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Mi UiOD ID

F ourteen Na~ v enlisted men lived. one at a t ime, in a sleep laborator~ a~ subjects b r  2
sseek~. The (‘NV session, last ing approximatel y 40 miii. ssas held once in each morning
of4 haseli nedays( RI . R2. B3an d B4). Follossingthe hase linedays . eit her slou s~avesleep
(SWS , s leep stage 4), or rapid eye movement sleep(REM) ssas  denied for 3 consecutive
nights. A lter t he third night of SW S or REM de p rivation . one CNV ~essioii (Stl)3) was
held. The sleep stage dcpri ~ at ion ~sas  followed h~ one night of total sleep loss and
(‘NV sess ion (TI)). Then, 2 nights of undisturbed recov ery sleep with nlOrfliilg
sessions (RI and R2) tollowed one night of total sleep loss. Of the total of 14 Ss.
7 experienced SWS deprivation , and the remaining 7 experienced REM deprivation.
The heart rate data to be reported were , however , obtained from only 13 Ss: 6 under
SWS depr ivation, and 7 under REM deprivation .

Each CNV trial started with a presentation of the first stimulus (S i) . The S 1 was
eithc~ a 0.5 sec “high” ~l kc see) or “low ” ( 500 c scc) tone. Four sec after the S 1. the
second st imulus. S~. a “loss ” (500 c se e) tone , was presented to the subjects. With t he
higher S 1. Ss were not required to respond to S2 . Wit h the lower S1. ,S’s ~ere instructed
to term inate S2 as quickly as possib le h~ closing a hand-he ld sss itch. A. The (‘NV
session consisted of two parts: I I) 24 work-paced trials: and (2 ) 24 self-paced trials .
Under the wor k-paced condition , t he experimenter determined the time of each tr ial
prese ntati ~ n. The inter-trial intervals under the work-paced CNV sse rc 21) sec (8
tria ls) . 25 sec (8 trials) and 30 sec (8 trials), all randomly mixed as to presentation.
Under the self-paced condition . .S’s closed a hand-held switch . B. to initiate a (‘NV trial .

• R~ meaim of an electronic logical network. Ss’ c losure ol’ t he switch produced S~ and
• suhsequent l~ S~. pros ided t hat the sss itch closure occurred after a lapse of at least 20

sec since t he last pres ious trial. In addition to these (‘NV trials . S2 alone ss as presented
to •S~ 

‘
~ t ime s before and after the ( ‘NV t rials . Ss ssere instructed to turn oil’ S2 as

quickl y as possib le h~ c losing sss itch A. Throughout the CNV session . S  rema ined in

I I l ls  stud> ssas supported I’> the Hure~iu of Medicine and Surger>. the Depart ment of the Na.. .
Opinions or ~issernons herein are the prisate ones Ill the authors and are not to he consirued to he
ilt ilcial or ,is ilecessa ril> ref lecting the iess s of the I)epartnieiu of the Nas’.. I Il ls study s~as also
stippi’rted ii part h> t he Nat ona I ~cicilce l oundai ion ( rani . ( 

~I3I 4529, to t he ii~ Diego Sta te
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bed w ith eyes open, and kept the eyes fixated on an “X” drawn on cardboard and
placed in t’ront of them. Only dur ing the inter-trial intervals was S permitted to nlosc
t he eyes away from the “X” mar k to ease eye strain. After each CNV session. S
comp leted a post-CNV trial questionnaire while he remained in bed.

The CNV was recorded from the vertex , referenced to linked mastoids. For the (‘NV
recording, t ime constant of a 9806A AC DC coupler of a Beckman Dynograph was

• mod ified to be approximately 6 sec. The vertical electro-oculogram ( EOG) of the
ri ght eye was recorded with a similarl y modified Beckman coup ler. Respiration,
electrocardiogram (EKG) ,  skin poter:ial, skin resistance , f inger pulse and electro-
myograni ( EMG) of the thumb used for closing hand-held switches were recorded by
a Beckman type R Dynograph, using a time constant of 0.3 sec. A Hewlett-Packard
3907C 7-c hannel instrumentation tape-recorder was used to record vertical EOG,
vertex EEG (CNV), EKG, stimu lus mark and time code. A calibrator injected a 25 ~iV
pulse to the CNV channel, 2 sec before S~.

Table I lists the CNV magnitudes , defined as the area of cortical negativity between S~
and S2 as measured w ith a Dietzgen polar planimeter in square millimeters. All Ss

• deve loped stable CNVs under both task-paced and self-paced conditions during the
- 
. baseline sessions. Both SWS and REM deprivations reduced the CNV magnitudes.

but this result achieved significance (at 5° c, level or better) only under the self-paced
condition. No group difference was observed between the REM-deprived and the
SWS-depr ived subjects, in terms of t heir CNV magnitudes. In contrast ,one nightof

TABLE I

• SIFAN ANt ) liN t St ANI)ARI) lii’. i S iS’s (ii ( ‘ s i, MAi ‘si I liii , i)t Fi NFt ) AS A lOT Ai  ARFA iii ii ( .  ‘s I(,A ii’. ii
i)URiN(i tilt S 1 S’ tN t  iRVA i
l \  7 . )

Steep deprivation
REM SWS

It ar k—pa ced trials
B 17.3 7.6 2 t . t  7.9
StD3 t t .2 . 8 . 1 18 .6 • 9.7

S .  ID t t. 6 4.2 14.0 6.0
R 15 . 5 5. 9 29.7 . 8.8

SeIf.paced trials
B 23.5 • t4 . 6 2 i 6  t S . 9
St D3 7 .4 4.0 3.9 • 9 6
TI) 5.0 • 4 .6 6.7 7 .3
R t 9 1  t 2 ’  264 4 2

B Baseline day (aseragc of B3 and B4t session. Stil t CNV session held after 3 nights of steep
stage deprivation. TD CNV session held after one night of totat dcprisaiion of sicep fotIo~~ing
SiD3. R Rceoscry day session.

~~~~ T _ _ _
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tota l sleep loss resulted in a uniform and signifIcant reduction in (‘NV magnitude, . 1
compared with t he baseline (‘NV magnitude , regard less ot’differences in trial pacings
and t he particular sleep stage deprivation. However , t he (‘NV ssas not completely
abolished.

Digital computer analysis of averaged heart rate response showed that on the (‘NV
trials (e.g.. t he discriminant reaction time trials), t here was induced a small but reliable
heart rate change following S1. in antici pat ion of S~, and a fter S2 and the motor re-
sponse ol’a sw itch-closure . Fig. I and 2 show the averaged heart rate response, eac h line

• representing t he means of 13 Ss. Fig. I shows the averaged heart rate response during
t he CNV trials under the work-paced condition, and Fig. 2 the same under the self- —

6

Si S2
F ig. t .  Aseraged heart rate response obtained from 13 subjects under work-paced condition. S1
Diseriminatise ssarning siiniutus of 500 c sec. 0.5 sec tone. S~ Imperative stimutus. The ordinate
n heart rate tbeats min). and the abscissa in seconds. B Basctine. StD After sleep stage depriva-

tion (REM and SWS deprivations combined). TI) Totat sleep deprivation. R After t and 2 nights
of recovery sleep.
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condition. See Fig. t for ahhrcs iaiions.

‘.

~~~~~~ 
:‘

~~~~~~~~~~~~~~~~~
• 

~~~~~~~~~~~~~~~~~ TT. 1 ~~1T



.0

• I 2 16 P. ‘s % t t ( J l I  I I  A t .

paced condition. [he S 1 produced phas ic hrad’5card ia ss hich ssas fo lfossed h~ heart rate
Increase to or above the pre—S 1 leseb. The second reliable phasic hrad~card ia of 2 3

(_j beats nun started approximatel y 2.5 sec aI’ter S 1. and t he heart rate reached i ts  m ini-
mum at the time ol S, presentation. A reliable heart rate increase ahose the pre-S 1 lesel

• ‘sas observed after S., and a hand-held switch closure. Although the group aserage of
heart rate responses ssas small in terms of absolute change in beats mm as shoss n in

‘

~~~~~ Fig. I and 2. the pattern of cardiac changes under the ( N~ par~idigtii (e.g.. the reac-
t ion time paradigm) was clear and large in sonic subject s . . r s  shoss n in Fig. 3. In th is

•,.041 ID

• 
•.
~~~ S1

.7.

Fig. .1. The (‘NV. reaction time, aseraged heart rate response. arid ascraged respiratory amplitude
from a subject , 04S-70, obtained in his fourth baseline day session. On the top, the (‘NV Is %ho’A n wi th
a 25 ~iV calibration signat. The reaction time is shown . inimediatety below the ( NV  plot , as a histo-

- . gram. Its ordinate is sealed to show a frequency of occurrence of gisen reaction time Altogeth er t O
trials were aseraged for the (‘NV . aseraged heart rate and respirator > amptitude responses .As eraged

- ‘ heart rate response is shown betow the reaciiont imehistogran i.Theordinaie . HR .isgi’.en in heats min~The aseraged respiratory amplitude response is gisen last . where the sert ical asls represe nts an ar-
bitrary unit which is. howeser . proportiot iat to a respiration depth.

illustr attot i a phasic bradycardia just before S2 ssas f. heats tit in. followed h) a post—
S~ cardiac acce leration of approxit liatel ) 12 beats nu n. This pattern of cardiac re-
sponses was not significantly altered by REM. SWS or total sleep deprisatiot i.

There ssas no consistent skin potential respotise accot iipati’sing t he CN\ trials.
The deta iled atialysis of respiratory amplitude response ssas performed oti work -

• paced (‘NV data obtained during the 84 and TD sessions. Fig. 3 shows t he resp irator\
amp litude response also from a sing le subject. The only reliable aserage respirato r\
amplitude response w as observed with S2 and t he subsequent motor response to turn
ofi’S,: all subjects tended to exhale air short l~ after S2 and to itihale air appros iniate l~2.4 sec after S2. Total sleep loss did not alter signilicantl~ t he post-S 2 aseraged
resp iratory response. 
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Steep deprisation I
R E M  SWS

II or!. —paced trial.s 
— 

1’
B 2 10 • : 42 209 . 33
StL)3 203 32 23 1 • . 36
ID 223 80 234 • 25

R I9() . St t 9’) . 29

St / I-paced i i ials
B 216 . 41 227 ~()

Stl)3 t98 • 32 222 • 40
TI) 217 • 39 220 34
R 189 • 57 207 • 2(i

See Table I for ahbresiations.

Tab le II shows the mean reaction time to S2. There ssere no signilicant differences in
mean react ion times for those trials used for computit ig CNVs.

A post-CNV quest ionnaire showed that SWS deprivatiot i did not produce sigti iticant
changes in self-rating. After REM deprivation the subjects reported that they felt more
tired than after SWS deprivation. The REM-deprived subjects tended to feel that the

• CNV task became more demanding, and t hat they had to exert greater effort. The night
of total sleep loss following REM or SWS deprivation produced signulicant chatiges

- • in self-ratings: the subjects felt that CNV trials were more “demanding of’ attent ion”.
that t hey had to spend more efforts in performing the task , amid t he~’ felt more fatigued
t han during the baseline days. The subjects felt also that their reaction tinies were not
up to par.

t) iS( t SStO\

The present study conlirms the previously published tinding by Naitoh et a!. ( 197 1)
that total sleep loss of one night attenuated the CNV magnitude and also confirms
the results of st udies on cardiac correlates of the (‘NV and CNV-like paradigms h~
Connor atid Lang (1969). Coquery and Lacey (unpublished data) . Laces and Laces
(1970), and Papa kostopoulos arid McCalluni (1973 1/u.s rolume). The cardiac correlates
of the present stud) were almost identica l with those observed by Coquery and Lace~.
despite the differences in types of Ss used (college students vs . Nas > recruits). tiiethod
of analysis (median heart rate response on heat-h~-beat basis u s . mean heart rate
response on time basis), and the tiature oI’ S i (a s imple warning stimulus ~s . discritii-

1’ m ated warn ing stimuli). The cardiac correlates of the (‘NV, especiall) of phasic
bradycard ia in antici pat ion of S2. were not a ffected by REM. SWS and total sleep
deprivations. Perhaps the cardiac correlates of the (‘NV reflected tiot a degree of
susta ined attention , hut rather a subjective l ) expe rienced task demand and the willing-
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ness to exert more effort in order to compensate for the detrimental effects ot’ sleep
debit. Multi ple correlat ions of ’ 0.630 (for t he baseline average data), 0.878 (for the
recover) asera ge data . 0.823 (for StI)3) and 0.863 (for TD) were obtained atitotig the
larger phasic bradycardia . the subjects ’ rating of ex erting more effort , and that al

t’eeli ng more task demands.
The absence of reliable respiratory respotises indicated that the observed cardiac

responses during the S t S2 period were not secotidary to resp iratory changes.
In the present study. the dillèrences observed during the (‘NV session between REM-

atid SWS-deprived subjects were only suggestive: the REM-deprived Ss showed tnore
deleter ious effects oti their subjective l’eelings atid t heir (‘NV magnitudes were more
reduced t han those who were deprived of SWS. Judgitig from t he atuount of REM
rebound and SWS increase in the recovery sleep period, however, bot h REM and SWS
deprivations were el1~ct iseI y achieved. Dement (1970) has pointed out that REM de-
pr ivat ion does not const itute adequate deprivation of a physiological state. Perhaps
the same statement can also be made f’or SWS depr ivation , insofar as judged by the
CNV data.
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~~The conti ngent negative var iation (~NV) f rom the vertex was recorded , to-
gether with autonomic variables, vertical eye movements, and reaction tine (RT), f r ~~ ,
tts L) groups of ‘ Naval trainees each. The subjects received the first stimulus (S~which was either a “high” or “low” pitched tone, 4 sec before the second “iow~’~ itched
tone (S,). With the high pitche~~~~~ the s~~jects did not fezminate the ~2 Wi th the
low pitched . , ffië y ’~~~?et~~tei-’minate the S2 quickly as possible by closing a hand-
held switch. In half of the trials, the experimenter determined the rate of executing
the Ri’ task (a work-paced condition); in the remaining half, the subject performed
the RI task at their own preferred pace (self-pacing) .

On each subject data were obtained on 4 baseline days, the day after 3 ni ghts
of the sleep stage deprivation , the day after one night of total sleep deprivat ion ,
and finall y days following recovery sleep. For the one group , sleep stage REN
( rapid eye movement) WaS withheld from noctu rnal sleep. For another , the slow ~a t c ’
sleep (SWS) was denied.

All subjects developed a stable discriminated (Yf as well as an an t i c i p a to ry
heart rate deceleration to the S2 in the baseline sessions. Both Ri-N and Sls ’-~ drpu i-
vation reduced the (NV magnitudes under the self-paced condition . ~ne night ot  t u t a l
sleep loss following 3 ni ghts of sleep deprivation attenuated the (NV further. 5j it j cl -
patory heart rate decrease to the S2 was not affected hv RE’l, SI~S or total -

~~
l u e T  Jep-

r i vat  ion .
~ Results  support the hypot hes is t hat the (N\ , (n i t  not t I ic auton ~ n ic r~could be used a.s a rel iable and sensitive measure of an a l t e red  bra j n ca’1 IC . I

tnai ntain an attent ive statc.~~
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