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S u m m a r y  A group of 19 middle aged patients suffering 
from primary insomnia according to the DSM-III-R were 
treated in a single-blind study with trimipramine, a sedat- 
ing antidepressant. A total of 15 patients completed the 
study protocol and were evaluated. The present pilot study 
aimed at investigating the sleep-inducing properties of trimi- 
pramine, and at clarifying the question of whether short- or 
long-term rebound insomnia occurs after discontinuation 
of this drug. At four measurement points; i.e. under base- 
line conditions, under treatment and 4 and 14 days after 
drug discontinuation, sleep was recorded with an ambula- 
tory-electroencephalogram (EEG) monitoring device in the 
patient's home environment. Simultaneously, psychometric 
tests were applied to measure withdrawal symptoms, sub- 
jective sleep quality and well-being during daytime. Trim- 
ipramine at a mean dose of 166 + 48 mg led to a significant 
increase in sleep efficiency, total sleep time, and stage 2% 
sleep-period time (SPT), whereas a significant decrease in 
wake time and stage 1% SPT was noted. Insomniac pa- 
tients reported an improvement in Subjectively perceived 
sleep quality following trimipramine. Additionally, an im- 
provement in well-being during the daytime occurred. 
Negative side effects were limited to dry mouth due to the 
anticholinergic properties of the drug. Discontinuation of 
trimipramine did not provoke either short- or long-term re- 
bound insomnia in objective and subjective sleep measure- 
ments considering mean values of the whole sample, al- 
though a subgroup of patients did display total sleep times 
below baseline values during short- and long-term with- 
drawal, but generally without a concomitant worsening of 
sleep quality according to the sleep questionnaire. 
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Introduction 

Benzodiazepines are presently the hypnotics most fre- 
quently used in the treatment of insomnia (Woods et al. 
1987; Lohse and Mtiller-Oerlinghausen 1992; Hohagen et 
al. 1993). However, as knowledge of the total efficacy/ 
side-effect spectrum of benzodiazepines has grown in re- 
cent years the uncritical attitude towards this class of 
compounds has undergone major changes. Aside from the 
possible development of tolerance and the potential for 
addiction (Tryer 1988) the main problem is the risk of re- 
bound insomnia, which can endure for several weeks after 
withdrawal of the drug (Kales et al. 1983; Gillin et al. 
1989; Kales et al. 1977), Epidemiological data indicate 
that one of the main causes for chronic use of benzo- 
diazepine hypnotics may be that the patient tries to avoid 
the occurrence of rebound insomnia after discontinuation 
of hypnotics (Hohagen et al. 1993). Furthermore, the 
long-term efficacy of benzodiazepines in the treatment of 
chronic insomnia has not yet been proven (Consensus 
Conference 1984). On the contrary, a longitudinal study in 
general practice provided data indicating that long-term 
medication with benzodiazepines is of little benefit con- 
cerning chronic insomnia (Hohagen et al. 1993). 

These shortcomings of benzodiazepine hypnotics stimu- 
late studies in the field of alternative sleep-promoting sub- 
stances (Hohagen and Berger 1990). Antidepressants with 
sedative properties are considered one of the major candi- 
dates (Ware 1983). They are considered the drugs of choice 
in depressed patients suffering from secondary insomnia 
(Ware et al. 1989; Wiegand et al. 1986). Keeping in mind 
the high comorbidity of insomnia with psychiatric dis- 
orders, especially depression (Hohagen et al. 1993; Ford 
and Kamerow 1989; Angst et al. 1989; Weyerer and Dilling 
1991), the relevance of sedating antidepressants for the 
treatment of insomnia is already obvious. Their sleep-pro- 
moting properties and the fact that up to now dependency 
has not been noted with antidepressants suggest that these 
drugs also may be suitable for the long-term treatment of 
patients suffering from chronic primary insomnia. In clini- 
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cal pract ice the administrat ion of  sedating antidepressants  
for pr imary  insomnia  is increasing (Wysowski  and Baum 
1991). Control led  studies on their eff icacy in the t reatment  
of  pr imary  insomnia  are, however,  still insufficient.  There 
is also the unanswered question of whether discontinuation 
of  ant idepressants  is accompan ied  by  rebound  insomnia .  

The a im of  the present  s ingle-b l ind  pi lo t  s tudy was to 
inves t iga te  whether  t r imipramine ,  a drug with proven  an- 
t idepress ive  (Gas tpar  1989; Lapier re  1989) and s leep pro-  
mot ing  effects in depressed  (Ware et al. 1989; W i e g a n d  et 
al. 1986; Feu i l l ade  et al. 1992) and hea l thy  subjects  
(Feui l lade  et al. 1992), is effect ive in the t rea tment  o f  
s leep d isorders  in pat ients  with p r imary  insomnia ,  and to 
evaluate  whether  wi thdrawal  of  the c o m p o u n d  is accom-  
pan ied  by  rebound  insomnia .  T r imipramine  shows charac-  
ter is t ics  a typica l  of  other ant idepressants .  Rad io l igand  
b ind ing  techniques  have shown t r imipramine  to possess  a 
b ind ing  po tency  for the D2-receptor ,  and a high affini ty 
for  the (z 1- and HI - r ecep to r s ,  an effect  which  l ike ly  
causes sedat ion (Richelson and Nelson 1984 a, b; Peroutka  
and Snyder  1990). A recent  s tudy has shown a high affin- 
i ty of  t r imipramine  for the HT2-receptor ,  which  m a y  be  
re levant  to the s leep- inducing  proper t ies  o f  the drug 
(Gross  et al. 1991). To exc lude  the ar t i f ic ial  a tmosphere  
o f  a s leep labora tory  s leep regis t ra t ion was carr ied out  
by  means  of  an ambula to ry  s l eep-e lec t roencepha logram 
(EEG) moni tor ing  device  in the pa t ien t ' s  home  environ-  
ment ,  thus invest igat ing the effect of  t r imipramine  under  
condi t ions  as natural  as possible .  

Patients and methods 

A group of 19 patients suffering from primary insomnia according 
to the DSM-III-R (American Psychiatric Association 1987) en- 
tered the study. A psychiatric disorder was excluded (according to 
the DSM-III-R) in a semistructured clinical interview by two ex- 
perienced psychiatrists. A thorough physical examination, computer- 
tomography of the brain (CCT), EEG, ECG and routine blood tests 
were required to exclude a somatic disorder. 

A total of 4 patients did not complete the whole study protocol. 
One discontinued on day 4 of the study because of unpleasant side 
effects (gastric pain) under 50 mg trimipramine. Three patients 
dropped out on day 17 under I00 mg, day 21 under 200 mg and day 
28 under 100 rag, respectively, complaining of a lack of efficacy of 
the treatment. The 15 patients who finished the whole study are in- 
cluded in the data analysis (8 males and 7 females; mean age +_ SD: 
49.4 +_ 9.1 years). They suffered from insomnia for 9.0 + 4.6 years. 

Prescribed benzodiazepine hypnotics were being taken by 6 of 
these patients upon entry into the study: 1 patient had taken chlor- 
diazepoxide (10 rag) and lorazepam (0.5 mg) for 2 months, 1 had 
taken oxazepam (10 mg) for 3 years, 1 had taken diazepam (5 mg) 
for 5 years, and 1 had taken flurazepam (30 mg) for 2 years. An- 
other 2 patients reported using various benzodiazepines for several 
years, but could not remember the exact duration of hypnotic use 
or the name of the drug. All patients had taken the benzodiazepine 
hypnotics discontinuously interspersed with several drug-free peri- 
ods. As the hypnotics were prescribed by the physician, and the 
patients had not increased the dose and no significant withdrawal 
symptoms had occurred when hypnotics were discontinued previ- 
ously, none of these patients fullfilled the DSM-III-R criteria for 
hypnotic dependency. The. remaining 9 patients who entered the 
study had all been drug-free for at least 3 months. Patients were in- 
formed in detail about the study procedures and gave written con- 
sent. The study was approved by the local ethics committee. 

Sleep-EEG recording 

Sleep was recorded and scored visually according to Rechtschaf- 
fen and Kales (Rechtschaffen and Kales 1968), EEG was recorded 
from positions C3-A2 and C4-A1, the electro-oculogram (EOG) 
was recorded horizontally and the electromyogram (EMG) was 
recorded submentally. Polysomnography was performed by means 
of an 8-channel ambulatory sleep-EEG monitoring device (Walter 
Electronics) in the patient's home environment. A laboratory tech- 
nician went to the patient's home in the evening of the day when 
sleep recordings were scheduled to fix the electrodes, returning to 
detach them the following morning. On these days and during the 
whole study period patients were asked to follow their habitual 
sleep/wake schedules. Sleep-EEG recordings at each measurement 
point (see Treatment) were preceded by an adaptation night. The 
second night was evaluated for the following sleep parameters: 
1. Sleep efficiency, ratio of total sleep time (TST) to time in bed 
(TIB) x 100% 
2. Stages wake, 1, 2 and slow-wave sleep (SWS, stages 3 and 4 
combined), and rapid eye movement sleep (REM), all expressed in 
minutes and percent of sleep-period time (SPT, time from sleep 
onset until final awakening) 
3. Latencies, i.e. time from the beginning of the record to the first 
epoch of stage 2 (sleep-onset latency) and from sleep onset to the 
first epoch to the stage REM (REM latency) in minutes 
4. Number of awakenings during SPT (at least one epoch of stage 
wake) 
5. REM density for the first REM period and for the whole night 
(REM density is defined as the ratio of 3-s mini-epochs, including 
eye movements, to the total number of 3-s mini-epochs per REM 
period x 100%) 

Treatment 

Figure 1 displays the study design. Sleep-EEG recordings and psy- 
chometric tests were performed at baseline (day 0), day 28 (last 
night of treatment), day 33 (4 days after discontinuation of treat- 
ment under placebo) and again on day 42 (2 weeks after discontin- 
uation of treatment under placebo). After adaptation the baseline 
night was registered under completely drug-free conditions in nine 
patients and under treatment with benzodiazepines in six. The aim 
of this procedure was to assess virtual sleep quality under condi- 
tions in which patients came to our sleep disorder center com- 
plaining about disturbed sleep. Drug withdrawal was standardised 
in the six patients who were treated with benzodiazepines. They 
were switched to 10 mg oxazepam for the first 3 days of the study, 
then oxazepam was decreased to 5 mg for 3 days and afterwards 
completely withdrawn. 

Patients were treated with trimipramine for 28 days. After the 
baseline sleep-EEG recording trimipramine (25 mg) was adminis- 
tered. The dose was increased stepwise every 2 days by 25 rag. 
Those patients receiving benzodiazepines concomitantly received 
gradually tapered doses according to the schedule previously de- 
scribed. Thus, all patients were on monotherapy with trimipramine 
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6 days after inclusion in the study. Trimipramine was always ad- 
ministered in a single dose 1 h before "lights off''. 

Patients were seen once a week in our outpatient department to 
evaluate the clinical efficacy of trimipramine and to control side 
effects. The patients were blind to drug conditions, whereas the 
physician in charge was not, which means that patients were in- 
formed about the verum-placebo design without knowing the time 
when verum was switched to placebo. In the weekly consultations 
the drug dose was adjusted to the individual needs of each patient. 
Sufficient therapeutic effects was defined as a significant improve- 
ment in insomnia according to the patient's subjective perception. 
A 200-mg dose of trimipramine was set as the maximum dose, 
which could be reached in conjunction with the described tapering 
process after 15 days. The trimipramine requirements were as fol- 
lows: 2 patients required 75 rag, 1 patient 100 rag, 3 patients 150 
mg and 9 patients 200 mg. The mean highest dose of trimipramine 
achieved by this procedure was 166 mg 4- 48 mg. After 28 days of 
trimipramine treatment sleep recordings were repeated to evaluate 
the impact of the drug on sleep-EEG variables. 

Then trimipramine was discontinued in a single-blind manner. 
Prior to night 29 patients were administered half of the dose taken 
during the treatment period, substituting the other half of the dose 
with placebo. On the subsequent night they were switched com- 
pletely to placebo to investigate whether rebound insomnia oc- 
curred after drug discontinuation. To assess short- and long-term 
rebound phenomena sleep-EEG was registered 4 days (day 33) and 
2 weeks (day 42) after discontinuation of trimipramine. Rebound 
insomnia was defined as a simultaneous worsening compared to 
pretreatment levels of total sleep time (TST; rain) in the sleep- 
EEG, and of subjective sleep quality in the standardised sleep 
questionnaire SF-A upon discontinuation of trimipramine. 

Psychometric tests 

All psychometric tests (apart from the side-effects check list that 
was filled out weekly) were applied on the same day as the sleep- 
EEG recordings, i.e. day 0, 28 33 and 42. 

Subjective sleep quality 

Subjective sleep quality was measured by means of a standardised 
sleep questionnaire (SF-A; G6rtelmeyer 1985). The SF-A is a self- 
rating questionnaire that includes questions about daytime events, 
sleep habits, sleep quality, and the state of well-being the evening 
before and the morning after the investigation night. The evalua- 
tion of the 22 items yields the following five factors: 
Factor 1: sleep quality (a composite score, including items like 
sleep latency, number and duration of nocturnal awakenings and 
sleep duration) 
Factor 2: the feeling of being recovered in the morning 
Factor 3: well-being in the evening 
Factor 4: mental exhaustion in the evening 
Factor 5: physical symptoms during the sleep period (i.E. my- 
oclonus when falling asleep, precordial pain, sweating and 
headache during the nighttime). 

Scores for each factor range from 1-5. A low score denotes the 
negative end of the scale (i.e. for sleep quality: very bad sleep), 
whereas a score of 5 represents the positive end (i.e. for sleep qual- 
ity: excellent sleep). 

Well-being during the daytime 

To assess well-being during the daytime the Adjective Mood Scale 
(AMS; von Zerssen 1986) was completed. The AMS ranges from 
0-56, with 0 denoting well-being, whereas a score of 56 means ab- 
solute uneasiness. 
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Withdrawal symptoms 

Withdrawal symptoms were assessed by means of the Withdrawal 
Symptom Scale (WSS; Merz and Ballmer 1983). The WSS in- 
cludes 20 items that focus on symptoms related to benzodiazepine 
or barbiturate withdrawal. All items rated from 1-4, with 1 mean- 
ing that none or only some of the time the respective symptom oc- 
curred, whereas 4 means that the symptom occurred most of the 
time. The values of the items are added, which yields the WSS 
score. 

Side effects 

Side effects were monitored weekly by means of a standardised 
symptom check list (Fischer Somatic or Undesired Effects Check 
List [FSUCL], Fischer-Cornelssen 1985), which includes 26 items. 

Statistics 

For descriptive statistics mean _+ SD were calculated. For inferen- 
tial statistics analyses of variance (ANOVAs; corrected according 
to the method of Greenhouse and Geisser) were calculated with the 
factor-repeated measurement (baseline, day 28, day 33 and day 42) 
concerning sleep variables and the results of the psychometric 
tests. For ANOVAs with a P value < 0.05 two-tailed t-tests for 
paired samples were computed to contrast the measurement points. 
In order to evaluate sleep-inducing properties and possible re- 
bound effects after discontinuation of trimipramine calculation of 
statistical contrasts was performed in two steps: Treatment condi- 
tion (day 28) was compared to baseline (day 0) and placebo (day 
33 and day 42) and baseline condition (day 0) was compared to 
placebo (day 33 and day 42). 

In a further step of the analysis the degree of treatment re- 
sponse and possible rebound phenomena were investigated, calcu- 
lating ~ values of TST in the sleep-EEG, and sleep quality in the 
SF-A. Delta values were calculated for treatment condition (day 28 
- day 0) and placebo condition after drug discontinuation (day 33 - 
day 0 and day 42 - day 0). To assess age and dose effects TST un- 
der baseline and 8 values of TST under treatment and placebo were 
correlated with age and dose of trimipramine. To investigate 
whether TST under baseline serves as a predictor for treatment re- 
sponse and possible rebound phenomena TST at day 0 was corre- 
lated with 6 values of TST and sleep quality under treatment and 
placebo after discontinuation of trimipramine. Furthermore, TST 
and ~ values of TST and sleep quality under treatment and after 
discontinuation were correlated to each other to clarify whether 
objective sleep recording and subjective sleep perception agree. 
For all correlations a Pearson correlation coefficient was used. For 
statistical evaluation of side effects a Cochran test was performed. 
For significant results contrasts were calculated according to Fleiss 
(1990). The level of significance for all calculations was set at 5% 
(two-tailed test). 

Results 

Under  basel ine condit ions insomniac  patients showed low 
sleep efficiency (78.3%), low TST (357.2 rain) and high 
wake times (83.0 rain; 12.3% SPT), whereas sleep onset 
time (28.8 rain) for the whole group did not differ clearly 
from normative values of  good sleepers in the correspon- 
dent age group. A closer look at the individual  s leep-EEG 
data of every patient, however, revealed that TST showed 
a range from 245 rain - 450 rain. For further analysis of 
TST under  baseline,  during treatment and after drug dis- 
continuation,  we split up the sample into two groups, as- 
sessing a TST of 360 rain as the cut-off: group I had a 
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Fig .2  Mean total sleep time (TST; min) when splitting up the 
sample into two groups: group I (n = 8): mean TST > 360 min; 
group II (n = 7): mean TST < 360 min 

TST > 360 rain and group II  had a TST < 360 min  (Fig. 
2). A total  of  8 pat ients  (four males  and four  females)  dis-  
p l ayed  TST longer  than 360 rain (mean  417 +_ 28.5 min) 
and 7 pat ients  (3 females  and 4 males)  showed  TSTs 
shorter  than 360 rain (mean 288 + 28.6 rain).  There  was 
no s ignif icant  age di f ference be tween  the groups (mean 
age 48.5 + 9.3 years  vs 50.5 4-_ 9.2 years) .  The  TST was 

not  corre la ted  with sleep qual i ty  in the SF-A,  i.e. objec-  
t ive s leep recording  d id  not  agree wi th  subjec t ive  s leep 
percept ion.  

To evaluate  dif ferences  be tween  pat ients  who were  
drug-f ree  (n = 9) and pat ients  who were  taking benzodi -  
azepines  at the beginning  o f  the study (n = 6) a s tat is t ical  
analysis  was pe r fo rmed  to compare  both groups.  No  sig- 
nif icant  di f ferences  could  be detected be tween  both 
groups  during the whole  study per iod  concerning sleep-  
E E G  recordings ,  psychomet r i c  tests and side effects (data 
not  shown).  

Table 1 d i sp lays  the sleep var iables  during the four 
measu remen t  points  and the results of  the ANOVA.  (The 
s ignif icant  results  o f  the t-tests are g iven in the text). 
Table  2 shows mean  va lue  + SD of  the psychomet r i c  tests. 
F igure  3 d i sp lays  TST (rain), wake% SPT and subjec t ive  
s leep qual i ty  (SF-A)  during the whole  s tudy period.  

Sleep induct ion 

Sleep-EEG 

In order  to inves t iga te  s leep- inducing  proper t ies  of  tr imi- 
p ramine  t rea tment  condi t ion  (day 28) was compared  with 
base l ine  condi t ion  (day 0) and p lacebo  condi t ion  (day 33) 
and day  42). Regard ing  sleep cont inui ty  TST (min) was 
s ignif icant ly  increased  under  t r imipramine ,  compar ing  
base l ine  condi t ion  with t rea tment  (difference approxi -  

Table 1 Effects of trim- 
ipramine on sleep variables 
(mean and SD): Results of 
ANOVA (analysis of vari- 
ance). TST total sleep time; 
SPT sleep period time; REM 
rapid eye movement; SO sleep 
onset; SWS slow-wave sleep; 
df degrees of freedom 

* P < 0.05 
** P < 0.01 

F P Baseline Day 28 Day 33 Day 42 
(df = 42.3) 

Sleep continuity 

Bedtime (rain) 2.43 455.3 + 54.1 478.7 + 48.0 426.3 _+ 65.3 450.5 _+ 55.7 
TST (rain) 3.33 * 357.2 + 72.4 422.0 • 53.7 366.2 • 76.4 382.8 • 65.4 
SO latency (rain) 0.56 28.8 • 20.2 24.1 • 26.1 21.9 + 15.9 20.6 +- 14.8 
Nowake 1.52 18.1• 11.4• 12.6+-_ 6.1 13.0• 8.2 
Sleep efficiency (%) 4.37 ** 78.3 • 11.9 88.1 • 7.4 85.5 • 9.3 84.8 • 8.3 

Sleep architecture 

Wake (min) 2.93 * 83.0 • 52.5 46.6 + 31.5 57.9 +- 47.6 60.8 • 36.6 
S1 (rain) 4.28 ** 76.8 • 48.8 52.8 • 30.3 61.4 +- 39.3 50.7 • 25,7 
$2 (rain) 6,23 ** 192.2 + 48.0 256.6 • 45.0 202.9 4- 48.9 227.9 • 47.3 
SWS (min) 1.3 21.1 • 32.6 29.2 + 27.6 24.0 • 27.2 28.8 • 29.9 
Wake (% SPT) 4.67 ** 12.3 • 10.7 5.3 • 6.4 5.3 +- 4.2 8.3 -+ 7.0 
S1 (% SPT) 5.14 ** 15.4 • 9.1 9.6 + 6.1 12.2 • 7.6 10.7 +__ 5.9 
$2 (% SPT) 5.40 ** 47.4 • 10.6 57.5 • 8.0 55.0 • 8.2 54.8 +- 9.3 
SWS (% SPT) 1.30 4 .9•  7.5 6.5 • 6.2 7.1•  8.6 6.5+- 6.0 

REM sleep 

REM latency (min) 0.94 100.8 • 46.2 87.9 _+ 49.4 80.2 +__ 37.6 83.6 +- 42.8 
REM (% SPT) 0.17 19.1 • 7.5 20.1 • 7.0 19.3 • 5.6 18.9 • 5.1 
REM (min) 0.85 79.4 • 35.1 90.1 + 33.1 76.7 • 32.6 79.0 • 23.6 
REM density (%) 3.80 * 16.7 • 6.8 21.0 +- 9.7 17.3 +_ 6.8 16,0 • 5.9 
REM period 

duration (min) 0.68 21.1 • 12.1 18.5 _+ 12.4 17.9 +- 10.3 23.0 • 8.9 
REM period 

density(%) 0.33 14.6• 15.8_+11.5 13.2• 7,0 14.8• 7.7 
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F P Baseline Day 28 Day 33 Day 42 
(df = 42.3) 

Table 2 Effects of trim- 
ipramine on psychometric tests 
(mean + SD). WSS With- 
drawal Symptom Scale; AMS 
Adjective Mood Scale; SF-A 
standard sleep questionnaire 

For explanation see method 
section 

* P < 0.05 
** P < 0.01 

WSS ~ 

AMS ~ 

SF-A a 
1 
2 
3 
4 
5 

7.54 ** 30.93 +-- 5.70 

4.40 ** 22.87 +__ 10.65 

3.38 * 2.30• 0.83 
2.40 2.17 + 0.63 
1.00 3.14 __+ 0.75 
0.04 2.89 +- 0.84 
0.38 2.07 _+ 0.59 

26.13• 4.98 26.91+__ 5.49 26.07• 4.86 

17.13 • 10.68 18.79 -+ 10.89 19.60 _+ 12.08 

3.33__+ 0.98 2.70__+ 0.96 2.77__+ 1.10 
2.98 • 1.04 2.64__+ 0.82 2.83__+ 0.87 
3.40_+ 0.87 3.19 • 0.70 3.35 _+ 0.74 
3.00 --2- 0.70 2.99 • 0.85 2.96 -+ 0.59 
1.88__+ 0.93 2.13_+ 0.65 2.11__+ 0.82 

sso I total sleep time 

rain 

1 
0 28 33 42 

days 

z5 wake 
I 

%SPT [ 

20 

15 

,0  

5 I 

o r . 
0 28 33 

0 

sleep quality (SFA) 

42 0 28 33 42 

days day s 

Fig.3 TST (min), wake % sleep-period time (SPT) and subjective 
sleep quality (SF-A) during the whole study period (mean and SD) 

mately 1 h; P < 0.01) and significantly decreased under 
placebo conditions after drug continuation to nearly the 
same TST (rain) as before treatment (P < 0.01). Sleep-ef- 
ficiency percent increased significantly, comparing base- 
line condition with treatment (P < 0.01), and remained 
significantly increased after discontinuation of trimi- 
pramine, although TST had decreased significantly after 
drug withdrawal. This was due to a reduction in the time 
spent in bed after drug discontinuation, which led to an 
unchanged sleep efficiency. No other changes were ob- 
served concerning sleep continuity, especially no shorten- 
ing of sleep latency. 

When splitting up the sample according to TST (Fig. 2) 
both groups showed significantly increased TSTs com- 
pared to baseline (group I: mean TST 436 + 39.8 rain; P < 
0.05; group II: mean TST 405.6 _+ 65.5 min; P > 0.01). At 
baseline TST showed a significant inverse correlation to 
the increase in TST under trimipramine, i.e. the lower the 
TST, the higher the treatment response (-0.74, P < 0.002). 
Both groups differed significantly in the dose of trimi- 
pramine administered: group I required significantly less 
trimipramine (mean dose 143.7 _+ 54.6 mg) than group II 
(mean dose 192.8 + 18.8 mg; P < 0.05). There was no sig- 

nificant correlation between increase in TST under trimi- 
pramine and age. Increase in TST correlated significantly 
with improvement in sleep quality according to the SF-A. 

Regarding sleep architecture the administration of 
trimipramine (day 28) led to a significant decrease in 
wake (P < 0.01) and stage 1 sleep (P < 0.01), whereas 
stage 2 sleep increased significantly compared to baseline 
(day 0; P < 0.01). Comparing treatment (day 28) with 
placebo condition (day 42) stage 1 and stage 2 remained 
unchanged. The administration of trimipramine had no 
significant effect on slow-wave sleep. No significant 
change of REM sleep parameters was observed, other 
than REM density percent, which was significantly in- 
creased under trimipramine compared to baseline condi- 
tion (P < 0.05) and placebo conditions (day 33 and day 
42; P < 0.05). 

P s y c h o m e t r i c  tests 

In the standardised sleep questionnaire (SF-A) the t-test 
revealed that sleep quality (factor 1) increased signifi- 
cantly under treatment compared to baseline (P < 0.01), 
whereas there was a decrease in sleep quality under 
placebo condition after discontinuation of the drug, reach- 
ing the level of  significance on day 42 (P < 0.05). No fur- 
ther changes in the SF-A were observed. There was a sig- 
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nificant improvement in well-being during the day, mea- 
sured by the AMS under trimipramine compared to base- 
line (P < 0.01). This effect was still observed on day 33, 
but had vanished by day 42 (Table 2). 

ing of sleep quality according to the sleep questionnaire 
SF-A on day 33, and only three did so on day 42. 

Side effects 

Rebound insomnia 

In order to investigate short- or long-term rebound insom- 
nia after drug discontinuation baseline condition (day 0) 
was compared with placebo condition 4 days (day 33) and 
2 weeks (day 42) after trimipramine withdrawal. 

Under trimipramine significantly more patients com- 
plained about dryness of mouth (P < 0.05), whereas sig- 
nificantly fewer patients reported restlessness (P < 0.01). 
Restlessness reappeared after drug discontinuation, 
whereas dryness of the mouth disappeared. 

Sleep-EEG 

For the whole patient group there was no significant 
change below baseline values of TST or other sleep vari- 
ables related to sleep quality after discontinuation of trim- 
ipramine on day 33 and day 42. Nevertheless, when 
analysing the TST of each patient a subgroup of seven pa- 
tients showed decreased TSTs below baseline values on 
day 33. Although TST showed a tendency towards base- 
line values on day 42, values in four of these patients still 
remained lower than those at baseline. 

Group I showed a trend towards a decrease of TST af- 
ter discontinuation of trimipramine on day 33 (mean 
350.8 _+ 29.4; P = 0.07) and day 42 (mean 405.6 + 70.9; 
n.s.) Group II still displayed signficantly improved TSTs 
on both placebo days (day 33. mean 383.8 + 69.7; P < 
0.05; day 42: mean 356.6 + 51.2; P < 0.05; Fig.2). 

There was a positive correlation between TST under 
baseline and the decrease in TST after drug discontinu- 
ation on days 22 and 42 (-0.77; P < 0.001 and -0.63; 
P < 0.05, respectively). A significant correlation was also 
found between the increase in TST under trimipramine 
and the decrease in TST after drug discontinuation on 
both measurement days (0.75; P < 0.001; 0.69; P < 0.01). 
No significant correlation could be found between the de- 
crease in TST and age, dose and subjective sleep quality 
in the SF-A. 

Psychometric tests 

Regarding the mean values for the whole group sleep 
quality after discontinuation of trimipramine measured by 
the SF-A did not fall below baseline values. Furthermore, 
there was no increase in withdrawal symptoms (according 
to the Withdrawal Symptom Scale) nor a worsening of 
daytime well-being (according to the Adjective Mood 
Scale) for the whole group (Table 2). 

When analysing sleep quality in the SF-A of each pa- 
tient five patients showed a worsening of sleep quality to 
below baseline values on day 33, and values for four of 
these patients were still lower than those at baseline on 
day 42. Two of the seven patients who showed decreased 
TST in the sleep-EEG fullfilled the previously adopted 
criteria for rebound insomnia with a concomitant worsen- 

Discussion 

Although in clinical practice chronic insomniac patients 
are frequently treated with sedating antidepressants 
(Wysowski and Baum 1991), studies on the efficacy of 
antidepressants in primary insomnia are insufficient. To 
our knowledge this is the first study investigating the ef- 
fect of an antidepressant on sleep in patients suffering 
from primary insomnia to have included sleep-EEG mea- 
surements. In contrast to most studies on hypnotics, sleep 
registration was carried out by means of the mobile long- 
term EEG in the patient's home environment to yield the 
most realistic results possible, and to exclude the artificial 
atmosphere of a sleep laboratory. In our single-blind pilot 
study we included drug-free insomniac patients and pa- 
tients who, despite taking benzodiazepine hypnotics, were 
complaining about disturbed sleep. The reason for includ- 
ing both patient groups was to mimic in a naturalistic 
study design the situation generally encountered in clini- 
cal practice. During the whole study period there were no 
significant differences concerning sleep-EEG measure- 
ments, psychometric testings and side effects between the 
drug-free group and the patients who had previously taken 
benzodiazepines. 

All patients fulfilled operationalised diagnostic criteria 
according to the DSM-III-R for primary insomnia, i.e. 
they complained about disturbed sleep at least three times 
a week with a duration of at least 4 weeks that was severe 
enough to cause impairment of daytime functioning and 
well-being. The subjective complaint about disturbed 
sleep was reflected in the sleep-EEG under baseline con- 
ditions by low sleep efficiency and a high wake time for 
the whole group, and corresponded well to sleep data on 
insomniac patients in the same age group from other stud- 
ies recording sleep at home (Coates et al. 1982) and in the 
laboratory (Carscadon et al. 1976; Frankel et al. 1976). 
Nevertheless, the whole sample showed a wide range in 
TST, reaching from normal values to clearly decreased 
values. Thus, 8 patients complained about sleep while 
showing normal TSTs longer than 6 h, indicating that the 
underlying problem seemed to be subjective sleep-stage 
misperception, whereas the remaining 7 patients showed 
TSTs shorter than 6 h, probably due to insufficient sleep 
generation. Interestingly, subjective judgement of sleep 
quality did not correlate with objective measurement of 
TST in the sleep-EEG. It is well known that many insom- 



niac patients consistently underestimate their amount of 
sleep time and overestimate the amount of time awake in 
comparison with laboratory data (Coates et al. 1982; 
Carscadon et al. 1976; Frankel et al. 1976; Killen et al. 
1981). 

The results of our study show that trimipramine has 
significant sleep-inducing properties in insomniac pa- 
tients. Compared to the state before treatment the admin- 
istration of trimipramine led to a significant increase in 
sleep efficiency, TST, i.e. patients slept approximately 1 h 
longer, and a significant decrease in wake time. Neverthe- 
less, sleep latency was not shortened. As trimipramine was 
given 1 h before "lights of f '  the drug may not yet have at- 
tained central nervous activity at that time. In accordance 
with the literature (Ware et al. 1989; Wiegand et al. 1986) 
trimipramine did not suppress REM sleep and had no in- 
fluence on slow-wave sleep. The sleep-inducing proper- 
ties of trimipramine were reflected also in the psychome- 
tric tests. Under treatment with trimipramine patients re- 
ported a significant improvement in sleep quality on the 
standardised sleep questionnaire. Additionally, well-being 
during the daytime was improved significantly according 
to the Adjective Mood Scale. Thus, sleep disturbances 
and the daytime consequences thereof were ameliorated 
significantly in the objective sleep-EEG measurements 
and in the subjective statement of the patients on stan- 
dardised questionnaires. 

A significant correlation was found between TST under 
baseline conditions and treatment response. The lower the 
TST the more patients benefited from treatment with trim- 
ipramine. This was expected because patients with long 
TSTs can improve sleep duration only up to a certain limit 
("ceiling effect"). Patients with TSTs of less than 6 h un- 
der baseline conditions needed significantly higher doses 
of trimipramine to achieve an improvement in their sleep 
problem than did patients whose TST exceeded 6 h. 

Nevertheless, the high drop-out rate in our study has to 
be considered when evaluating the clinical efficacy of trimi- 
pramine. Of 19 patients 4 did not finish the study, 3 of whom 
dropped out after 17-21 days, because they did not expe- 
rience an improvement in their sleep disturbance. Thus, 
although insomnia improved in most patients approxi- 
mately every fourth patient did not benefit from treatment 
with trimipramine, as reflected by the drop-out rate. 

One of the primary aims of this study was to investi- 
gate whether short- or long-term rebound insomnia oc- 
curred after discontinuation of trimipramine. For this pur- 
pose trimipramine was discontinued in a single-blind way 
relatively abruptly (within 2 days). Before discussing our 
data some methodological issues must be addressed. The 
concept of rebound insomnia has been discussed contro- 
versially. In most studies rebound insomnia is defined as a 
significant deterioration to below baseline levels in one or 
more sleep measures such as increased sleep latency, in- 
creased total wake time or wake time after sleep onset, re- 
duced TST or reduced sleep efficiency (for overview see 
Gillin et al. 1989). Generally, patients' subjective percep- 
tion of sleep quality is not included. However, up to now 
there is no widely recognised definition of rebound in- 
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somnia. In our study we defined rebound insomnia as the 
decrease in TST with concomitant worsening of subjec- 
tive sleep quality according to the standardised sleep 
questionnaire. Comparing baseline with placebo condition 
4 days and 2 weeks after trimipramine withdrawal, no 
signs of short- or long-term rebound insomnia could be 
detected when looking at mean values of the whole pa- 
tient group. Although TST decreased significantly the 
values never fell below TST as measured under baseline 
conditions before treatment with trimipramine. Other 
variables of sleep continuity and sleep architecture, espe- 
cially sleep efficiency and wake % SPT, remained un- 
changed compared to the state before treatment. Further- 
more, after discontinuation of trimipramine no increase of 
withdrawal symptoms was reported on the withdrawal 
symptom scale. Although no short- or long-term rebound 
insomnia could be found concerning the mean values for 
the whole group, a closer analysis revealed that a sub- 
group of seven patients showed a marked worsening of 
TST after discontinuation of trimipramine. Nevertheless, 
only two of them showed a concomitant worsening of 
sleep quality according to the sleep questionnaire. Thus, 
the worsening of TST in the sleep-EEG was not reflected 
by the subjective perception of most patients. Further 
placebo-controlled studies are needed to clarify whether 
rebound insomnia occurs regularly after abrupt with- 
drawal of antidepressants. We conclude from our data that 
abrupt discontinuation of antidepressants should be 
avoided in the treatment of insomniac patients. 

Longer sleep duration under baseline and smaller treat- 
ment response under trimipramine were correlated with a 
more pronounced decrease in TST after drug withdrawal. 
Thus, patients with an underlying sleep state mispercep- 
tion without showing evidence of shortened sleep in the 
sleep-EEG showed little improvement in insomnia under 
trimipramine and a marked worsening of TST after drug 
discontinuation in the sleep-EEG. On the other hand, pa- 
tients with evidence of shortened sleep in the sleep-EEG 
showed a clear benefit from drug treatment and main- 
tained an improved TST after discontinuation of trim- 
ipramine. This finding suggests that the sleep EEG may 
be a helpful instrument in selecting an adequate treatment 
method for insomniac patients. Patients with no signs of 
insomnia in the sleep-EEG may benefit more from cogni- 
tive-behavionr therapy to correct their subjective misper- 
ception of sleep, whereas patients with signs of sleep dis- 
turbance in the sleep-EEG may be candidates for pharma- 
cological treatment. However, further research on this 
topic must consider that subjective perception of sleep 
quality very often does not correlate with the sleep-EEG 
measurement. 

The treatment with trimipramine was well tolerated. 
The only remarkable side effect was dryness of the mouth, 
and restlessness was reported less frequently. Neverthe- 
less, the sleep-inducing properties of trimipramine have to 
be carefully weighed against possible side effects of anti- 
depressant treatment in primary insomnia. The anticholin- 
ergic properties of the drug must be considered, especially 
in elderly patients, and routine blood tests must be per- 
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fo rmed  to control  :for changes  in b lood  count  and l iver  en- 
zymes .  Fur thermore ,  the mean  dose o f  166 mg necessary  
to improve  s leep was high. In contras t  to the t rea tment  
wi th  benzod iazep ine  hypnot ics  the dose o f  sedat ing anti- 
depressants  mus t  be increased  s tepwise  to y ie ld  a s leep-  
inducing  effect,  and every  pat ient  requires  an ind iv idua l  
dose.  On the other  hand,  as the deve lopmen t  o f  addic t ion  
is unknown under treatment with antidepressants, these drugs 
seem to be especial ly suitable for long-term administration.  
Cons ider ing  the advantages  and d isadvantages  of  t reat ing 
p r imary  insomniac  pat ients  wi th  t r imipramine  this drug 
seems to be an effect ive a l ternat ive to benzod iazep ine  
t reatment ,  espec ia l ly  for chronic  insomniac  patients.  
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