats are electronically 
measured by a cardiotachometer* which cal
culates the corresponding FHR and feeds an 
analog recorder (Sanborn Poly Viso) . A 
continuous tracing of the instantaneous FHR 

*Model G.P. I, developed by Mr. George Pautlc, manu
factured by Electrolab, Montevideo, Uruguay. 
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is thus obtained (Figs. 2, 3, 4, 10, 11, 12, 
and 13). The tachometer is fed by the R 
wave of the fetal EKG. In order to have a 
fetal signal of large amplitude and reduce 
interference from maternal EKG, a very thin 
platinum wire electrode is inserted under the 
skin of the buttock of the fetus11

-
13 by trans

abdominal puncture through a No. 18 B.D. 
needle (in one case of these series the fetal 
electrode was inserted under the scalp). The 
wire is insulated except at the fetal end, 
where it is bent to form a hook. The refer
ence electrode is placed on the skin of the 
maternal abdomen. 

Analysis of FHR records (Fig. 1). Dur
ing iabor, each uterine contraction may 
cause a transient fall of FHR which has 
been referred to as "dip."11-13 The basal 
FHR is the average value of FHR recorded 
between these dips. The amplitude of the 
dips is the difference between the basal FHR 
preceding the dip and the minimal FHR 
recorded at the bottom of the dip. The "lag
time" (P) is the time interval (in seconds) 
between the peak of the contraction and 
the bottom of the dip. 8• 

10
• 

11 The total dura
tion (T) of the dip is also measured in 
seconds. 

Caldeyro-Barcia and associates have classi
fied the dips into two main types according 
to the lag-time (Fig. 1). Type I dips have a 
lag-time shorter than 15 seconds (Fig. 12)
Type II dips have a lag-time ranging from 
30 to 60 seconds. The average duration of 
type I dips is about 50 per cent of that of 
type II dips (Fig. 15). Roughly speaking, 
these two types of dips would correspond to 
the bradycardias of "early onset" and those 
of "late onset," respectively, described by 
Hon.1s, 20 

Since rapid oscillations are usually re
corded (Figs. 2, 3, 4, 10, 11, 12, 13, and 15) 
the basal FHR is measured as the mean 
value between the peaks and valleys of these 
rapid oscillations (Fig. 1). 

Rapid oscillations of FHR are also usually 
superimposed to the dips caused by uterine 
contractions (Figs. 13 and 15). The minimal 
FHR is measured at the bottom of the dip 
as the mean value between peak and valley 

of these superimposed rapid oscillations 
(Fig. l). 

Amniotic pressure. In all patients, the 
pressure of the amniotic fluid was recorded 
simultaneously with FHR in order to make 
a quantitative study of the influence of 
uterine contractions on the fetus. A thin 
polyethylene catheter is introduced through 
the anterior abdominal wall into the am
niotic cavity. The catheter is connected to a 
physiologic pressure transducer (Sanborn) 
which is linked to an analog recorder (San
born Poly Viso) that records the pressure of 
the amniotic fluid. 3 • 

5
• 

9
• 

10 This pressure is 
proportional to the tension of the uterine 
wall and its record permits an accurate 
measurement of uterine contractions. Uterine 
tonus is the lowest pressure recorded between 
uterine contractions (Fig. 1). To measure 
the tonus, the level of the intra-abdominal 
pressure is adopted as the zero of the scale 
of pressures. The intensity of each contrac
tion is measured by the rise in amniotic pres
sure caused by the contraction.3 The addi
tion of the tonus plus the intensity of the 
contraction is equal to the maximal pressure 
developed by the contraction. The interval 
preceding each contraction is measured in 
seconds by the time interval bet>veen the 
peaks of the contractions.U-13 

Maternal arterial pressure. A direct record 
was obtained by introducing a thin poly-

'DIP• 

type I 

beats/min. n 
150 -

140 

120 -

100-

'DIPS type ll • 

mmHg 
60----x--.~~~~--~-----r----------

40---rt-J~~~-jft---~~~~~ 
20---4~~------~--~--~ 

Fig. 1. Diagram illustrating the parameters an
alyzed in the tracings of fetal heart rate (FHR) 
and amniotic fluid pressure, and their chronologi
cal relationship. 
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-Fig. 2. Simultaneous recording of FHR and amniotic: fluid pressure in a multipara in whom 
labor started spontaneously in the thirty-ninth week of pregnancy. At the time of the injection 
of atropine the dilatation of the cervix had progressed to 4 em.; the membranes were intact and 
the head was in L.O.T. and station -3. The spontaneous uterine contractions have character
istics which are within the normal range for early first stage of labor; they did not produce 
dips in FHR tracing which showed the characteristic "rapid oscillations:' The puncture of the 
fetus caused an immediate and transient rise in FHR: the injection per se had a similar, 
independent effect. The actual pharmacologic effects of atropine on FHR started 7 minutes 
after the injection, involving the slow rise of basal FHR and the suppression of the "rapid 
oscillations." The dose injected was 0.037 mg. per kilogram of fetal weight ( 3,990 grams). 
Oxytoein infusion at the rate of 2 mU. per minute was started at hour 8:45 and continued 
throughout labor. Forceps delivery at hour 13:45, the Apgar srore being 10. 

ethylene catheter into the femoral and/or 
brachial arteries and connecting it with a 
physiologic pressure transducer. This direct 
record gives accurate and continuous infor
mation on systolic and diastolic arterial pres
sures (Fig. 15). 

Temperature. The rectal temperature of 
the mother and the newborn were continu
ously recorded by means of thermistor probes 
introduced into the rectum and connected 
with an appropriate recording system. 

Perinatal chart. The data supplied by all 
the records above described, as well as the 
clinic information on cervical dilatation, 
station, and position of the fetal head, are 
plotted against time in a chart (Fig. 16). 
The drugs administered to the mother and 
the fetus, the status of membranes, the posi
tion of the mother, and all events occurring 
during the record are also referred to the 
time scale of the "perinatal chart" (Fig. 16). 

In this chart hour 00:00 corresponds to the 
onset of the experiment. 

Injection of atropine to the fetus. In 6 of 
the 7 patients of this series, only one injec
tion of atropine was made. The remaining 
patient (Case 1500) received two injections 
separated by a time interval of 7 hours; the 
two corresponding records are identified as 
1500a and 1500b. Atropine sulfate at 1/1,000 
concentration was used and the dose em
ployed ranged from 0.03 to 0.10 mg. per 
kilogram of fetal body weight (Table II). 

Atropine was injected directly into the 
fetus in order ( 1) to avoid the maternal 
effects of the drug; (2) to know exactly the 
dosage and time at which atropine entered 
the fetus. Injections were given intramuscu
larly in the fetal buttock through the an
terior maternal abdominal wall and the 
uterus (method of Schwarcz31

) ; a gauge 
B-D No. 20, 10 em. needle was used. In each 
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case, before the fetus was punctured, the 
placenta was located by clinical and radi
ologic methods, in order to avoid it. The site 
of the puncture was controlled in all the 
newborn infants. 

The following two effects, inherent to the 
method of intrafetal injection, were re
corded: 

1. The fetal puncture immediately caused 
one or several transient rises in FHR (Figs. 
2, 4, and 15). The effect of the puncture 
occurred before the injection was actually 
made, and was sometimes followed by dis
turbances in fetal EKG due to electrical 
interferences which cause artifacts in FHR 
tracings (Fig. 3). The interferences are prob
ably caused by movements of the fetus. 

2. The injection per se (perhaps because 
of the pain produced by tissue distention) 
caused in some cases another immediate and 

transient increase in FHR which lasted be
tween 1 and 3 minutes (Fig. 2). In some 
cases it seems that there is overlapping be
tween the effects of the puncture and those 
of the injection per se (Figs. 3 and 4). The 
actual pharmacologic effects of atropine on 
FHR start after a latent period (Figs. 2, 3, 
4, and 15) which enables clear differentia
tion from the effects described above. 

Complications ascribed to the methods. 
No complications were suffered by either 
the mother or the fetus. The infants are be
ing followed-up-their present ages range 
from 6 to 12 months-and no undesirable 
consequences of these studies have been so 
far observed. 

Results 

The effects of atropine will be described 
separately for ( 1) basal FHR; ( 2) rapid 

u 
c:F THE FETAl HEAD 

Fig. 3. Multipara in the thirty seventh week of pregnancy. Intact membranes, L.O.T., station 
-3, cervical dilatation 2 em., labor had not yet started. Spontaneous uterine contractions are 
very weak and did not produce dips in FHR tracing which, before the injection of atropine, 
shows the characteristic "rapid oscillations"; the bimanual transabdominal compression of the 
fetal head, lasting about half a minute, caused an immediate and marked fall of FHR; the re
lease of the compression was followed by rapid recovery of FHR. This effect may be due to 
cord compression since at delivery, at 16:25, the cord was tightly wound around the fetal neck. 
The dose of atropine injected to the fetus was 0.1 mg. per kilogram of fetal weight (2,560 
grams). There is overlapping between the effects of the fetal puncture and those of the in
jection per se, which caused an immediate rise of FHR. Between both maneuvers, many 
artifacts were recorded, possibly due to fetal movements. The actual pharmacologic effect of 
atropine on FHR started about 3 minutes after the injection and consisted of a slow rise of 
FHR and of the suppression of the rapid oscillations and of the response to compression of the 
fetal head. Induction of labor was started at hour 9:10 with infusion of oxytocin and spon
taneous delivery occurred at 16:25. 

Association ATIDE 
Centre de Documentation ARIANE



1038 Mendez-Bauer et al. 

i~ 

"\p,ill:>, I%J 
,\uL J, Oh~L & ( ~\'IWC 

II lSOO a 

FETAL HU.RT RATE 

ATli.OPINE 0.15 me l.lof. • 

AMfii!OtlC FLutD PRI.SSUR£ ,_ <>o 

1-40 
-zo 

HOtlll liZ : l 0 
floUR oa: 40 MINUTE:$ 

Fig. 4. Record obtained in a multipara in the fortieth wcek of pregnancy. The woman wa.< 
not in labor and uterine contractions were weak and infrequent. The membranes had ber-n 
ruptured 12 minutes before the injection of atropine. the head was in L.O.T., station --,t_ 

Cervical dilatation was 2 em. The woman was receiving an intravenous infusion of meperidine 
at 0.8 mg. per minute and of chlorpromazine at 0."} mg. per minute. The maternal arterial 
pressure was 110/70 mm. Hg; the mother was in the supine position. The puncture of the 
fetus caused a series of sudden, transient rises of FHR, partially masked by artifacts due to 
dectrical interferences, possibly caust:rl by fetal movements. ThP actual phamtacologic effects 
of atropine on FHR started 4 minutes after the inj<·ction and consistt>d of a slow rise of 
basal FHR and suppression of the rapid oscillations. The dose of atropine administered was 0.03 
mg. per kilogram of fetal weight (5 kilogram). Induction of labor was started at hour 5:40 
with oxytocin infusion at the rate of 4 mU. per minute. Spontaneous delivery occurred at 
hour 19:00. The i5 em. long umbilical cord was loosely wound around the fetal neck. Figs. 15 
and 16 correspond to the same case. 

oscillations of basal FHR; (3) falls of FHR 
caused by compressions of the fetal head: 

dips caused in FHR by uterine contrac
tions; (51 rapid oscillations of FHR super
imposed on the dips. 

Basal FHR. The variations caused in basal 
FHR by injection of atropine are schemat
ically summarized in Fig. 5. All the 8 injec
tions of atropine elicited an increase of basal 
FHR. This effect has been reported both by 
Hellman1

" and by Hon11
l, 

20 after intravenous 
injection of atropine to the mother. 

According to the magnitude of the rise in 
basal FHR, the effects of atropine can be 
classified as small, medium, and large (Table 
III). The increase in basal FHR is related 
neither to the dose of atropine (per kilogram 
of fetal weight) (Fig. 6) nor to the value 
of basal FHR recorded prior to the injection 
of the drug (Fig. 7 . 

Chronological analysis. Adopting as a refer
ence the moment of the injection of atropine 
( :~cro on the time scale), the following fi\·e 

periods can be arbitrarily described (Fig. 5). 
PREATROPINIC PERIOD. The values of FHR 

and uterine contractility recorded during the 
20 to 30 minutes preceding the injection of 
atropine are taken as a standard for compar
ing the changes occurring after the injection 
of the drug.* 

THE LATENT PERIOD. The latent period be
gins at the moment of the injection of 
atropine and finishes when the basal FHR 
starts to rise sustainedly (Fig. 5). Its dura
tion ranged from 1 to 10 minutes (Table 
IV) with an average of 5 minutes approx
imately (Figs. 8 and 9). This average latent 
period is shorter than that reported by Hell
man and associates15 after intravenous injec
tion of atropine to the mother ( 15 minutes); 
the difference may be explained by the 

"'Thi> rule was not followed in Case 1422, in which, 
during that interval, the record was not reliable and the 
interval of 30 to 60 minutes berore tlv-~ injl'<:'t!on wa .. 
.adoph.·d as the preatropinic period. 
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Table II. Information on fetus, newborn, placenta, and cord 

Case 

1416 
1422 
1436 
1471 
1475 
1488 
1500a 
1500b 

Apgar 
score 

at birth 

10 
10 

3 
10 
9 

10 
4 
4 

Dose of atro-
pine (mg. per 

kilogram 
fetus) 

0.041 
0.042 
0.10 
0.044 
0.045 
0.037 
0.030 
0.030 

Newborn 
weight 

(grams) 

different routes used for the administration 
of atropine in both series of experiments. The 
latent period found in our series is in very 
good agreement with those reported by 
Cullumbine and co-workers14 in the human 
adult after intramuscular administration of 
similar doses of atropine per kilogram of body 
weight. 

THE DEVELOPMENT PERIOD. This starts at 
the end of the latent period and finishes 
when the basal FHR reaches 80 per cent of 
the maximal increase (Fig. 5). Its duration 
ranges from 3 to 6 minutes (Table IV and 
Figs. 8 and 9) with an average of 4Y2 minutes. 

STABILIZATION PERIOD. During the stabili
zation period the basal FHR remains above 
80 per cent of the maximal increase (Fig. 5) . 
In 3 records ( 1475, 1488, l500a) the period 
of stabilization was short (8 to 26 minutes); 
in 4 records (1416, 1422, 1436, and 1471) 
it lasted more than 60 minutes; in record 
1500b, the stabilization period lasted more 
than 3Yi hours (Table IV and Figs. 8 and 
9). 

THE DISAPPEARANCE PERIOD. This period 
begins when the basal FHR falls below the 
80 per cent level and finishes when FHR 
reaches the preatropinic value. In 6 cases 
this value was not attained either because 
the record was interrupted too early by de
livery or because of interferences, such as 
compression of the fetal head, etc. In 2 cases 
( 14 71 and 1500a) in which it was possible 
to measure the duration of the disappearance 
period, the latter was 50 and 65 minutes re
spectively (Figs. 8 and 9 and Table IV). 

Rapid oscillations in basal FHR. In all 

Placental 
weight 

(grams) 

700 
565 
465 
675 
650 
680 
835 
835 

Placentofetal 
weight 
ratio 

0.18 
0.16 
0.18 
0.19 
0.19 
0.17 
0.17 
0.17 

Cord 

Loose around neck 

Tight around neck 
Loose around neck 

around neck 
around neck 

Table III 

I Maximal increase 
of I basal FHR caused by 

I atropine Cases 

Small Lower than 1 0 beats/ 1416, 1471 
minute 

Medium From 10 to 35 beats/ 1422, 1475, 
minute 1500a 

1500b 

Large Higher than 35 beats/ 1436, 1488 
minute 

the records, the basal FHR had rapid oscilla
tions (Figs. 2, 3, 4, 10, 11, 12, 13, and 15) 
with a frequency ranging from 2 to 10 cycles 
per minute and an amplitude from 4 to 10 
beats per minute.* 

In all 8 injections, atropine reduced pro
gressively the amplitude of the rapid oscilla
tions of basal FHR until their complete 
suppression, the record thus becoming 
"clean" and "steady." This effect starts very 
rapidly (Figs. 2, 3, 4, 5, 12, 13, and 15) and 
becomes fully developed before basal FHR 
reaches its maximal values. 

The rapid oscillations do not reappear 
until well after the basal FHR has fallen 
below the 80 per cent level. In cases 1416, 
1471, 1475, 1488, 1500a, and 1436 (Figs. 8 
and 9) the rapid oscillations were noticeable 
60 to 140 minutes after the injection of 

*These oscillations are similar to those first described 
by Swartwout and associates32 based on plottings of FHR 
against time, built I rom records of fetal EKG; their records 
were obtained in pregnant women from the sixteenth week 
of pregnancy onward and in the absence of detectable 
uterine contractions. 
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Fig. 5. Schematic summary of the effects of the intrafctal injection of atropine on 
FHR. The percentual changes occurring in the average value of basal FHR are 
represented in the upper part of the figure, and the variations in the amplitude of 
the rapid oscillations of FHR are shown in the lower part. The moment of the in
jection of atropine is referred to as zero on the timr. scale. Atropine causes a rise of 
basal FHR and disappearance of the rapid oscillations. Full effects of atropine last for 
about one hour and complete disappearance takrs more than 2 hours. 

atropine, but their amplitude was markedly 
smaller than in the preatropinic period. In 
only 2 cases of our series, 1488 and 1500a, 
the rapid oscillations fully recovered their 
initial characteristics and this happened as 
late as 4 hours after the injection of atropine. 
The other 6 records were interrupted before 
this long interval (Figs. 8 and 9) . The reduc-

Table IV. Effects of atropine on basal FHR 

---·-~--···--· Duration of periods (in 

Case Latent Development Stabilization 

1416 
1422 
1436 

1471 
1475 

1488 
1500 
(a) 
1500 
(b) 

6 
1 
2 

10 
1 

8 
5 

6 

4 
6 
3 

5 
4 

6 
5 

More than 60 
More than 60 

65 

65 
8 

26 
21 

More than 21 0 

tion of the rapid oscillations of FHR is the 
most prolonged effect of atropine on FHR 
and is very distinctive of this drug. 

Falls of FHR caused by compressions of 
the fetal head or the posterior fontanel. In 
case J-1.75, 4 hours before the injection of 
atropine, three manual compressions were 
successively applied on the fetal head, all of 

minutes) . _J 
Disappearance 

? (delivery) 
? (delivery) 
? (maneuvers 

on the fetus) 
50 

More than 60 
(maneuvers on the fetus) 

More than 60 
65 

Amplitude of the rise 
in FHR (beats/min) 

10 
35 

40 
10 

23 
37 
29 
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them anteroposterior, between 4 and 5 kg. 
force and 30 to 45 seconds' duration. The 
force applied was recorded with a dyna
mometer. Each cephalic compression caused a 
transient fall of FHR with an amplitude 
ranging from 40 to 80 beats per minute. 
The last two compressions are shown in Fig. 
10. The characteristics of these falls of FHR 
were similar to those of the dips of type I 
caused in the same case by uterine contrac
tions before the injection of atropine (Fig. 
12). Two hours before atropine, the digital 
compression of the posterior fontanel of 
about 15 seconds' duration, made through 
the vagina, caused a sharp drop of FHR 
(Fig. 11). 

Forty-five minutes after the intrafetal in
jection of atropine ( 0.045 mg. per kilogram) 
a cephalic compression, with characteristics 
similar to those made before atropine, had 
no effect whatsoever on FHR (Fig. 10) .* 
Ninety-five minutes after the injection of 
atropine a similar compression caused a drop 
of only 8 beats per minute amplitude (Fig. 
10). Seven minutes later another similar 
compression caused a fall of 20 beats per 
minute amplitude. However, 5 minutes later, 
the compression of the posterior fontanel pro
duced no effects (Fig. 11). When the effects 
of atropine are fading away, the response of 
FHR to cephalic compression reappeared 
some time before basal FHR had returned to 
the initial preatropinic level (Figs. 8 and 9). 
Similar results were obtained in Cases 1436 
(Figs. 3 and 8) and 1422 (Fig. 9). 

Effects of atropine on the dips of FHR 
caused by uterine contractions. In all cases 
atropine markedly reduced the amplitude of 
the dips (Fig. 14) whereas only little changes 
occurred in their total duration (T); the 
lag-time (P) between contraction and dip 
remained unchanged (Figs. 15 and 16). No 
important variations were noticed in the 
characteristics of uterine contractions after 
the injection of atropine. 

*The tracings published by Hon and associates'• (Fig. 
3, C, i and ii) corresponding to a fetus having the cord 
wound around the neck, show that atropine given to the 
mother changed the pattern but did not suppress the fetal 
bradycardia caused by pressure applied to the fetus through 
the lower part of the maternal abdominal wall. 

In Case 14 7 5 (Fig. 12) the uterine con
tractions caused type I dips of short lag-time 
(less than 10 seconds), medium amplitude 
(about 30 beats per minute) and short dura
tion ( 10 to 20 seconds); 4 minutes after the 
injection of atropine the dips disappeared 
almost completely and this effect persisted 
during 120 minutes (Fig. 9). 

In Case 1422 (Fig. 13) the contractions 
caused type II dips of long lag-time (30 to 
40 seconds) medium amplitude ( 30 to 40 
beats per minute) and long duration ( 40 
to 120 seconds) . (See footnote on page 
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Fig. 6. No relationship has been found between 
the dose of atropine (per kilogram of fetal body 
weight) and the increase caused in basal FHR. 
Each case is identified by the same symbols used in 
Figs. 7, 8, and 9. 
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Fig. 7. No relationship has been found between the 
value of basal FHR recorded prior to the injec
tion of atropine and the increase in basal FHR 
caused by the drug. 
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Figs. 8 and 9. The average values of basal FHR (symbols) and of the amplitude of 
rapid oscillations (superimposed thin vertical bars) are plotted against time. The 
thick vertical bars with a symbol at the end indicate transient falls (or ascents) of 
FHR; the solid bars correspond to dips caused by uterine contractions and the dotted 
bars indicate falls of FHR caused by compressions of the fetal head (each compression 
is indicated by a white solid-line arrow). White broken-line arrows correspond to 
digital compressions of the posterior fontanel. The broken horizontal lines indicate, 
for each case, the 80 per cent level of the maximal increase of the basal FHR (Fig. 
5.) The moment of the injection of atropine is referred to as zero on the time scale 
(left vertical black strip). The variations of FHR recorded during the puncture or 
the injection have been omitted. The time scale has been condensed five times after 
the twentieth minute after injection (right black vertical strip). The case number is 
indicated in white characters. For each case the horizontal line corresponding to 150 
beats per minute has been fully drawn. 
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Fig. 9. Same method of illustration as in Fig. 8, 

1038). Eight minutes after the injection 
of atropine, the amplitude of the dips 
was reduced to 25 per cent of the pre
atropinic value (Fig. 14, B). Only one con
traction caused a dip with an amplitude 
larger than 10 beats per minute (Fig. 13). 
The duration and lag-time of that dip was 
similar to those recorded prior to atropine 
injection. The dip had a smooth shape be-

cause of the disappearance of the rapid 
superimposed oscillations. The reduction of 
amplitude of the dips lasted for at least 75 
minutes when the record was interrupted by 
delivery of the fetus (Fig. 8). 

In Case 1416 (Fig. 14, C) the effect of 
atropine was less marked than in Cases 1475 
and 1422. Before atropine, uterine contrac
tions having a maximal pressure of 50 to 

Association ATIDE 
Centre de Documentation ARIANE



1044 M€mdez-Bcuer et cl. 

. ,~.~ 
t:d.'f. flA~-3 
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Fig. 10. Effects of atropine on the response of FHR to transabdominal compression of the 
fetal head. The force applied on the fetal head, which was recordt"d with a dynamometer, was 
always about 4 to 5 kilogram and 30 to 45 seconds' duration. Bdorc atropine, each compres
sion of the head elicited an immediate fall in FHR with charact1'ristics similar to those of 
type I "dips" (compare with Fig. 12). Forty-fh c minutcs aftl"r tht' injection of atropinP, 
compression of the fetal head caused no effect on FHR. ThP effects reappeared partially about 
100 minutes after the injection of atropine. This record was obtained in the same case 
illustrated in Figs. II and 12. At birth, no loops of the cord were found around the fetal neck. 

70 rnm. Hg caused dips with an amplitude 
of 18 to 28 beats per minute. After the in
jection of atropine, contractions of 50 to 70 
mm. Hg caused dips of only 3 to 10 beats 
per minute amplitude. This means that 
atropine reduced the amplitude of the dips 
to about 30 per cent of the initial value. The 
effect of atropine lasted about one hour 
(Fig. 9). 

In record 1500b (Figs. 9, 14, D, 15, and 
16) the effect of atropine on the amplitude 
of the dips was even less marked. Before 
atropine, uterine contractions had a strong 
effect on FHR, perhaps because of the ma
ternal arterial hypotension (Fig. 16). Con
tractions as weak as 10 to 20 Imn. Hg caused 
type II dips of medium amplitude (30 to 
4·0 heats per minute); contractions with a 
maximal pressure of 40 to 50 mm. Hg caused 
type II dips of large amplitude ( 40 to 60 
beats per minute) (Fig. 14-, D). These dips 

had long duration ( 60 to 90 seconds) and 
long lag-time (30 to 45 seconds) (Figs. 15 
and 16). 

After the injection of atropine, contrac
tions of 40 to 50 mm. Hg caused dips of only 
22 to 28 beats per minute amplitude, i.e., 
40 per cent of the preatropinic values. Con
tractions of 20 to 30 mm. Hg produced no 
efiect or caused dips of small amplitude 
(lower than 10 heats per minute) (Fig. 16i. 
Atropine caused no changes in the duration 
of lag-time of the dips (Figs. 15 and 16). 
Maternal arterial hypotension persisted for 
at least 2 hours after the injection of atro
pine (Fig. 16). 

Rapid oscillations of FHR superimposed 
on the "dips" caused by uterine contractions. 
These oscillations are completely suppressed 
by atropine (Figs. 13 and 15) and the dips 
which persist after atropine become very 
smooth. 
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Comment FHR are due only to the pharmacologic 
block of the vagus nerve and not to other 
effects of the drug. 

The following discussion is based on the 
assumption that the effects of atropine on 

INTACT MEMBRANES RUPTURED MEMBRANES 
L.O.T. STATION -3 I..O.T. STATION- 4 

CERVK:Al OLATATION 3 ems 
ART.ERIAL PRESSURE 15/52 mm Hg 

CERVICAL DILATATION S ems 
ARTERIAL PRESSURE 110 /75 mm Hg 

CONTINUOUS INFUSION {DEMEROL 0.4 mg/min 
t.V. THORAZINE 0.2 mg/ min 

BEFORE ATROPINE 

OF POSTERIOR FONTANELLE # 1475 

5:85 9:55 

Fig. 11. Effects of atropine on the response of FHR to manual compression of posterior 
fontanel. Same case as in Figs. 10 and 12. Before atropine, the manual compression of posterior 
fontanel made with a finger introduced into the vagina and cervix, caused a rapid, sharp 
drop of FHR. It was not possible to elicit a similar response 105 minutes after the injection of 
atropine. 

INJECTION OF ATROPINE 

TO THE fETUS (0.045 mg/kgl 
* 1475 

Fig. 12. Uterine contractions with a maximal pressure ranging from 40 to 70 mm. Hg caused 
type I dips of short Jag-time (less than 10 seconds), short duration ( 10 to 20 seconds), and 
medium amplitude (about 30 beats per minute). Both the dips and the rapid oscillations of 
FHR disappeared almost completely 4 minutes after the injection of atropine and the basal 
FHR increased gradually 20 beats per minute. The record was obtained in a multipara at 
full-term pregnancy in which labor had started spontaneously. The membranes were ruptured 
and the head was in L.O.T., station -3. Cervical dilatation was 5 em. Intravenous infusion of 
meperidine, 0.2 mg. per minute, and chlorpromazine, 0.1 mg. per minute. Maternal arterial 
pressure was 95/65 mm. Hg. The mother was in the supine position. At birth, the cord was 
not around the fetal neck. 
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Fig, 13. Before atropine, very strong uterine contractions caused type II dips with long lag
time and duration; the superimposed rapid oscillations were unusually big. Atropine suppressed 
these oscillations and markedly reduced the amplitude of th<' dips caused by uterine contrac
tions, in spite of the fact that these continued to be very strong (sec also Fig. 14, B). A 
marked increase in basal FHR was produced by atropine. The dose of atropine was 0.042 mg. 
per kilogram of fetal weight ( 3,530 grams). The record was obtained in an elderly primi
gravida, at the forty-first week of pregnancy, in which labor had been induced with oxytocin 
infusion at the rate of 8 mU. per minute. This part of the record was obtained when the cervix 
was fully dilated and the membranes ruptured. The fetal hf'ad was in R.O.A. position and -I 
station. The woman was receiving an intravenous infusion of meperidine (0.4 mg. per 
minute) and chlorpromazine (0.2 mg. per minute). She was lying on her right side and the 
arterial pressure was 110/80 rom. Hg. The placenta and umbilical cord were normal and 
there were no loops around the neck. 

Magnitude of permanent vagal tone of the 
human fetus. Whereas there is general agree
ment on the presence of an important per
manent vagal tone in the adult mammal, 
according to Reynolds23

• 
26

-
28 "the para

sympathetic system of the fetal lamb 'in utero' 
is functionally competent but it lacks a stim
ulus (sensory input) to maintain parasympa
thetic tone." 26 Reynolds found that vagal 
tone of the fetal lamb can be stimulated in 
several ways: e.g., occlusion of umbilical ves-

sels/4
• 

2
" increased uterine pressure by uter

ine contractions or weights29 or hypoxemia 
of the mother. 30 Reynolds' results do not 
agree with the classic statement of Barcroft1 

that in the fetal lamb, vagotonia increases 
with age. 

On the other hand, in the human fetus, 
both Hon and associates19

' 
20 in 4 cases with 

cord around the neck recorded during labor, 
and Hellman and co-workers15 in normal 
pregnancies recorded before the onset of 
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labor, found that atropine given to the 
mother intravenously caused a rise of FHR 
which was interpreted as the consequence of 
the pharmacologic block of the permanent 
vagal tone. 

The results reported in this paper confirm 
the view that in the human fetus during 
labor there is always some degree of per
manent vagal tone. The magnitude of this 
tone, measured by the rise caused by atro
pine in basal FHR can be classified as: (a) 
low, (b) medium, and (c) high (Table III); 
the vagal tone varies broadly from one 
fetus to another, and also in the same fetus 
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at different stages of labor. In any case, the 
vagal tone of the human fetus is much lower 
than that of the human adult in whom the 
injection of atropine causes a rise in heart 
rate from the normal resting value of 70 
beats per minute to 150 to 180 beats per 
minute.14 

Rapid spontaneous variations of the per
manent vagal tone of the human fetus. The 
existence of these variations is suggested by 
the rapid oscillations of basal FHR which 
are continuously recorded and cannot be re
lated to any known cause. Since these oscil
lations are completely suppressed by atro-
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Fig. 14. Before atropine, in all 4 plottings, the amplitude of the dips in FHR increased.more or 
less proportionately to the maximal pressure developed by the corresponding uterine contrac
tion. In D, the effects of the contractions on FHR are greater than in the other 3 plottings. 
Plotting A corresponds to type I dips (Fig. 12) whereas plottings B, C, and D, correspond to type 
II dips (Figs. 13 and 15). After atropine, dips are almost completely suppressed in A and 
reduced to about 25, 30, and 40 per cent of their initial amplitude in plottings B, C, and D, 
respectively. In D, the relationship between amplitude of the dip and maximal pressure of the 
contraction persists after atropine, but it is set at a lower level. 
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Fig. 15. Before atropine, uterine contractions of medium intensity caused type II dips of long 
lag-time, long duration, and great amplitude. The very strong effects of contractions on FHR 
(see also plotting D in Fig. 14) may be in relation with the loop of the cord around the neck 
and with the maternal arterial hypotension induced by the infusion of meperidine and chlor
promazine (see Fig. 16). After atropine, basal f'HR increased and the amplitude of the dipq 
was reduced to about 40 pet cent of their initial value. No changes occurred in the duration of 
the dips or in the lag-time between contraction and dip (see Fig. 16). The rapid oscillations 
superimposed to basal FHR and to the dips were completely suppressed by atropine. The dose 
of atropine was 0.03 mg. per kilogram of fetal weight ( 5 kilogram). The record was obtained in 
a multipara at the fortieth week of pregnancy in which labor was induced by intravenous 
infusion of oxytocin at the rate of 8 mU. per minute. It is the same case illustrated in Fig. 4, 
recorded 7 hours later. Cervical dilatation had progressed to 3 em. and the head was in O.L.T., 
station --4. The woman was in supine position (See Fig. 16). 

Fig. 16. Graphic representation of record 1500b between 7:00 and 14:00. Part of the corres
ponding original record is shown in Fig. 15. From top to bottom, the following parameters are 
plotted against time: (1) the duration of the dips; (2) the lag-time between contraction and 
dip which ranged from 30 to 60 seconds; (3) the values of FHR corresponding to each uterine 
contraction: the upper end of each vertical bar indicates the basal FHR and the lower end of 
the bar shows the minimal FHR at the bottom of each dip, the length of the bar corresponds 
to the amplitude of the dip (see Fig. 1); ( 4) the values of amniotic fluid pressure: each 
vertical bar corresponds to one uterine contraction: the upper end indicates the maximal 
pressure at the peak of the contraction and the lower end, the "tonus" of the uterus (see Fig. 
1). In this case the intensity of the contractions is either weak or medium; (5) the time interval 
between peaks of uterine contractions: their great variability indicates that the rhythm of 
contractions is irregular; (6) the cervical dilatation (which progressed from 2.5 to 4 
em.) and the station which progressed from -4 to -3; ( 7) the maternal arterial pressure, 
which was abnormally low and rose transiently during each uterine contraction; (8) the 
position of the mother: black bars indicate supine position; (9) intravenous infusion of oxytocin, 
meperidine, and chlorpromazine administered to the mother. The injection of atropine to the 
fetus caused a moderate rise in basal FHR, a marked reduction in the amplitude of the dips, 
a slight reduction in their duration, and no changes in the lag-time between contraction and 
dip (see also Figs. 14, D and 15). 
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Fig. 17. Possible mechanisms of the falls in FHR. The white arrows on hlack background 
indicate the mechanisms suggested for type 11 dips. The thick black and the dotted-line 
arrows indicate the two possible mechanisms for type I dips. The broken-line arrows cor
respond to the mechanism suggested for the manual compression of the fetal head or fontanel. 
On the right side are shown mechanisms which per sc might cause falls in FHR and may 
also enhance the effects of uterine contractions. 

pine, it seems reasonable to assume that they 
express rapid changes of the permanent 
vagal tone. Swartwout and associates,S2 who 
first described the oscillations of FHR in 
pregnant women with no detectable uterine 
contractions, did not propose any mecha
nism to explain them. Hon and co-workers 
10

• 
20 also found that atropine suppresses the 

irregularities of FHR tracings. 
Mechanism of production of FHR falls 

produced by manual compressions of the 
fetal head or fontanel. Since these falls are 
cornplctdy blocked by atropine, it seems that 
they arc mediated by the vagus nerve alone. 
A possible mechanism would be the reflex 
stimulation of the vagus center elicited by 
cranial hypertension itself, or by mechanical 
stimulation of the brain envelopes, particu
larly when the compression is made directly 
on the fontnnel through the vagina (Fig. 17, 

broken line arrows). The reflex nature of 
this mechanism would agree with the ra
pidity and short duration of the response of 
FHR to compression of the fontanel. An
other possible mechanism is that cephalic 
compression, by increasing intracranial pres
sure, would reduce cerebral blood flow; the 
resultant ischemia and hypoxia of the brain 
would stimulate the vagal center (Fig. 17, 
broken line arrows) . This second mechanism 
should be a little slower than the reflex pre
viously described, and could agree with the 
characteristics of the response of FHR to 
the bimanual transabdominal compression of 
the fetal head (Fig. 10). 

Mechanisms of production of the dips 
caused by uterine contractions. The fact that 
atropine markedly reduces the amplitude of 
the dips-as has also been reported by Hon 
and associates19

' 
20---suggests that the small 
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permanent vagal tone present in the human 
fetus may increase transiently as a conse
quence of each uterine contraction. 

Type I dips characterized by short lag
time (less than 15 seconds) and short dura
tion (less than 30 seconds) were almost com
pletely suppressed by atropine (Fig. 12), in
dicating that they were produced mainly by 
a vagal mechanism. The short lag-time and 
duration suggest that the stimulation of the 
vagus is elicited through a reflex mechanism. 
For example, uterine contractions, either by 
compressing the cord or by causing placental 
"congestion"2 might cause hemodynamic dis
turbances of fetal circulation (Fig. 17, thick 
black arrows) which reflexly stimulate the 
vagal center. Another possible mechanism 
would be the compression of the fetal head 
by uterine contractions (Fig. 17, dotted line 
arrows), which would trigger the sequence 
of events that are described in the above 
section. 

In type II dips characterized by long lag
time (30 to 60 seconds) and long duration 
(60 to 120 seconds) atropine reduced the 
amplitude of the dips to 30 to 40 per cent of 
their initial value (Figs. 13, 14, and 15) 
without changes in the lag-time. Since the 
dose of atropine used should be sufficient for 
the complete blockade of the fetal vagus 
nen·e for at least 60 minutes* it seems that 
in dips of type II extravagal mechanisms 
were combined to the vagal component (Fig. 
17, white arrows) . t After atropine, the extra
vagal mechanism is the only one remaining 
and the resultant dips (type III) have simi-

*Results obtained in human newborns by Mendez-Rauer, 
Arellano, and Zambrana (in preparation) demonstrate that 
full blockade of cardiac effects of the vagus nerve is ob
tained with doses of 0.03 to 0.04 mg. per kilogram of 
ne\vborn weight, since the repetition of a second similar 
dose after a 30 minute interval produced no further effect 
on the newborn heart rate. 

tThese results agree only in part with the hypothesis 
po.stulated by Hon20 that bradycardias of Hlate onset," as 
those illustrated in his Fig. 3, Case 57-007, are mainly due 
to a direct effect of hypoxia on the myocardium and that 
the vagus nerve has a minor role. Type II "dips" recorded 
in our Case 1500 (Fig. 15 and 16) have characteristics 
similar to those of Ron's bradycardias of "late onset'~; how~ 
ever, atropine reduced the amplitude of type II "dips" to 
40 per cent of their preatropinic value (Fig. 14, D), thus 
indicating the preponderant role of the vagus nerve in 
their genesis. 

Jar long duration and long lag-time (Fig. 16) 
as type II, but a much smaller amplitude 
and very smooth contours because of the 
disappearance of rapid superimposed oscilla
tions (Fig. 15L 

It still remains to discuss the mechanism 
by which in type II dips uterine contractions 
either cause a delayed stimulation of the 
vagal tone or by acting through "extravagal 
mechanisms" directly cause the depression of 
the myocardium. In previous papers"· ~. 12

• 
13 

Caldeyro-Barcia and co-workers have postu
lated a working hypothesis which has some 
common features with the mechanism pro
posed by Ron 17 based on studies made by 
Reynolds23

• 
24 in lambs and by Caldeyro

Barcia4 in humans. This hypothesis is sche
matically illustrated in Fig. 17 (white 
arrows). The long lag-time and duration of 
dips types II and III would agree with a 
humoral mechanism as the pathway linking 
the uterine contractions with the dips. Uter
ine contractions would compress the intra
myometrial vessels and reduce the blood flow 
through the intervillous space causing, after 
a certain delay, hypoxia of the fetus.* The 
fetal hypoxia would act by stimulating the 
vagal center, and/or eliciting some extra
vagal mechanism, i.e., direct depression of 
the heart.33 The combination of both mech
anisms would produce type II dips, the vagal 
mechanism being responsible for the major 
part of the amplitude of the dips and for 
the rapid superimposed oscillations. 

After atropine, only extravagal mecha
nisms remain active, causing smooth-shaped, 
small-amplitude, type III dips, but preserv
ing their initial long lag-time and duration 
(Figs. 15 and 16). 

Biologic meaning of the dips of FHR and 
possible therapeutic applications of atropine, 
It seems reasonable to assume that dips of 
a large amplitude (over 50 beats per minute) 
and prolonged duration (over 90 seconds) 
can be dangerous for the fetus, since marked 
bradycardia would diminish cardiac output, 

*This mechanism requires some tirne to become effective 
since after reduction of the blood flow through the inter
villous space the hypoxia develops slowly as a consequence 
of fetal metabolism. 
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thus reducing the blood supply to the fetal 
tissues. Under these conditions, it would 
seem that atropine, by reducing the dips, 
would exert a beneficial effect on fetal circtt
lation, increasing blood supply to the tissues; 
this view is in agreement with the results of 
Misrahy and associates~ 1 in guinea pigs; they 
found that atropine reduces the amplitude 
of the fall in oxygen availability in the fetal 
brain caused by compression of the fetal 
head. 

It is more difficult to speculate on the 
meaning of smaller and shorter dips which 
are usually produced by uterine contractions 
even during "clinically normal" labor. If the 
dips were a defensive response of the fetus to 
the effects of uterine contractions,l<· atropine, 
by interfering with normal physiology, might 
have undesirable consequences for the fetus. 
The final elucidation of this problem calls 
for further investigation. 

-:.-According to Hon00 "fetal bradycardia may be, within 
limit~, a compensatory or adaptive mec.hanism, and there .. 
lor~ does not necessarily indicate fetal hypoxia but may 
reflect incrrasrd vagal tone." 
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