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Fetal Behavior at 30 to 32 Weeks of Gestation
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ABSTRACT. Coordinated behavior states with concomi-
{ant variation in cyclic patterns of heart rate and of cye
and gross body movements are present in the near term
fetus. As in the newborn infant, there is conflicting evidence
concerning their relationship at earlier gestational ages. In
the present study 120-min recordings were made of fetal
heart rate, eye, and gross body movements in Il healthy
nulliparous women who were 30 to 32 wk pregnant. From
the presented data it is concluded that at this gestational
age heart rate variation and eye and gross body movements
are not independent variables and that coordination among
the cyclic patterns of these variables starts well before 36
wk. (Pediatr Res 22: 655-658, 1987)

Abbreviations

RIEM, rapid eye movement

In the full-term newborn infant behavioral states are charac-
terized by relatively stable periods of time with particular com-
binations of well-defined behavioral characteristics. At transi-
tions between states the different state variables change simulta-
necously. On the basis of both observational and polygraphic
studics in the newborn infant. behavioral or sleep states can be
recognized from 35 to 37 wk onward (1-3). Before that time
cyeles of regular/irregular breathing, episodes of rapid/nonrapid
eye movements and motility/quicscence are independent of cach
other according to a study of Prechth er al. (1)

After 36 wk gestation in the human fetus coordinated behav-
ioural states arc present with concomitant variation in cychic
patterns of heart rate and of eye and body movements (4). Before
this age cveles of cach of these variables also are present (4) and
between 28 and 36 wk significant relations of heart rate variaion
with gross body movement pattern (5. 0) and of body movement
with cve movement incidence (7) have been reported. According
to Nijhuis ¢ al (4). however, the relatively short duration of
combinations of particular states and the lack of simultancity of
changes in the state variables Jead to the conclusion that before
36 wk the periods of state coincidence occur by chance and do
not represent organized behavioral states. In the latter study the
same assessment technigue was used as by Prechtl ¢ al. (1) in
newborn infants. namely a 3-min moving window by which
body movements and cye movements arce classified as being
cither absent or present.

Recently several authors have shown that in the preterm
newborn infant differentiation between active and quict sleep I
possible using EEG and REM criteria (8. 9). Morcover. at least
from 31 wk postmenstrual age onward. movements predominate
in active as compared to quict sleep (10). In order to determine
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whether there is a coordination among the cyclic patterns of
heart rate. gross body movements, and cye movements in the
30- 1o 32-wk-old fetus we studied these variables in 11 fetuses of
this gestational age. This age was chosen because itis hkely to be
the carliest at which associations might be found. This holds for
the preterm newborn infant (10, 11) as well as for the fetus. In
the fetus relations between heart rate and gross body movement
patterns. and between body movements and ¢ve movement
incidence were demonstrated previously only from 28 and 30
wk onward. respectively (6. 7).

PATIENTS AND METHODS

Eleven healthy nulliparous women with normal pregnancies
of 30 to 32 wk were invited to participate. The duration of
pregnancy was calculated from the Ist day of the last menstruat
period. In all 11 women this duration had been validated during
the first trimester by ultrasound measurements of crown-rump
length and biparictal diameter. The subsequent course of preg-
nancy and delivery were uneventful. Al infants were born after
37 wk of gestation. were appropriate for dates (birth weight 3100
to 4190 g). and did well at and after birth. Durtng pregnancy
none of the women were on medication and they did not smoke.

The studies took place between 1600 and 1900 h and had a
duration of 120 min. Records were made with the women Iying
in a semirccumbent position. Fetal heart rate was measured
using an ultrasound transducer and was recorded on a cardioto-
cograph strip chart (Hewlett Packard 8040A). ve and gross body
movements were observed using two lincar array real-time scan-
ners (Searle 2300 and Aloka 250). The scanners were held so
that a sagittal section of the fetal trunk and an oblique-sagittal
transsection of the fetal face. including an eye (12). were visible.
Ietal eve and gross body movements were recorded digitally,
with the use of an cevent marker and. with fetal heart rate.
encoded on an analog 7 tape recorder and on an event recorder.
A compressed 120-min record is shown in Figure 1.

Fetal heart rate records were assessed visually by an investiga-
tor not involved in the study and were subdivided as patterns A
and B. using the criteria defined by Nijhuis ¢7 af. (4). In pattern
A heart rate is stable. with a smalt oscillation bandwidth: isolated
accelerations may occur. In pattern B heart rate has a wider
oscillation bandwidth and frequent aceelerations occur. Patterns
C and D (with a wide oscillation bandwidth and an absence of
accelerations or the presence of prolonged accelerations. respec-
tively) were categorized as pattern Boin the present study. Bye
movements were quantified by caleulating their number per
minute and gross body movements by calculating the pereentage
of time they occupied per minute.

Original data on l-min cye and gross body movement inci-
dence were used for studving their relationship with the two
heart rate patterns. As for the relation between eve and body
movement patterns. data were reduced by calculating their inci-
dence in 4-min epochs. As prolonged body movements often
prevent adequate simultancous obscrvation of eve movements.
these data were smoothed by using a low pass filter (1, = 0.5 1,
+ 0.5 1, ). This filter transmits all of the lowest frequency
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Fig. 1. Example of a record of fetal heart rate, gross body movements, and eye movements taken at 31 wk gestation.

components in the time series t,; it transmits only half of the
power of a component with a frequency of 1 cycle per 8 min
and nothing at frequencies of ! cycle per 4 min and higher
(transfer function G (f) = %2 (1 + cos 2 N f). With this technique
artifacts induced by not observing eye movements are prevented
as much as possible, while the cyclic patterns of eye and gross
body movements and their relationship can still be analyzed.
The relationship between the 4-min eye and body movement
incidence was studied per patient by calculating the correlation
coefficient. Using the Fisher Z transformation test the correlation
coefficient was calculated for the total group. The paired ¢ test
was used to compare the incidence of eye and gross body move-
ments during episodes with fetal heart rate patterns A and B.

RESULTS

All fetal heart rate records showed episodes of pattern A and
B. Pattern A was, on average, present 23% of the time (range 8
t0 41%) and pattern B 61% (range 38 to 74%); 16% of the time
it was not possible to classify the heart rate pattern, usually
because of the poor quality of the recording. The median dura-
tion of a complete episode of heart rate pattern A was 18 min
(range 7 to 35 min) and that of a complete cycle of pattern A
and B 50 min (range 40 to 75 min; n = 7). Including cycles that
were not completed within 120 min, a median cycle length of 66
min was found.

In all fetuses the incidence of eye and gross body movements
was lower during heart rate pattern A than during pattern B (Fig.
2; paired ¢ test, p < 0.005). The median values were 0.4 and 3.8
per min, respectively, for eye movements and 2.1 and 12% of
time per min for gross body movements.

Based on these data 4-min epochs were considered to have a
low eye or gross body movements incidence if during such an
epoch four or fewer eye movements were observed or if body
movements occupied less than 4% of the time. The relationship
between the heart rate patterns A and B and concomitant low or
high incidence of eye and/or body movements is shown in Table
1. Atotal of 57% of the time both eye and gross body movements
were of low incidence during pattern A; during pattern B both
movements were of high incidence 74% of the observation time.

Assessed visually, in four cases there was a striking correlation
between eye and gross body movement patterns (Fig. 3); on six
occasions the patterns corresponded reasonably well (Figure 4),
while on one occasion no relation could be seen (Fig. 5). Statis-
tical analysis showed a significant correlation between 4-min
epoch incidence of both types of movements in seven fetuses (r
=0.41100.79); in the other four fetuses no significant correlation
was found (r = ~0.16 t0 0.29). Using the Fisher Z transformation
test, a significant correlation between the two variables was
demonstrated in the total group (r = 0.44; ; < 0.0005).

One of the main characteristics of behavioral states is that at
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Fig. 2. Incidence of fetal gross body movements and of eye move-
ments during heart rate pattern A and B. Each dor represents an individ-
ual.

transitions between states the different state variables change
simultaneously. This aspect was investigated by studying changes
in eye and gross body movement incidence within 4 and 6 min
of a change in heart rate pattern. Episodes were considered to
have a low eye or gross body movement incidence if during two
or more consecutive 4-min epochs the incidence of eye move-
ments was equal to or less than four per 4 min or body move-
ments occupied less than 4% of the time. Changes in pattern of
the variables were considered to be in agreement with each other
if a change from heart rate pattern A to B was associated with a
change of both eye and body movements from low to high
incidence, or if a change from pattern B to A was associated with
a reduction in incidence of both types of movements.

On 31 occasions a change in heart rate pattern was observed.
In no case did both eye and body movements incidence change
in the inappropriate direction within 6 min of this change. In
contrast, a change in both patterns corresponding to the change
in heart rate pattern was observed on 15 occasions within 4 min
(48%) and on 22 occasions within 6 min (71%). If the pattern
changes of the three variables were totally independent of each
other, theoretical percentages of 1 and 3 would have been ex-
pected (taking into account the number and direction of the
pattern changes). Percentages of 3 and 6 were found when three
randomly determined 8- and 12-min episodes were taken, during
which no change in heart rate pattern occurred. The number of
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Table 1. Refationship of fetal heart raie paitern -4 and Bowith epochs of low or high eve and/or gross bodv movement incidence
(expressed as percentage of ime % SEV)

Pereentage
total recording time

Fetal heart
rate pattern

Both low

Coincidence with epochs
of high or low cve and/or
general movement incidence
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Fig. 3. Example of one of the four cases in which there was a good
correlation between fetal eve and gross body movements patterns. Be-
tween min 76 and 88 a fetal eve could not be visualized. Sume record as

shown in Figurc 1: the correlation coeflicient between the incidence of

eye and gross body movements was 0.33.

changes of both eye and gross body movement pattern within 4
10 6 min of changes from heart rate pattern A to B was identical
to that of the number of changes in the opposite direction when
heart rate changed from pattern B to A,

Another approach is shown in Figure 6. In episodes in which
the heart rate pattern A exceeded 12 min (14 observations mn 10
fotuses: data were standardized per fetus). the incidence of eyve
and gross body movements was calculated during the 6 min
preceding and following a change in heart rate pattern. As seen
in Figure 6 as well as from the data presented before. itis clear

that at 30 to 32 wk of gestation there is an emergence of

coordination between the evelic patterns of heart rate. eye. and
gross body movemaents.

DISCUSSION

Both in the newborn infant and in the fetus clear behavioral
states oceur at about 36 wk postmenstrual age (1-4). There is.
however, conflicting evidence concerning the relationship of the
state variables at carlier ages. In the newborn infant Dreyfus-
Brisac (2) noted the appearance of typical active sleep at 35 wk
and of typical quict sleep at 37 wk. Before this time. however,
active sleep. different from that obscrved in the full-term new-
born, can be recognized (13). whereas quict sleep, “the last to
attain its typical organization™. may be recognized as carly as 31
wk, but with atypical components (11).

movements patterns corresponded reasonably well. In this case this was
especially true for the first part of the recording. Correlation coctlicient
hetween the incidence of eve and gross body movements was 041
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Fig. 5. Recording in which no relation between total eve and gross

body movement pattern was present (correlation coeflicient —0.16.).
Between min 44 and 60 a fetal eve could not be visualized.

Recently it was shown that in the preterm newborn infant
differentiation between active and quict sleep is possible using
EEG and REM criteria (8. 9). and it appears that at least from
31 wk postmenstrual age onward movements predominate in
active sleep as compared to quict sleep (10). Thus in the preterm
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Fig. 6. Incidence of fetal eye and gross body movements (mean and
SEM) during the 6 min preceding and following a change in fetal heart
rate pattern. Only episodes with heart rate pattern A that exceeded 12
min were studied. Data were standardized per fetus.

infant the relationship between different state variables is not
coincidental. In contrast, it shows “the existence of differences
in control of physiological variables according to sleep states as
early as 31 wk” (10). Discrepancies with the study of Prechtl e
al. (1) may be due to the fact that in the preterm infant during
quiet sleep, movements are still rather common (13, 14). This
might explain why, with a technique that does not quantify
movements but classifies them as being either absent or present,
coordination of state variables cannot be demonstrated before
36 wk. The same holds for the data before birth, as Nijhuis ¢z al.
(4) also only classified fetal movements. Concomitant cyclic
changes of the variables might not be detected if during episodes
of relative “quiescence” some movements are still present.

The data of the present study regarding the human fetus are
in agreement with the more recent findings in preterm infants.
Using different approaches it was shown that at 30 to 32 wk of
gestation heart rate variation and eye and gross body movements
are not independent variables and that coordination among the
cyclic patterns of these variables is present well before 36 wk. At
this age this coordination is, however, far from perfect. Although
for the whole group a significant correlation was found between
4-min epoch incidence of eye movements and gross body move-

VISSER ET AL.

ments, this could only be demonstrated for seven of the 11
fetuses. Moreover, changes in the state variables seldom occur
exactly at the same time. These data suggest a more or less
gradual development of behavioral states. They do not contradict
earlier findings in fetuses and newborn infants that fully coordi-
nated behavioral states develop at later ages.

The number of more or less coordinated state changes was
identical when fetal heart rate changed from pattern A to B or
from B to A. Therefore with the development of states it is likely
that the coordination at the different transitions occurs at about
the same time. In the near term fetus the duration of a complete
cycle of low and high heart rate variation is about 80 min (15).
This is about the same length as that of a REM-non-REM cycle
in the newborn infant. The present findings as well as those of
others (5, 16) indicate a shorter cycle length at earlier gestation.
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