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Summary

_The purpose of this study was to evaluate the effects of acute heroin
withdrawal on waking behavior and slow wave sleep. Data were collected
from drug-dependent patients who were using pure heroin and from drug-
free controls. All data were recorded on a 24-hour per day basis for 5 -7
consecutive days. EEG records were manually scored according to standard
criteria. The heroin-dependent patients during withdrawal showed approxi-

0 mately a 26% decrease in slow wave sleep and an 18% increase in waking
behavior. The awake state in the heroin-dependent patients during with-

- drawal also displayed an increase in number of episodes and number of state
shifts, and a decrease in duration and sleep onset latency. In addition, the
slow wave sleep categories during withdrawal generally showed an increase
in sleep onset latency and interstate interval and a decrease in number of
episodes. These results indicate that heroin withdrawal is associated with a
marked disruption of the central nervous system mechanisms responsible
for maintenance of the normal sleep-waking cycle. Analyses of the pattern
of this disruption will further aid in understanding the withdrawal syndrome.

Introduction

Several investigators have noted the effect of opiate drugs on the
electroencephalogram (EEG) and sleep in animals [1 - 11]. The effect of

Q-. morphine and/or narcotic withdrawal on rapid eye movement (REM) sleep
has been examined in several studies [1 - 6, 8, 10 - 131. In general, these
animal studies have shown a suppression of REM sleep during the acute with-
drawal phase.
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However, detailed information regarding the effects of opiate with-
drawal on slow wave (non-REM) sleep in experimental animals is not readily
available. One study noted a decrease in the mean EEG voltage output for
slow wave sleep during morphine withdrawal [2]. Khazan [ 4] reported that
during withdrawal, slow wave sleep increased in the first 4 - 6 hours then
progressively decreased and was finally replaced by an hyperirritability stage.
Another investigator noted that cocaine caused a significant decrease in non-
REM sleep [9].

Some of the effects of opiates on sleep in experimental animals have
also been reported in humans. Kay [14] reported that during chronic mor-
phine administration, early delta (slow wave) sleep decreased and waking in-
creased. Lewis et al. [15] noted that heroin administration resulted in more
frequent appearances of drowsiness or wakefulness and an increased delay to
the onset of the first stage II of the night. However, these studies only re-
ported on the changes in slow wave sleep during morphine or heroin adminis-
tration and not during the withdrawal phase. In recent reports from this lab-
oratory, acute heroin withdrawal was associated with a general suppression
of total sleep [16] and a greater suppression of REM sleep [17].

The data in this study are unique in that they were collected from
young military personnel who were addicted to pure heroin, had short
heroin use histories, used few other drugs concurrently, and were generally
in good health [18 - 201. Thus, the setting of this study provided an excel-
lent experimental model to evaluate heroin withdrawal without the numer-
ous complications associated with stateside drug users. The purpose of this
particular study was to examine the effects of acute heroin abstinence on
waking behavior and slow wave sleep in humans. This study is part of a com-
prehensive investigation using the same subjects as reported on in previous
papers [16, 17, 20 - 221.

Methods

The electrophysiological data were obtained from twenty heroin-
dependent patients and five drug-free control subjects as previously reported
[16, 17]. All data were recorded on a 24-hour per day basis for 5 - 7 con-
tinuous days and totaled 2602 hours of recording time. Several heroin-
dependent patients voluntarily withdrew from the study after one or two
days. The heroin use history for the drug users has already been published
[16, 17, 20, 21]. These patients were selected from heroin users identified
in the Army drug screening program. All patients were covered by the pro-
visions of the Army Exemption Policy which established voluntary rehabil-
itation programs for drug users. No drugs were given throughout this study.
Informed consent was obtained from all patients and matched controls who
voluntarily participated in this project.

The electrophysiological parameters recorded in this study included the
electroencephalogram (EEG), electrooculogram (EOG), electrocardiogram
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(EKG), electropneumogram (EPG), and electrogastrogram (EGG). The EEG
and EOG electrodes were standard EEG electrodes (Grass) and were attached
to the skin by a small gauze patch covered with collodion. The EEG elec-
trode was placed over the occipital cortex in the standard 0-2 position and
the EOG lead was located one centimeter beyond the lateral orbital ridge of
the right eye.

The recording environment was a typical hospital ward and all subjects
were permitted freedom of movement within the confines of the ward.
Blood drawings and clinical evaluations were performed on all subjects three
times daily at 0600, 1000, and 2200 hours for other aspects of this study
[20 - 22]. Continuous behavioral observations were also noted on "subject
log sheets" throughout the entire recording time (5 - 7 days). The results
concerning these behavioral observations have been published previously
[161.

All EEG records were manually scored into the standard awake and
sleep states 1231 in one-minute epochs. During the analysis, it became neces-
sary to add another behavioral category which we called "awake-with-alpha"
state. This state was associated with the heroin-dependent patients lying in
bed with their eyes closed attempting to sleep, but remaining awake and
thus producing long trains of alpha rhythm. Each recording day was de-
fined from midnight to midnight, day 0 being the day the subjects entered
the study and day 1 the first complete 24-hour day. The raw minute by
minute EEG data were smoothed for certain data analyses (see below). In
the smoothed files, all intervals of four minutes or less were removed via a
low-pass redistribution technique [241. The raw minute-by-minute EEG data
were used to calculate total minutes and number of state shifts. Smoothed
EEG data files were used for determination of average state durations, num-
ber of state episodes, latencies of the various states from sleep onset (first
occurrence of stage II sleep) and interstate intervals. Only complete 24-hour
days were included in the data analysis. A two-tailed t-test between heroin
users and control subjects for days 2 - 5 was applied to all data (population
variances unknown but assumed equal). Additional methodological details
have been reported previously [16, 171.

Results

The data presented below have been divided into several sections, each
section concerning a particular sleep parameter across all the awake and slow
wave sleep categories for both the heroin-dependent patients during with-
drawal and the control subjects. As mentioned earlier, each recording day
was defined from midnight to midnight. On day 1, the control subjects
showed a general disruption of sleep associated with the "first night effect".
However, the heroin users did not begin withdrawal until approximately half
way through day 1, after they had slept and/or "nodded out" through the
initial part of day 1. Over-all, the heroin-dependent patients showed the
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largest total amount of sleep on day 1. Therefore, in order to avoid these
first day effects, the mean data values below were from recording days 2
through 5.

General sleep patterns
The heroin-dependent patients during withdrawal showed a disruption

of sleep and frequent attempts at sleeping throughout the 24-hour day.
Figure 1 shows a typical 24-hour sleep-waking plot for a heroin-dependent
patient on withdrawal day 4. More severely disrupted patterns were observed
for the heroin-dependent patients on days 2 and 3 of withdrawal. Figure 2
shows a 24-hour EEG plot for a control subject on day 4. The controls com-
monly slept in a solid block of time starting sometime after midnight to ap-
proximately 1000 hours in the morning. The awake period around 0600 was
associated with the clinical evaluation performed on all subjects for other as-
pects of the study.

Total minutes
The heroin-dependent patients during withdrawal days 2 - 5 showed a

15.4% increase in waking behavior as compared to controls (1135.8 us. 984.1
mins). The mean total minutes presented at the bottom of Table 1 were re-
ported previously [16]. The heroin-dependent patients also showed a 79.8%
increase in awake-with-alpha per day during withdrawal (71.2 vs. 39.6 mins).
Combining both awake categories, the heroin-dependent patients displayed a
total of 1207.0 minutes of waking behavior per day during withdrawal, com-
pared to 1023.7 minutes in the control subjects. The slow wave sleep cate-
gories showed a general reduction in total minutes during withdrawal days
2 - 5. Stage 1I was significantly reduced by 25.1% in the heroin-dependent
patients during withdrawal relative to the controls (175.9 vs. 234.8 mins).
Combining slow wave sleep stages II, III and IV, the heroin-dependent pa-
tients during withdrawal averaged 217.5 total minutes compared to 294.5

Fig. 1. Twenty-four hour plot of sleep-waking states for a heroin-dependent patient
during withdrawal. A - awake; * - awake-with-alpha; 1-4 = slow wave sleep stages I - IV;
R - rapid eye movement (REM) sleep.
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Fig. 2. Twenty-four hour plot of sleep-waking states for a control subject. Abbreviations
are the same as described for Fig. 1.

total minutes of slow wave sleep in the controls. This represents a 26.1% de-
crease in slow wave sleep during withdrawal.

On recording day 1, the control subjects showed 1025.5 minutes of
awake versus 878.7 minutes in the heroin-dependent patients. The heroin-
dependent patients on day 1 also displayed more total minutes in all slow
wave sleep categories than the controls. These differences on day 1 are due
to the "first night effect" in the control subjects and to the "narcotic high"
or "nodding out" condition in the heroin-dependent patients.

Duration
The heroin-dependent patients during withdrawal days 2 - 5 showed an

average awake duration of 141.8 minutes compared to 229.7 minutes in the
controls (Table 2). The awake-with-alpha category displayed an increase in
duration over control values to approximately 12.4 minutes during with-
drawal days 2 - 4. The heroin-dependent patients also showed a small de-
crease in duration of stage II sleep to 24.5 minutes versus 26.6 minutes in
the control subjects. No significant differences were observed in the other
behavioral categories during days 2 - 5. On day 1, the duration of awake and
awake-with-alpha was shorter in the heroin-dependent patients as compared
to average control values.

Number of state episodes
This category examined the number of distinct occurrences of each

behavioral category per 24-hour day. The heroin-dependent patients during
withdrawal days 2 - 5 averaged 7.5 awake and 4.8 awake-with-alpha episodes
per day (Table 3). The control subjects showed 4.0 awake and 3.6 awake-
with-alpha episodes per day for this same time period. During slow wave
sleep, 8.0 and 1.9 episodes were observed for the heroin-dependent patients
during withdrawal for stages II and III, respectively, compared to 9.4 and 2.8
episodes for the controls. Slow wave sleep stage IV similarly tended to occur
less frequently in the heroin-dependent patients during withdrawal. By con-
trast, all slow wave sleep stages in the heroin-dependent patients showed a
higher number of occurrences on day 1 during the "narcotic high" or "nod-
ding out" phase as compared to the controls.
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Latency from sleep onset
Latency from sleep onset was defined as the time between the first oc-

currence of stage II sleep and the next occurrence of a state. The awake
category showed a latency from sleep onset of 77.5 minutes in the heroin-
dependent patients during withdrawal and 175.8 minutes in the control sub-

jects (Table 4). Latency from sleep onset for the awake-with-alpha category
was 87.3 minutes in the drug users during withdrawal compared to 202.3
minutes in the controls. Slow wave sleep stages III and IV displayed a sleep
onset latency of 55.8 and 85.2 minutes in the heroin-dependent patients on
withdrawal days 2 - 5. For this same time period, the control subjects showed
a latency of 19.4 and 30.5 minutes for stages III and IV, respectively. No sig-
nificant differences in sleep onset latency were observed for stages I and II,
although both categories tended to show longer latencies in the heroin-
dependent patients than in the control subjects.

Interstate intervals
Analysis of the interstate intervals revealed no distinct differences be-

tween the heroin-dependent patients and control subjects for all behavioral
categories except stage II sleep (Table 5). The heroin-dependent patients
during withdrawal days 2 - 5 showed an average interstate interval for stage II
of 87.9 minutes compared to 59.6 minutes in the control subjects. Analysis
of the data in this section was particularly difficult due to the large varia-
tions observed in the interstate intervals in both control and heroin-depen-
dent patients. Stage II slow wave sleep showed the least amount of variation
of all the behavioral categories. In general, the heroin-dependent patient
during withdrawal tended to display shorter interstate intervals in the awake
and awake-with-alpha categories and longer intervals in the slow wave sleep
states when compared to the control subjects.

Number of state shifts
The data in this section represent the number of times a subject

entered and/or left each behavioral category. The control subjects averaged
17.4 awake and 20.9 awake-with-alpha shifts per 24-hour period for re-
cording days 2 - 5 (Table 6). During this same period, the heroin-dependent
patients undergoing withdrawal showed an average of 48.9 awake and 48.7
awake-with-alpha shifts per day. An average of 53.1 stage I shifts were ob-
served for the heroin-dependent patients during withdrawal compared to
63.7 shifts in the control subjects. Stage II also tended to show a smaller
number of shifts in the heroin-dependent patients than in the controls,
although not statistically significant. Slow wave sleep stages III and IV
showed no significant differences in state shifts between the control subjects
and heroin-dependent patients.

On recording day 1, the control subjects showed a greater number of
state shifts in awake, awake-with-alpha, stage I and stage 1I as compared to
their averaged values for days 2 - 5. The heroin-dependent patients on day 1
showed no differences in number of state shifts in the awake and awake-
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with-alpha categories when compared to the averaged values for days 2 - 5.
The heroin-dependent patients also displayed the greatest number of state
shifts for slow wave sleep stages I - IV on day 1 during the "narcotic high"
condition.

Discussion

Several animal studies have reported a general decrease in slow wave
sleep associated with morphine and/or cocaine withdrawal 12, 4, 9]. Pre-
vious human studies have reported changes in slow wave sleep only during
morphine or heroin administration and not during withdrawal [14, 151. The
results of this study have shown a significant reduction of slow wave sleep
associated with heroin withdrawal in humans.

The decrease in slow wave sleep during heroin withdrawal was related
primarily to a decrease in total minutes of stages II, I1, and IV. Stage II
sleep also showed a decrease in duration and an increase in interstate interval
during withdrawal from heroin. A decrease in number of state episodes and
an increase in sleep onset latency was also observed for slow wave sleep
stages III and IV together. These results suggest that the heroin-dependent
patients during withdrawal were unable to maintain the sleep condition, thus
displaying a disruption of the sleep-waking cycle. The inability to maintain
the sleep state would similarly disrupt REM sleep, as was reported recently
from this laboratory [171.

Simultaneously with the decrease in slow wave sleep, the heroin-de-
pendent patients during withdrawal also showed an increase in wakefulness.
The awake category increased by approximately 15% and awake-with-alpha
increased almost 80%, whereas both awake categories together increased by
approximately 18%. Khazan (41 reported an increase in wakefulness in rats
during morphine withdrawal. However, specific data on total minutes or
percentage changes in either wakefulness or slow wave sleep were not in-

cluded in that study. These results are consistent with the disruption of sleep
and increase in wakefulness associated with morphine withdrawal in experi-
mental animals [2, 4, 91.

Even though the heroin-dependent patients during withdrawal showed
an increase in total waking, the duration of individual awake episodes de-
creased. Additionally, the awake state during withdrawal displayed an in-
crease in number of episodes and number of state shifts, and a decrease in
interstate interval and latency from sleep onset. These results suggest that
the normal pattern of waking behavior is similarly being disrupted. Indeed,
the heroin-dependent patients in this study showed frequent attempts at
sleeping throughout the 24-hour day, whereas the controls generally slept
during one major block. This disruption of normal waking patterns is prob-
ably secondarily related to the disruption of sleep and the resultant attempts
by the heroin-dependent patients to "regain" some of the lost sleep.
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Several of the results reported in this study associated with heroin with-
drawal are similar to those observed during morphine and/or heroin adminis-
tration. In the cat, morphine administration has been shown to increase
wakefulness [ 3]. The initial phase of morphine administration in the rat de-
creased slow wave sleep and almost eliminated REM sleep [25]. Kay [141
reported an increase in waking and a decrease in slow wave sleep durinK ad-
ministration of morphine in humans. Heroin administration was associated
with an increased frequency of shifts to stage I sleep (drowsiness) or wake-
fulness [ 151. In this study, the acute phase of heroin withdrawal showed a
decrease in slow wave sleep and an increase in wakefulness. In a related re-
port, we also noted that REM sleep was markedly reduced during heroin
withdrawal [17]. Thus, it appears that the disruptive effects of morphine
upon the central nervous system may be of a similar nature during both the
initial administration phase and acute withdrawal phase.

In addition to the results concerned with the withdrawal phase, several
interesting observations were also noted in this study on recording day 1.
This day was associated with the "first night effect" in the control subjects
and the "narcotic high" or "nodding out" phase in the heroin-dependent
patients. Most of these patients entered the study shortly after taking their
last dose of heroin and subsequently "nodded out" and/or went to sleep
(distinction between these two conditions at this phase was not possible).
Thus, the heroin-dependent patients displayed the largest amount of total
sleep on day 1. In these patients, slow wave sleep stages III and IV were
particularly high during this period. In man, single doses of opioids have
been reported tc produce an increased delta activity in the EEG [261.
Chronic morphine administration in humans has been shown to increase the
number and total minutes of delta EEG activity [14]. Similarly, morphine
injections in the rat were followed by stuporous behavior and high-voltage
slow waves in the EEG [5, 25]. Prolonged episodes of slow wave sleep and
REM sleep also predominated in the time interval before injection of mor-
phine in dependent rats 1251. Thus, the increased amount of slow wave
sleep reported in this study on day 1 may be related to the increase in
drowsiness and increase in EEG delta activity associated with administration
of opiates.

In addition, the heroin-dependent patients on day 1 displayed an in-
crease in the number of state episodes and number of state shifts for all slow
wave sleep categories. Total minutes of awake, duration of awake episodes
and duration of awake-with-alpha episodes were also reduced in these pa-
tients on day 1. These results further indicate that the heroin-dependent
patients had less waking and more sleep on day 1 and, thus, had more op-
portunities for a greater number of state shifts and interstate intervals to
occur.

In general, the results of this study showed a significant reduction of
slow wave sleep and an increase in waking behavior associated with heroin
withdrawal in humans. These results are particularly important in the over-
all understanding of the withdrawal syndrome as the drug-dependent pa-
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tients in this study were using pure heroin. Analyses of the sequential pat-
tern of sleep-waking changes associated with heroin withdrawal are needed
to further our understanding of this phenomenon.
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