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Summary 

Not principally different from the results obtained in more 
mature subjects, monosynaptic reflex excitability of spinal moto
neurones in preterm infants decreases during active sleep. How
ever, in pre term infants the electric reflex response is not abol
ished, and is not even continuously depressed during the entire 
active sleep period. Spinal motoneurone inhibition is demonstra
ble only during certain periods of active sleep, and it is during 
this state of decreased spinal motoneurone excitability when 
apneic spells predominantly occur. 

Speculation 

The concept of apneic spells being promoted by rapid eye 
movement (REM) sleep brain mechanisms, as outlined by Ga
briel et al. (10) and supported by data of this study, can so far 
mainly explain respiratory pauses in otherwise healthy preterm 
infants. However, in neonatal sepsis, meningitis, hypoxia, hypo-

glycemia, etc., the same central nervous system inhibitory proc

esses should increase the risk of apneic spells, provided that 
active sleep states still exist. Furthermore, Bryan and Bryan (2) 
have demonstrated a considerable thoracic wall instability during 
active sleep, which is probably also due to inhibition of spinal 
motoneurones innervating intercostal muscles. Thus, when res

piratory brain stem centers are partly damaged, tonic spinal 
motoneurone inhibition during active sleep can additionally in
crease the infant's difficulty in maintaining sufficient respiration. 

"REMS is a time of profound motor paralysis in which 

tendon reflexes cannot be elicited and in which voluntary 

movement is impossible" (W. Dement, 1972 (4))-other

wise our dreams would have serious consequences. 

There is increasing evidence in the literature that in infants 
short respiratory pauses (25) and periodic breathing (8, 20),_,as 
well as apneic spells with and without bradycardia (9-11, 17) 



710 SCHULTE, BUSSE, AND EICHHORN 

occur predominantly in active or REM sleep. For our under

standing of the neurophysiologic events leading to respiratory 

arrest in preterm infants during active sleep , inhibitory mecha

nisms influencing spinal motoneuroncs, including respiratory 

neurones , are of great importance. It is well known from experi

mental studies in animals (l, 12, 13, 16), in human infants and 

adults (14, 15), and in full term newborns (23) that during REM 

sleep spinal motoncurones are subject to strong descending 

inhibitory influences . However, in immature infants the level of 

organization of sleep states, i.e., the development and coordina

tion of the different brain mechanisms which comprise active or 

quiet sleep, are still poor (5, 6) . It is therefore, the subject of this 

study to clarify whether in preterm infants spinal motoneurone 

inhibition occurs at all during active sleep, whether it is main

tained during the whole period of long lasting immature REM 

states, and whether this inhibition increases in relation to apneic 

spells. 

SUBJECTS (TABLE I) 

Seven prcterm infants with a gestational age of 30-37 weeks 

(birth weight normal for age) were investigated at a conceptional 

age (gestational age plus age from birth) of 30.5-38 weeks . In 

five infants a second polygraphic recording was obtained after 3-

5 weeks . Infants were included in this study only when their 

mothers were certain about their last menses and when preg

nancy, birth, and postnatal period were uneventful except for 

premature delivery. Only one infant had recurrent and pro

nounced apnea which required intensive care monitoring but not 

artificial respiration. Neurologic and physical examinations in 

the postnatal period and at the time of discharge were normal 

and appropriate for conceptional age. 

RECORDING TECHNIQUE 

Twelve polygraphic sleep recordings 1-2 hr in duration were 

obtained with at least one complete sleep cycle (one active and 

one quiet sleep state) being monitored . During the recording the 

infants were kept under normal incubator conditions at neutral 

temperature and room air. Polygraphic recordings were done on 

an 8-channel Schwartzer EEG machine and consisted of ( 1) 

respiration, registered by a thermistor attached to the infant's 

nose and, additionally, by expiratory CO2 estimation via a tube 

in the epipharyngeal space; (2) heart rate, recorded by conven

tional electrocardiogram; (3) facial and body activity, continu

ously observed during the recording and indicated by a code on 

the paper write-out; ( 4) observed rapid eye movements, regis

tered by a pushbutton device; (5) EEG, recorded with silver

silver chloride stick-on electrodes in a montage of four bipolar 

leads from bilateral frontocentral and frontotcmporal regions. 

The electrode resistance was about 4-5 kilo-ohms, the time 

constant 0.3 sec with a high frequency filter at 70 cps. Every 5-6 

min four to seven gastrocncmius monosynaptic stretch reflexes 

(MSR) were elicited by constant tendon taps with a conventional 

reflex hammer. The intervals between two reflexes were about 1 

sec each. The electric reflex responses were recorded with EMG 

skin electrodes and registered on a Tocnnies-Siemens EMG 

machine. 

ANALYSIS OF POL YGRAMS 

All records were visually analyzed page by page (20-sec ep

ochs). Respiration was coded as regular, irregular, or periodic. 

Pauses of more than l 0-sec duration were coded as apnca. Most 

of the apneic spells ceased spontaneously, a few were terminated 

by manual stimulation only. Heart rate was counted from the 

electrocardiogram. EEG patterns were coded according to our 

coding system which has been extensively described previously 

(18, 23) . With this coding system we arc able to recognize 

special EEG patterns indicative. of active and others of quiet 

sleep at different conceptional age levels . The amplitude of the 

electric reflex responses was measured and indicated in micro

volts. 

DEFINITION OF SLEEP STATES 

Three subsequent minutes were combined for the identifica

tion of sleep states which were defined as follows: quiet or non

REM sleep, paroxystic EEG with long lasting bioelectric black

outs without any rapid eye movements and regular respiration; 

active or REM sleep, nonparoxystic although frequently discon

tinuous EEG with rapid eye movements and/or body movements 

and irregular respiration. Every 3-min sleep period which could 

not be identified as either active or quiet sleep was classified as 

undifferentiated sleep. 

FALLACIES OF METHOD 

The definition of sleep states can be rather difficult in very 

immature preterm infants . Rapid eye movements under closed 

lids can sometimes be missed, small body movements do occur in 

both sleep states, and respiration can be irregular for short 

periods even in quiet or non-REM sleep. We therefore com

bined 3 min for identification of sleep states, thus neglecting 

short interruptions of an on-going sleep cycle if their duration 

was only 2 min or less. The distribution of sleep states found in 

this study is in accordance with what is reported in the literature 

(18). Thus, the introduction of monosynaptic stretch reflexes 

into the polygraphic recording did not substantially change the 

duration , the maintainance, and distribution of sleep states in 

preterm infants. 

The amplitude of the electric reflex response certainly varies 

not only with sleep states but also with the level of excitation of 

the spinal motoneuron pool which depends, among other vari

ables, upon the force of the tendon tap. The examiner, there

fore, was not allowed to follow the polygraphic recording. How

ever, rough identification of the behavioral state just by watch

ing the baby could not be avoided. With the conventional reflex 

hammer, however, the reflex stimulus in preterm infants usually 

turned out to be supramaximal and this at least partly eliminated 

one important source of error. 

The great interindividual differences of the mean reflex ampli

tude was found to be mainly due to electrode placement and 

perhaps partly due to gastrocnemius muscle mass. This differ

ence, however, is not a source of error, since in every case of 

reflex depression it was ascertained that the reflex response had 

completely recovered. 

Table l. Seven infants were investigated; in five infants two polygraphic recordings were obtained at different conceptional ages 

(gestational age plus age from birth) 

Gestational age, Conceptional age at record-

Case Initials Chart no . weeks/days Clinical course ing, weeks/days 

1, 4 RW 81189 30/0 Uneventful 30/3 33/4 

2, 10 OL 81018 32/0 Uneventful 32/4 37/1 

3, 9 MT 81025 28/5 Uneventful 32/4 36/6 

5,8 SB 80903 28/3 Pronounced apnea 33/6 36/5 

6 KK 81584 33/3 Uneventful 33/6 

7, II CT 80905 28/6 Uneventful 34/0 37/2 

12 RL 81323 36/6 Uneventful 37/5 
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Table 2. Duration of sleep states, number of tendon taps, and incidence of apneic spells for each single recording• 

Quiet sleep Active sleep Undifferentiated sleep 

Conceptional No. of No. of No. of 

age at record, No. of ten- apnea No. of ten- apnea No. of ten- apnea 

Case weeks/days Duration don taps spells Duration don taps spells Duration don taps spells 

1 30/3 26 30 22 38 3 22 36 

2 32/4 22 30 24 24 18 30 

3 32/4 30 106 43 108 8 15 20 

4 33/4 19 45 38 74 I 9 18 

5 33/6 14 22 32 19 2 12 22 

6 33/6 II 27 47 80 
7 34/0 6 6 81 86 3 3 6 

8 36/5 14 23 45 90 12 18 

9 36/6 18 33 54 65 5 9 

JO 37/1 21 34 14 27 2 24 24 

11 37/2 12 19 104 104 14 20 

12 37/5 8 IO 45 57 2 15 25 3 

' Even in the most immature infants, quiet sleep states were long enough to elicit a sufficient number of tendon taps. 

RESULTS 

Table 2 is a summary of the raw data of every recording made, 

indicating conceptional age of the infant at the time of investiga

tion, the duration of the different sleep states, the total number 

of tendon taps, and the occurrence of apnea in each sleep state. 

During well defined quiet or non-REM sleep the amplitude of 

the gastrocnemius monosynaptic stretch reflex response is sig

nificantly higher than during REM or active sleep (Fig. 1). 

During the whole series we were able to elicit multiple (i.e., 

clonic reflex) responses, which indicate high motoneurone excit

ability, only three times, and in all three cases these occurred 

during quiet sleep (Fig. 2). During active sleep, however, the 

MSR was not completely abolished . The amplitude of the elec

tric responses varied a little more during active than during quiet 

sleep, in 9 out of 12 recordings the first standard deviation was 

greater in active than in quiet sleep (Fig. 3). It could be noticed 

in all of our recordings that every now and then, particularly 

towards the end of the active sleep state, the reflex response 

increased, whereas it was depressed mainly during the first 

minutes after the sleep state had changed from quiet to active 

(this is apparent in Fig. 4). 

Apneic spells occurred more frequently during active than 

during quiet sleep even if one corrects for the greater amount of 

time the infants spend in active sleep (Table 3). So far, this study 

confirms the results obtained earlier in our laboratory on a 

different group of infants (9, 10). In this series it so happened 

that seven apneic spells occurred just when tendon taps were 

being applied. In all seven cases the amplitude of the reflex 

responses decreased during the apnea, when compared with the 

previous reflex series, regardless whether the baby was in active 

or quiet sleep (Fig. 5). 

DISCUSSION 

Not principally different from the results obtained in more 

mature subjects, monosynaptic reflex excitability of spinal moto

neurones decreases in preterm infants during active sleep. How

ever, in pre term babies the electric reflex response is not abol

ished, or even continuously depressed during the entire active 

sleep period. In contrast to similar studies, particularly with 

tendon reflexes in adults ( 12) , but quite in agreement with 

similar investigations in full term infants (23), our results indi

cate that during active sleep in preterm babies, periods of strong 

spinal motoneurone inhibition alternate with those of no detect

able inhibition at all. 

It is worthwhile to mention that Eliet-Fletcher and Dreyfus

Brisac (7) found tonic activity in chin muscle during quiet sleep 

likewise more inconsistent in preterm infants. Thus, in the early 
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Fig. I. The mean amplitude of all monosynaptic stretch rcnexes 

(MSR) elicited by tendon taps and electrically recorded from gastrocnc

mius muscle was higher in quiet sleep (QS) than in active sleep (AS) in 

all 12 recordings. 

stages of central nervous system development the tonically sus

tained processes of sleep state behavior, like motoneurone inhi

bition in active sleep and antigravity muscle tone in quiet sleep , 

show considerable inconsistency. 
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Fig. 2. During 12 polygraphic records 1-2 hr in duration and a total of 

over 1,000 tendon taps we were able to elicit multiple (i.e., clonic) re

flex responses, indicative of high motoneurone excitability, only three 

times. All three cases are depicted in this figure. Left: three consecutive 

lines each of three continuous EMG recordings with myoclonic dis

charges. Right: mean amplitude (x) of cloni and first standard deviation 
(S). All three cases occurred during quiet sleep. 
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Fig. 3. The amplitude of monosynaptic stretch reflexes (MSR) varied 
during both active sleep (AS) and quiet sleep (QS). Except for three 

recordi~gs, the variance was greater in active than in quiet sleep. 

Nevertheless, also in preterm infants spinal motoneurone inhi

bition is demonstrable during active sleep and it is during this 
state of behavior that apneic spells predominantly occur. During 

apneic spells the reflex responses are particularly depressed, 
indicating increased spinal motoneurone inhibition. From a de

tailed analysis of our results it seems unlikely that reflex depres

sion is due to apneic hypoxia. Some of the apneic spells are much 

too short to cause hypoxic motoneurone depression at all. More

over, motoneurone inhibition occurs at the onset of respiratory 

arrest. Apneic spells, spinal motoneurone inhibition, and cardiac 

arrhythmias are neurophysiologic processes which tend to occur 

together and they are facilitated by neurophysiologic mecha

nisms underlying active sleep. 

REM sleep appears to entail the simultaneous occurrence of at 

least three distinct processes ( 4 ): 

TONIC MOTOR INHIBITION 

Inhibition at the site of the ultimate central nervous system 
outlet, ensured by spinal motoneurone hyperpolarization (21, 
22). 

PHASIC ACTIVITY 

Paradoxically, at the same time when spinal motoneurone 

inhibition prevents almost all central nervous system activity 
from reaching the musculature, the brain produces enormous 

bursts of activity which give rise to a series of short lasting events 

like rapid eye movements, muscular twitchings, sudden changes 

in pupil diameter, penile erection, and the PGO (pontine-genic

ulate-occipital) spikes. 

CENTRAL NERVOUS SYSTEM AROUSAL 

In many aspects, particularly under the viewpoint of nonspe

cific measures of central nervous system activity levels like EEG, 
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Fig. 4. The amplitude of monosynaptic stretch reflexes (MSR) was 

invariably depressed during the first part of active sleep. The great 

variance of MSR during active sleep was mainly because toward the end 
of the active sleep (AS) state MSR tended to increase. QS: quiet sleep. 

AS 
QS 

UDS 

Table 3. Sleep states and apnea• 

% of time 

61.l 

22.4 

16.5 

% of apnea 

77.8 
7.4 

14.8 

1 Apneic spells are rarely observed during quiet sleep (OS). In this 
study, 78% of all apnea occurred during active sleep (AS) and only 7% 

during quiet sleep, although the percentage of time spent in the two sleep 
states was 61 % and 22%, respectively. UDS; undifferentiated sleep. 

Number of recordings= 12; number of apneic spells= 27. 
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Fig . 5. During an apneic spell monosynaptic reflex responses (MSR) 

were greatly depressed. QS: quiet sleep; AS: active sleep; UDS: un
differentiated sleep. 

brain temperature and cerebral blood flow, the brain in active 

sleep resembles the awake or arousal state except for the ab
sence of awareness. 

It is only with these three active sleep brain mechanisms in 

mind that we can understand why , during active sleep , the 

preterm infant breathes faster one minute and stops breathing all 

together in the next. In the light of the above mentioned REM 
sleep concept it is also no longer contradictory that the first 
respiratory movements of the fetus in utero can be detected 
during active sleep (3). In active sleep there is a continuous 

competition between strong internal central nervous system 
arousal and sustained spinal motoneurone inhibition. Tonic inhi
bition prevents most of the phasic events within the brain from 

leaving the central nervous system. In preterm infants our study 
disclosed a remarkable fluctuation of tonic inhibitory processes 

during active sleep. This explains why, particularly in the very 
immature infant, a considerable amount of phasic activity es
capes from the central nervous system, giving rise to an enor

mous wealth of twitchings and even to respiratory movements in 
utero, and why at other times the same baby during active sleep 

is absolutely flaccid, motionless, and even apneic. 
Although less frequent, apneic spells can also occur in quiet 

sleep. They can probably be explained on the basis of incomplete 
development of excitatory axodendritic synapses in brain stem 

respiratory centers as hypothesized by Gabriel et al. ( 10). Fur
. thermore, a certain number of all apneic spells are undoubtedly 
due to central nervous dysfunction and/or lung disorders. Such 
"complicated apnea" was not subject of this study. In this series, 

when apneic spells occurred during quiet sleep, the amplitude of 

the gastrocnemius monosynaptic reflex response decreased si

multaneously. The inadequate coordination of the different 

sleep state parameters and their poor maintainance over a longer 
period of time in immature infants could support the argument 

that in preterm babies quiet sleep is sometimes interrupted by 

Copyright IC) 1977 International Pediatric Research Foundation, Inc. 

incomplete bursts of active sleep. Brief and abortive REM sleep 
episodes may sometimes be indicated either by a change in the 

ongoing EEG pattern, by a group of eye movements, by a short 
period of irregular respiration , or sometimes merely by a short 
spinal motoneurone inhibition including respiratory arrest. 
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