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The durationb, EEG and eye movement 
(EM) patterns in successive NREM and REM 
periods (NREMPs and REMPs) in human 
sleep have been described for the first 4-5 
NREM sleep cycles (i.e., through completion 
of the fourth and fifth REMPs) (Feinberg et 
al. 1967; Feinberg 1974a). This is the number 
of NREM cycles typically completed in labo- 
ratory studies of sleep (see Feinberg 1974a; 
Williams et al. 1974). 

However, the durations of NREMPs and 
REMPs in cycles’ later than the fifth have 
not yet been established. I t  is not known 
whether NREMP durations continue the 
decline w d y  demonstrated across 
NREMPs3+ or, instead, reach an asymptote. 
We are equally uncertain as t o  whether, if 
sleep is prolonged, REMP length remains at 
the high levels of the fourth and fifth cycles, 
increases, or declines. Answers to these ques- 
tions are required to complete the empirical 
description of human sleep cycle patterns. 

In this study, subjects were required to 
remain in bed for 8 h, 1 2  h and 8 h on 3 con- 
secutive nights, each beginning at the same 

This work was supported by research funds from 
the Veterans Administration. 

Current address: Manhattan Veterans Administra- 
tion Medical Center and New York University Medi- 
cal School, New York, N.Y. 10010, U.S.A. 

In this paper ‘cycles’ refers to NREM cycles mea- 
sured from onsets (stage 2) of NREMPs, i.e., the cycle 
periods are the durations of NREMP, + REMP,; 
NREMPz + REMPz, etc. (see Feinberg and Floyd 
1979 for details of measurement). 

clock time (11:OO p.m.). This design per- 
mitted us to determine, with minimal intru- 
sion on circadian rhythms, the sleep cycle 
characteristics during extended sleep and the 
effects of extended sleep (and decreased wak- 
ing) on the temporal and sleep stage charac- 
teristics of the subsequent night’s sleep. In 
addition to visual sleep stage scoring, the C3- 
A1 EEG was analyzed with a period and am- 
plitude analysis program (PANV 35) previ- 
ously described (Feinberg et al. 1978, 1980). 
The results of the computer analysis will be 
presented in a subsequent report. 

i 

Method 

Subjects (Ss)  
The 21 male Ss were, with two exceptions, 

undergraduate medical students recruited as 
paid volunteers. The two exceptions were col- 
lege undergraduates who were also paid for 
their participation. The group ranged in age 
from 20.3 to  29.3 years with a median of 
24.1 years. They were requested to abstain 
from daytime sleeping and all psychoactive 
drugs (including alcohol) during the period of 
the study. None of the Ss habitually napped. 

Recording schedule 
Night 1 was an adaptation (A) night: lights 

out at  11:OO p.m.; awakening at  7:OO a.m. 
Night 2 was for extended (E) sleep: lights 

out at 1 1 : O O  p.m.; Ss were required to  remain 
in bed until 11 :OO a.m. and to attempt to  
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sleep as much as possible. 
Night 3 was the recovery (R) night: lights 

out at 11:OO p.m. and awakening at 7:OO a.m. 
Thus, the Ss were in bed 8 h on the first and 
third nights and 12 h on the second. 

Scoring 
EEG and eye 'movement were recorded as 

previously described (Feinberg et  al. 1967). A 
C3-Al lead was recorded for. off-line com- 
puter analysis. The extended and recovery 
nights' records were scored visually according 
to the methods of Feinberg et al. (1967) 
except that stages 3 and 4 were classified by 
the Rechtschaffen and Kales (1968) criteria. 
The scoring system of Feinberg et  al. differs 
from that of Rechtschaffen and Kales mainly 
in that non-REM stage 1 is counted as time 
awake and eye movement activity is quanti- 
fied in addition to time spent in stage REM. 
Visually scored data were coded on optically 
scannable forms permitting easy computer 
tabulation by sleep cycle as well as for the 
entire night (Fein and Feinberg 1979). 

Results 

In studies of cycle length, it is necessary to 
establish some criterion for cycle completion 
(Feinberg 1974a; Feinberg et al. 1967). We 
defined as complete a REM period which was 
followed by at least 15 min of NREM sleep. 
All complete REMPs were followed by at 
least 5 min of NREM sleep. 

All-night sleep totals 
Table I gives 

the all-night totals for the main sleep variables 
for the E and R nights and for selected mea- 
sures of REM, NREM and waking on the 
adaptation (A) night. In interpreting this 
table, the reader should bear in mind that the 
increased time in bed and total sleep time on 
the E night necessarily produced significant 
differences on the R night for many variables, 
such as total time in each sleep stage, total 
time in bed awake, etc. Comparisons of sleep 

Comparison of mean values. 
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EEG patterns within the E and R nights, how- 
ever, can appropriately be made for the first 4 
NREM cycles. The data by cycle are pre- 
sented in the figures below. These figures 
reveal that the only difference between the E 
and R nights in the EEG patterns in the first 4 
cycles was in the amount of stage 4 EEG in 
the first NREMP. 

Average time in bed on the A, E and R 
nights (473, 716, 479 min) was quite close to 
the targets of 480, 720 and 480 min; Ss ob- 
tained 429, 627 and 426 min of sleep on the 
3 nights. .Thus, in the 24 h which preceded 
the E night, the average sleep/wake ratio was 
0.298 whereas that which preceded the R 
night was 0.436, Expressed differently, in the 
24 h preceding the R night, the Ss had been 
awake an average of 198.4 min less than in 
the 24 h preceding the E night. Although the 
group averaged 88.3% of their time in bed 
asleep on the R night, they showed clear evi- 
dence of the effects of sleep satiation. Sleep 
latency on the R night was significantly 
increased over the value for the E nigh: ( t  = 
4.31, df = 20, P <  0.001) as were the number 
of awakenings and amount of body move- 
ment artifact in the first 3 NREM cycles (for 
arousals, t = 2.35, df = 20, P < 0.05; for body 
movement artifact, t = 3.53, df = 20, P < 
0.005). The first 3 NREM cycles were chosen 
for this comparison because all Ss completed 
at  least 3 NREM cycles on both nights. Of 
course, as time in bed was experimentally pro- 
longed on the E night, more and more waking 
occurred, accounting)for the high proportion 
of time awake after sleep onset on this night 
(Table I). 

Table I also shows that the amount of REM 
sleep on the E night was almost twice as great 
as that obtained on the A night. In spite of 
this huge increase above habitual levels, REM 
latency did not differ on the E and R nights 
and REM sleep occupied a normal percentage 
of the R night's sleep. As we will show below, 
the distribution of REM across the night was 
also unaffected by the surfeit of REM during 
extended sleep. These results are consistent 
with the earlier findings of Aserinsky (1969) 

EEG AND EXTENDE 

TABLE I 
Means (and standard 
nights (N = 21 subject 

1. Total sleep time ( 
2. Total time in bed 
3. Sleep latency (mi 
4.  Time awake after 
5. Total time in bed 
6.  % time in bed awa 
7 .  % time awake aft' 
8.  Total NREM slee 
9. Stage 2 (min) 

10. %Stage 2 
11. Stage 3 (min) 
12. '7% Stage 3 
13. Stage 4 (min) 
14. Total delta (stage 
15. %Stage 4 
16. Eye movement la 
17.  Total REM sleep 
18. % Stage REM 
19. EM activity (4  se 
20. EM density (EM 

REM epochs 
21. EM burst (EM ac 

REM epochs T 

22. Total muscle acti 
(20 sec epoch: 

* This night's record 
4 subjects were lost d 
* * Significance levels 

TABLE I1 
Trend analyses for ck 

Variable 

NREMP duration 
Stage 4 duration 
REMP duration 
Total EM/REMP 
EM density 

* P < 0.05. 
** P < 0.01. 

* * *  P < 0.001. 
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TABLE I 
Means (and standard deviations) for visually scored sleep measures on the adaptation, extended and recovery 
nights (N = 21 subjects). 

Adaptation * Extended Recovery P **  

1.  Total sleep time (min) 
2. Total time in bed (min) 
3. Sleep latency (min) 
4. Time awake after onset (min) 
5. Total time in bed awake 
6. % time in bed awake 
7. % time awake after o&et 
8. Total NREM sleep (min) 
9. Stage 2 (min) 

10. %Stage 2 
11. Stage 3 (min) 
12. %Stage 3 
13. Stage 4 (min) 
14. Total delta (stages 3 and 4 )  
15. % Stage 4 
16. Eye movement latency 
17. Total REM sleep (min) 
18. % Stage REM 
19. EM activity (4 sec epochs) 
20. EM density (EM act./4 sec 

21. EM burst (EM act./20 sec 

22. Total muscle activity 

REM epochs 

REM epochs with EMS) 

(20 sec epochs) 

428.94 (54.07) 627.34 (50.71) 
473.22 (21.26) 715.83 (7.37) 

14.68 (12.30) 
73.82 (46.00) 

44.27 (53.54) 88.49 (49.02) 
12.37 (6.93) 
10.56 (6.67) 

324.10 (34.13) 427.47 (37.86) 
329.20 (37.79) 

77.05 (6.66) 
48.34 (14.94) 
11.27 (3.14) 
49.49 (24.27) 
97.83 (29.87) 
11.56 (5.67) 
74.98 (29.09) 

104.84 (35.81) 199.87 (34.90) 
23.86 (7.13) 31.78 (4.40) 

877.71 (294.75) 

0.2882 (0.0688) 

2.6615 (0.2680) 

142.33 (48.37) 

425.78 (32.05) 
479.29 (1.80) 

32.18 (20.77) 
21.33 (29.30) 
53.51 (31.89) 
11.17 (6.65) 
4.71 (6.36) 

308.80 (17.89) 
229.04 (24.12) 

74.21 (7.04) 
38.12 (10.10) 
12.33 (3.11) 
41.28 (22.31) 
79.39 (22.66) 
13.32 (7.03) 
79.60 (31.53) 

116.98 (19.73) 
27.32 (3.00) 

506.95 (150.94) 

0.2889 (0.0721) 

2.7280 (0.2845) 

120.57 (40.64) 

0.001 
0.001 
0.001 
0.001 
0.05 
ns 
0.01 
0.001 
0.001 
0.01 
0.005 
ns 
0.05 
0.001 
ns 
ns 
0.001 
0.001 
0.001 

ns 

ns 

0.05 

* This n’ight’s record scored only for REM, NREM and waking. The N for this night is 17 because the data from 
4 subjects were lost due to a power outage. 

Significance levels for paired, two-tailed t-tests comparing E and R nights, df = 20. * *  

TABLE I1 
Trend analyses for changes in sleep variables across cycles. 

Variable No. of No. of F 
-- cycles ss 

Linear Quadratic Cubic df 

NREMP duration 6 18 33.7 *** 1.6 4.4 * 1,105 
Stage 4 duration 4 21 109.2 *** 23.1 * * *  0.5 1 , 1 4 0  
REMP duration 7 9 11.9 **  14.6 *** 2.4 1 ,  48  
Total EM/REMP 7 9 24.1 *** 6.0 * 0.3 1 ,  48  
EM density 7 9 20.3 *** 0.1 4.3 * 1 ,  48  

* P < 0.05. 
** P < 0.01. 

*** P < 0.001. 
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and Verdone (1968). As expected on the basis 
of the work of Webb and Agnew (1971) and 
others, the amount of delta sleep (stages 3 
and 4) on the R night was reduced since it 
had been preceded by a shorter period of 
waking. This finding is discussed further 
below, in the context of the description of 
the distributions of stage 4 across NREMPs on 
the E and R nights. 

NREMP durations 
We have found it instructive to carry out 

trend analysis of the distribution of EEG 
sleep patterns by successive NREMPs and 
REMPs (Feinberg 1974a; Feinberg et al. 
1967). Although we have developed a ‘meta- 
bolic’ model to account for the changes in 
cycle patterns across the night and as a func- 
tion of age (Feinberg 1974a), the trend anal- 

’-. 
50 oj 

1 2 3 4 5 6  
NREM PERIOD 

L, , , , , , , 

Fig. 1 .  Successive NREMP durations for the 18 Ss 
who completed 6 NREMPs on the E night and 4 
NREMPs on the R night. On the E night there was a 
highly significant linear trend and a weaker cubic 
trend; on the R night, only a quadratic trend was 
present. The late flattening of NREMP duration curve 
on the E night, taken in association with the data 
from the 13 Ss who completed 7 NREMPs, suggest 
that an asymptote for NREMP duration is 
approached in the fifth cycle (see text). 
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yses are best considered descriptive rather 
than as testing theoretical predictions. The 
results of the main analyses are given in Table 
11. Unless otherwise indicated, statistical sup- 
port for the description in the text of across- 
night trends is provided in Table 11. 

One of the main questions in this study was 
whether NREMP durations on the E night 
would continue to decline after NREMP,; a 
decline between the third and fifth NREMPs 
had already been demonstrated (Feinberg 
1974a; Feinberg et al. 1967). 

Fig. 1 plots the durations of the successive 
NREMPs for the 18 Ss who completed 6 
NREMPs on the E night. This curve has a 
highly significant linear component which 
accounted for 27% of the within4 variance. 
The linear trend resulted from the markedly 
lower durations of NREMPs4+ as compared 
with NREMPsl-3, which were approximately 
equal in duration. A marked decrease in 
NREMP duration across NREMPS~-~ is found 
from childhood to old age and is one 6f the 

0 EXTENDED NIGHT 

A RECOVERY NIGHT 

N=2l  

I .  

NREM PERIOD 

Fig. 2. Minutes of stage 4 EEG in NREMPs1-4 on the 
E and R nights. The decline in stage 4 on the E night 
appears exponential4 with NREMPs2+ having one- 
third the amount of stage 4 as the preceding NREMP. 
On the R night, which had been preceded by 3 h 18 
min less waking than the E night, stage 4 was signifi- 
cantly reduced in the first NREMP. The difference 
between E and R nights in stage 4 trends across 
NREMPs was statistically significant. 
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most consistent of the temporal phenomena 
of human sleep (Feinberg 1974a). Fig. 1 also 
shows that NREMPS and NREMP6 were of 
similar duration; the two inflections in the 
NREMP curve produced a statistically signifi- 
cant, albeit weak cubic component. Computer 
analysis of delta wave forms also supported 
the interpretation that NREMP processes 
reach an asymptote in about the fifth 
NREMP. Thus, while all computer measures 
of 0.5-3 c/sec activity showed progressive 
changes from NREMP1 through NREMPS, 
these delta measures were at virtually identi- 
cal levels in NREMPS and NREMP6. 

To evaluate further the question of an 
asymptote for NREMP durations, we exam- 
ined data from the subgroup of 13 Ss who 
completed 7 NREMPs. Statistical analysis 
revealed only a significant linear component 
( F  = 45.8, df = 1 ,  72, P <  0.001) accounting 
for 37% of the within-S variance. However, 
the average decline from NREMPS to 
NREMP, was only 5.2 min compared to a 
decline of 18.8 min between NREMPs3 and $. 

Thus, the data from the subgroup of Ss that 
completed 7 NREMPs, as well as those from 
the larger group with 6 complete NREMPs, 
suggest that NREMP durations approach an 
asymptote in the fifth NREMP. 

Fig. 1 also plots the durations of 
NREMPs14 on the R night. Trend analysis of 
NREMPsl4 on the E and R nights revealed a 
significant quadratic component (F = 12.59, 
df = 1, 140, P <  0.001) with no significant 
interaction effects. Fig. 1 shows that the dura- 
tions of the first two NREMPs on the R night 
were slightly shorter than the corresponding 
values on ,the E night; these differences did 
not approach statistical significance. 

Stage 4 EEG 
High-voltage, dense delta activity (stage 4 

EEG) has long been known to decline in 
abundance across nocturnal sleep. Virtually 
all stage 4 activity is completed by the end of 
the third NREMP in young adults (Feinberg 
1974a). Fig. 2 plots the amount of stage 4 
across NREMPs14 for the E and R nights. 

This figure shows that stage 4 declined in a 
geometric fashion across NREMPs on the E 
night, with NREMPsZ4 each having about 
one-third the amount of stage 4 found in the 
previous NREMP. The E and R nights differed 
significantly in the quadratic component of 
their trends ( F  = 5.79, df = 1,140, P < 0.05). 
Post-hoc analysis revealed that this effect was 
due to the reduced stage 4 in NREMPl on the 
R night. 

In the 24 h period preceding the R night, 
there occurred 3 h 19 min less waking (i.e., 
more sleep) than in the 24 h preceding the E 
night. We therefore expected that the amount 
of stage4 EEG would be reduced on the R 
night. What was unexpected was that this 
reduction was limited entirely to NREMP,; 
stage 4 was slightly (and insignificantly) 
increased in NREMPz and at almost identical 
levels to those of the E night in NREMPs3 and 
4. 

REMP durations 

Only 9 Ss completed 7 NREMPs on the E 
night. The REMP durations for this subgroup 
are plotted in Fig. 3 for the E and R nights. 
On both nights, REMP durations increased 
from the characteristically low values found 
in young adults in the first REMP to high lev- 
els in REMP4. These consistent increases pro- 
duced highly significant linear trends on both 
nights. However, on the E night, REMP dura- 
tions fell in REMPs, and after reaching a 
maximum in REMPS, producing a significant 
quadratic trend. Thus, as sleep processes are 
satiated, NREM-REM cycling occurs more 
rapidly as the episodes of both kinds of sleep 
become shorter. 

Number and density of eye movements 
The number of eye movements 

(EM) was estimated by counting the number 
of 4 sec epochs of REM sleep with EM activ- 
ity. Fig. 4 shows that total EM activity 
increased sharply across REMPs14 on both 
nights, producing a highly significant linear 
trend. On the E night, total EM activity in 

Number. 
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EXTENDED NIGHT 0 

RECOVERY NIGHT A I N-9 

l o o t  
L . . . . . ' .  

1 2 3 4 5 6 7  
REM PERIOD 

Fig. 3. Successive REMP durations on the E and R 
nights. Only 9 Ss completed 7 REMPs on the E night 
but the late decline in REMP duration produced a sta- 
tistically significant quadratic component. The excess 
REM obtained on the E night (191% of the A night's 
value) did not slow the onset or significantly alter the 
temporal pattern of REMPs on the R night. 

FXTENDED NIGHT 
RECOVERY NIGHT A 
NZV 

1 2 3 4 5 6 7  

REM PERIOD 
Fig. 4. Total eye movement activity across REMPs on 
the E and R nights. As with REMP duration, eye 
movement activity on the R night was unaffected by 
the excess amount which occurred on  the E night. On 
the E night, total EM activity was a t  about the same 
level in REMPQ-~, although the durations of 
REMPs6 and declined (see Fig. 3). This result is 
explained by the late increase in EM density (see next 
figure). 

"'"1 
I . . . ' . . .  

1 2 3 4 5 6 7  
REM PERIOD 

Fig. 5. EM density (number of 4 sec epochs with EM/ 
number of 4 sec epochs of REM sleep) for successive 
REMPs. After increasing t o  a constant level across 
REMPs44, EM density showed an abrupt increase in 
the seventh REMP, producing a significant cubic com- 
ponent in the trend. -EM density on the R night was 
not affected by the 'surplus' eye movement activity 
which occurred on the E night. 

REMPs, and had declined (Fig. 3). The sus- 
tained level of EM activity in these shorter 
REMPs resulted from a high density of eye 
movement activity (see below) in REMPsS and 
6 .  The leveling off of total EM activity across 
REMPs4-, contributed a significant quadratic 
component to its trend. 

The density of EM activity was 
measured by dividing the number of 4sec 
epochs with EM by the number of 4sec 
epochs of stage REM. Fig. 5 shows that EM 
density increased across REMPsl+, remained 
at about the same level across REMPs-, and 
then increased sharply in REMP7. EM density 
showed a significant linear trend. The two 
inflection points in the EM density curve pro- 
duced a significant cubic component in its 
trend. 

Figs. 4 and 5 also show that the distribu- 
tions of eye movement measures on the R 
night were completely unaffected by the huge 
increase above habitual levels which had 
occurred on the E night. 

Density. 
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Discussion 

The results of this study confirm previous 
reports on REMP patterns during and after 
extended sleep and add new observations 
regarding NREM sleep, and visually scored 
stage 4 under these conditions. 

Observations o n  REM sleep 
Both Aserinsky (1969) and Verdone 

(1968) analyzed REM patterns during and 
after extended sleep. Verdone observed that 
the first REMP was significantly shorter than 
REMPs3+, with REMPs4 and about equal in 
duration (30 min). He did not report mea- 
sures of eye movement activity or NREMP 
duration. 

Aserinsky (1969) carried out the most pro- 
longed (30 h)  sleep satiation experiment 
reported thus far. He found a significant 
reduction in mean REMP duration during 
hours 10-30 of an extended sleep period. In 
addition, he found an abrupt increase in EM 
density after ‘7-10 h’ of sleep which was 
maintained through the extended period. 
Both findings were corroborated in the pres- 
ent study. 

The physiological basis for the striking 
increase in EM density in late REMPs is not 

-- 
4 The functional significance of EM activity during 
sleep is unknown. Early views (Roffwarg e t  al. 1962) 
that the direction of EM was correlated with dream 
imagery (‘scanning hypothesis’) have not been borne 
out by subsequent studies (Furth and Oswald 1975). 
Conflicting data exist regarding the hypothesis 
(Berger 1969) that EM activity during REM acts to  
counter deleterious effects of oculomotor inactivity 
(disuse) during NREM (Herman 1980). We think it 
possible that EM activity itself is of no functional sig- 
nificance. Thus, whereas virtually copplete inhibition 
of anterior horn cells is required to prevent the 
intense activity of the motor cortex during REM 
sleep from reaching the somatic musculature and pro- 
ducing awakening, movement of the eyes is not 
inconsistent with sleep. For this reason there may 
have been no need to evolve mechanisms to suppress 
eye movement. (The same hypothesis would hold, 
mutatis mutandis, for middle ear muscle activity.) 
Even if this rather unexciting hypothesis is correct, 

obvious. Perhaps oculomotor centers are 
under some degree of inhibitiolr during sleep 
which diminishes as sleep processes reach 
completion. Alternatively, oculomotor cen- 
ters may receive greater excitatory input 
when sleep is extended beyond its normal 
duration since overall levels of arousal and 
body temperature probably continue to 
increase. 

On the E night, the Ss obtained 200 min of 
REM sleep, about twice the amount normally 
obtained by this age group. Nevertheless, on 
the succeeding (R) night, REM onset was not 
delayed, and stage REM and EM activity in 
the first 4 cycles were entirely unaffected in 
amount and distribution. This finding raises 
anew the question of the function of REM 
sleep. Elsewhere (Feinberg 1974a), drawing 
upon this and other empirical data for REM 
occurrence, we proposed that its function 
might be to produce a neuromodulator which 
makes it possible for NREM sleep to progress 
to completion. The pattern of prolactin secre- 
tion during sleep is of considerable interest to 
us in this regard. Two independent studies 
(Parker et al. 1974; Beck and Marquetand 
1976) have shown high levels of prolactin dur- 
ing NREM which diminish to low levels prior 
to and during each REMP. These observations 
raise the possibility that prolactin or some 
other substance associated with its secretion is 
involved in the maintenance of NREM sleep 
and that the neuronal activity of REM in 
some way contributes to  prolactin synthesis 
or release. Experiments to test this hypothesis 
are currently underway in our laboratory. 

Observations o n  NREM sleep 
Our data suggest that NREMP durations 

reach an asymptote of about 45-50 min in 

several interesting aspects of EM activity remain to be 
explained. These include the abrupt increase in EM 
density late in sleep, the marked individual differ- 
ences and the high within-S reliability in this measure 
(Feinberg 1974b) and its apparent relation to physi- 
cal fitness (Walker et al. 1978). 
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the fifth NREMP. In our young adult Ss the 
first 3 NREMPs were almost identical in dura- 
tion (about 70 min) with a large decline 
between NREMPs, and and a smaller but 
substantial fall between NREMPs, and 5. Rela- 
tively little change occurred between 
NREMPs5 and ,. To the extent NREMP dura- 
tions reflect the ‘progress’ of sleep processes, 
completion of the fifth NREMP would be 
required to obtain an optimal amount of 
sleep. 

On the basis of previous work (Karacan et 
al. 1970; Webb and Agnew 1971), we 
expected to observe a decrease in stage 4 
duration after the sleep/wake ratio was 
increased by extended sleep. However, we 
were surprised to find this effect limited to 
the first NREMP on recovery night. This 
result was corroborated by our computer 
measurements of delta, which also showed 
that delta wave amplitude was much more 
strongly affected than number or period of 
waves in the 0.5-3 c/sec band (Feinberg, Fein 
and Floyd, in preparation). Neither visual nor 
computer scores of delta in NREMPS,~  
revealed differences between the E and R 
nights. 

This finding raises the possibility that the 
delta activity in the first NREMP is of differ- 
ent functional significance than that in subse- 
quent NREMPs. Consistent with this possibil- 
ity is the fact that NREMPl is the sleep cycle 
component which shows the greatest change 
with age after infancy, both in its duration 
and in the amount of stage 4 it contains 
(Feinberg 1974a). 

The NREM and stage 4 data presented here 
are fully consistent with our previous descrip- 
tions of trends in EEG sleep patterns across 
the first 4 cycles in young adults (Feinberg 
1974a; Feinberg et al. 1967). These systema- 
tic, lawful changes in sleep across the night 
require explanation. We proposed elsewhere 
(Feinberg 1974a) that the trends in NREMP 
duration and delta EEG reflect the rate of a 
metabolic process which reverses the effects 
of waking on the brain. According to this 
view, the substrate for this process depends 
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upon the duration of waking and the intensity 
of brain activity. 

Whatever the correct interpretation, the 
present results indicate the importance of 
determining more precisely the quantitative 
relations between the sleep/wake ratio and 
subsequent EEG sleep patterns. In establish- 
ing these relationships, measurement of delta 
EEG by computer and the analysis of sleep by 
physiological units (NREMPs and REMPs) 
should prove useful tools. 

Summary 

Sleep EEG and eye movement were 
recorded in 21 normal males aged 20.3-29.3 
years beginning at 1 1 : O O  p.m. on 3 consecu- 
tive nights with 8, 12  and 8 h in bed on adap- 
tation (A), extended (E), and recovery (R) 
nights, respectively. 

On the E night, NREMP durations-were 
roughly equal in the first 3 cycles, fell sharply 
between NREMPs, and and were at about 
the same level in NREMPsS4. These and 
other data suggest that NREMP durations 
approach an asymptote in the fifth NREMP. 
On the R night, NREMP1+ durations were 
not significantly different from the corre- 
sponding values on the E night. 

As expected from the work of others, the 
increased sleep (and decreased waking) in the 
24 h period preceding the R night was asso- 
ciated with a reduction in stage 4 EEG. Sur- 
prisingly, this effect was limited to the first 
NREMP; both visually scored delta sleep and 
computer measurements of 0.5-3 c/sec activ- 
ity showed significantly lower values in 
NREMPI on the R night with no differences 
between E and R nights for NREMPsZ4. 

Analysis of REM sleep confirmed previous 
observations by Aserinsky (1969) and Ver- 
done (1968). In agreement with the former 
investigator, we found that REMP durations 
declined after reaching a maximum in the 
fourth REMP and that the late REMPs 
showed an increase in eye movement density. 
In agreement with both Aserinsky and Ver- 
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done, we found that a huge increase in REM 
sleep above habitual levels when sleep is 
extended has virtually no effect on the onset, 
amount or distribution of REM on the follow- 
ing night. 

In spite of almost 30 years of research since 
the discovery of REM sleep by Aserinsky and 
Kleitman, the quantitative relations between 
the duration of waking and the amount and 
temporal characteristics of EEG sleep patterns 
have not been fully established. We believe 
that the application of computer as well as 
visual measurement and the analysis of sleep 
by physiological units (NREMPs and REMPs) 
will prove useful tools for describing these 
relationships. 

Resume 

Patterns de sommeil pendant e t  apre‘s sommeil 
prolonge chez de jeunes adultes 

L’EEG du sommeil et les mouvements ocu- 
laires ont 6t6 enregistrhs chez 21 sujets nor- 
maux de sexe masculin Cg6s de 20,3 ans a 29’3 
ans a partir de 11 h du soir pendant 3 nuits 
condcutives avec 8, 12 et 8 h au lit au cours 
respectiveqent des nuits d’adaptation (A), de 
prolongation (E) et  de r6cupQration (R). Au 
cours de la nuit E, les dur6es de sommeil lent 
sont en gros 6quivalentes au cours des 3 pre- 
miers cycles, diminuent de faqon abrupte 
entre les cycles 3 et 5 et sont a peu prbs au 
mime niveau au cours des cycles 5-6. Ceci et  
d’autres donn6es suggikent que les durkes du 
sommeil lent se rapprochent d’une asymptote 
au cours du cinqui6me cycle. Au cours de la 
nuit R, les durkes du sommeil lent des cycles 
1-4 ne sont pas significativement diffbrentes 
des valeurs correspondantes au cours de la 
nuit E. 

Comme on pouvait s’y attendre d’apr6s le 
travail d’autres auteurs, l’augmentation du 
sommeil (et la diminution de la veille), au 
cours de la phriode de 24 h qui pr6cbde la nuit 
R, s’associe i une &duction du stade EEG 4. 
De faqon surprenante, cet effet est limit6 aux 
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premiers cycles de sommeil lent; le sommeil 
delta cod6 visuellement et les mesures par 
ordinateur de l’activitd de 0.5-3 c/sec mon- 
trent des valeurs significativement plus basses 
au cours du premier cycle lors de la nuit R 
sans diff6rence entre les nuits E et  R pour les 
cycles 2-4. 

L’analvse du sommeil paradoxal confirme __ 

i les I observations antkrieures d’Aserinsky 
(1969) et Verdone (1968). En accord avec le 
premier chercheur, les auteurs trouvent que la 
dur6e du sommeil paradoxal diminue aprBs 
avoir atteint un maximum lors de la 4bme 
phase et que la derni6re phase montre une 
augmentation de la densit6 des mouvements 
oculaires. En accord avec Aserinsky et  Ver- 
done, ils trouvent que l’augmentation massive 
du sommeil paradoxal au-dessus des niveaux 
habituels lorsque le sommeil est prolong6 n’a 
virtuellement aucun effet sur le dCbut, le taux 
et la distribution du sommeil paradoxal de la 
nuit suivante. 

En ddpit de presque 30 ans de recherches 
depuis la d6couverte du sommeil paradoxal 
par Asennsky et Kleitman, les relations quan- 
titatives entre la durde de la veille, la quantit6 
et les caractkristiques temporelles des patterns 
EEG de sommeil n’ont pas 6t6 pleinement Cta- 
blies. Les auteurs pensent que l’application de 
l’ordinateur aussi bien que des mesures visuel- 
les et l’analyse du sommeil par unit& physio- 
logiques (sommeil lent, sommeil paradoxal) 
constituent des outils utiles pour d6crire ces 
relations. 

I 

We are grateful to Dr. J.M. Walker who carried out 
the visual scoring of these records. 
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