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Abstract To test the hypothesis that the administration
of L -5-hydroxytryptophan (L -5-HTP) might exert
beneﬁcial eﬀects on sleep terrors, we carried out an open
pharmacological trial in a group of children with sleep
terrors compared to a group of children with the same
disorder but without L -5-HTP treatment. Participants
in the trial were 45 children (34 males and 11 females;
age range 3.2–10.6 years), referred to the Sleep Centre of
the Department of Developmental Neurology and
Psychiatry of the University of Rome ‘‘La Sapienza’’,
aﬀected by sleep terrors. All subjects underwent: (1)
complete medical and sleep history; (2) complete neurological examination and EEG recording whilst awake
and sleeping, (3) a structured sleep diary for 2 months,
(4) after 1 month, all subjects were examined again from
the clinical and EEG points of view and (5) after 6
months, a structured interview in order to evaluate the
clinical outcome. After the ﬁrst visit, L -5-HTP was
administered (2 mg/kg per day) at bedtime to 31 randomly selected patients for a single period of 20 consecutive days. After 1 month of treatment, 29/31
(93.5%) of patients showed a positive response. In the
comparison group without drug therapy, after 1 month,
the episodes disappeared only in four children (28.6%)
while ten children (71.4%) showed the persistence of
episodes with the same frequency as before. After 6
months, 26/31 (83.9%) of children treated with L -5HTP
were sleep terror-free, while in ﬁve children (16.1%)
sleep terror episodes persisted. Of the children in the
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comparison group, ten (71.4%) continued to show sleep
terrors at 6-month follow-up. Conclusion: To our
knowledge, this is the ﬁrst study demonstrating the
eﬃcacy of a new drug treatment for sleep terrors. These
results conﬁrm our initial hypothesis and represent evidence that treatment with L -5-hydroxytryptophan is
able to modulate the arousal level in children and to
induce a long-term improvement of sleep terrors.
Keywords Arousal disorders Æ
L -5-Hydroxytryptophan Æ Serotoninergic system Æ
Sleep terrors
Abbreviations EMS: eosinophilia-myalgia syndrome Æ
HSDWA: hypersynchronous high voltage delta waves
arousal Æ HVMD: high voltage monomorphic delta Æ
L -5-HTP: L -5-hydroxytryptophan Æ NREM: non rapid
eye movement Æ PLMs: periodic limb movements
during sleep Æ SDB: sleep-disordered breathing

Introduction
Sleep terrors are characterised by sudden waking from
slow-wave sleep with persistent fear or terror, screaming, sweating, confusion, and increased heart rate. The
subjects aﬀected by this sleep disorder usually do not
report dreams or nightmares but might have a vague
sense of frightening images. Sleep terrors show a
prevalence rate ranging from 1% to 6.5% [9]. Sleep
terrors can aﬀect also adults; however, they show a
peak of prevalence between 5 and 7 years of age and
their frequency reaches its maximum soon after the
onset of the disorder.
As shown by Di Mario and Emery [9], children suffering from sleep terrors with age at onset less than 3.5
years attain a peak frequency of at least one episode per
week, while children with age at onset between 3.5 and
7.5 years usually reach a peak frequency of 1–2 episodes
per month; in the same study, the disorder mean
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duration was 3.9 years, with a tendency for longer
duration in children with positive family history for
sleep walking. In the same study, sleep terrors stopped
by the age of 8 years in 50% of cases; 36% continued
into adolescence.
Diﬀerent therapeutic strategies have been proposed
for sleep terrors: a behavioural approach, reinforcing
age-appropriate sleep patterns, reassuring and guiding
parents [32]; an approach based on psychotherapy or
hypnosis [10,19]; waking treatment [20]; and a pharmacological approach using diﬀerent classes of medication
such as benzodiazepines and tricyclic antidepressants [3,
5, 6, 23, 25]. However, drugs are only rarely used in
clinical practice.
It has been suggested that the manifestations of
arousal disorders, such as sleep terrors, may be due to a
conﬂict between the mechanisms generating slow-wave
sleep and arousal, dependent on a dysfunction in the
serotoninergic system [1,16]. It is also known that high
doses of L -5-hydroxytryptophan ( L -5-HTP), a precursor of serotonin, might cause the production of sleeppromoting factors [15].
In order to collect preliminary data on the eventual
eﬃcacy of L -5-HTP on sleep terrors, we carried out an
open-label study with the aim of treating a group of
children aﬀected by sleep terrors with this compound and
to compare their outcome with that of a group of children
with the same disorder but without L -5-HTP treatment.

Subjects and methods
Subjects
A total of 45 consecutive children (34 males and 11
females; age range 3.2–10.6 years), referred to the Sleep
Centre of the Department of Developmental Neurology
and Psychiatry of the University of Rome ‘‘La Sapienza’’, aﬀected by sleep terrors were included in this study.
All parents of the children who were seen and monitored
in the sleep clinic were asked to sign a consent form
approved by the institution for use of clinical data for
research purposes.
The diagnosis of sleep terrors was based on the criteria reported in the International Classiﬁcation of Sleep
Disorders [2] and all subjects presented the following
features:
1. sleep terrors (sudden arousal during the ﬁrst third of
the night with a piercing scream or cry, accompanied
by autonomic and behavioural manifestations of intense fear)
2. partial or total amnesia for the events during the
episode
3. at least 3 episodes during the last month
4. presence of sleep terror episodes for at least 3 months
5. absence of seizures
None of the children had taken medications for their
sleep disorders.

Protocol
Each child underwent the same standardised evaluation
protocol. A complete medical history and a detailed
sleep history were taken. Parents and children were
interviewed about the children’s schooling, psychological diﬃculties, medication intake, and family history of
medical and sleep disorders. Medical histories included
systematic assessment of variables relevant to early life
sleep disorders, such as allergies and asthma. Family
histories included inquiries about parasomnias and
other sleep disorders, and aﬀected relatives were examined when possible. All children underwent a complete
neurological examination and EEG recording whilst
awake and sleeping in order to rule out any neurological
conditions which might cause or might be confounded
with sleep terrors. A structured sleep diary for 2 months
was completed and the eventual occurrence of sleep
terror episodes recorded. After 1 month, all subjects
were examined and a structured interview was conducted in order to quantify the frequency of sleep terror
episodes and to evaluate their clinical outcome. After 6
months, parents of patients were contacted by telephone
and invited to our Department. On this occasion the
same structured interview was conducted in order to
evaluate the frequency of sleep terror episodes and the
clinical outcome.
Patients were randomly assigned to two groups:
group A treated with L -5-HTP and group B in which no
drug therapy was given and parents were told that the
disturbance usually shows a benign course, disappearing
during adolescence. No behavioural treatment or any
other non-pharmacological therapy was suggested to
patients of group B.
After the neurological evaluation and the recording
of the EEG, a dosage of 2 mg/kg per day of L -5-HTP
[13, 24, 30] was administered at bedtime to all patients of
group A for a single period of 20 consecutive days.
Blood samples were monitored on a regular basis every
month in order to detect the eventual occurrence of
eosinophilia, with the aim of avoiding the development
of eosinophilia-myalgia syndrome (EMS), previously
reported during treatment with L -tryptophan [21, 22].
Patients were considered as responders if they showed
a >50% reduction in the number of reported sleep
terror episodes with respect to their individual baseline
value.

Results
Group A was composed of 31 subjects (22 males, 9 females; mean age 6.8 years, SD 2.6) and group B was
composed of 14 subjects (12 males, 2 females; mean age
7.4 years, SD 3.0). The clinical characteristics of the
whole group of children, who were behaviourally and
developmentally normal, are given in Table 1. Family
history for arousal disorders was reported in 32 out of
the 45 children (71%). The frequency of sleep terror
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Table 1 Clinical characteristics of the children with sleep terrors (n=45)
Mean age at observation (years)
Mean age at onset (years)
Gender
males
females
Frequency of episodes (per month)
Positive family history
Snoring
Sleepwalking
Enuresis
Restless sleep
Night awakenings

7.3 (range 3.2–10.6)
3.4 (range 1.6–5.9)
34 (75.5%)
11 (25.5%)
6.6±3.4
32 (71.1%)
9 (20%)
4 (8.8%)
3 (6.6%)
18 (40%)
3 (6.6%)

Table 2 Evolution of sleep terrors at 1 month and at 6 months in relation to treatment. Responders are patients with a reduction in sleep
terror episodes >50% from baseline

L

-5-HTP treatment

No treatment

After 1 month

After 6 months

Responders 29 (93.5%)

No episodes 26 (83.9%)
Episodes recurrence 3 (9.7%)
Enduring 2 (6.4%)
No episodes 3 (21.4%)
Episodes recurrence 1 (7.1%)
Enduring 9 (64.3%)
No episodes 1 (7.1%)

Non responders 2 (6.5%)
Improvement 4 (28.6%)
No improvement 10 (71.4%)

episodes per month was 6.6±3.4. No seizures were reported in the patient histories and all EEGs were normal.
No signiﬁcant diﬀerences between the two groups
were found for age (t =)0.69; P =0.49) and sex (Yates
corrected Chi-square =0.48; P =0.49). All children of
group A completed the basic treatment prescribed. No
variation of the schedule was required due to sideeﬀects. Also no alterations in the number of eosinophilic
cells were observed. Table 2 shows, schematically, the
course of sleep terrors in both groups of patients.
In group A, treatment with L -5-HTP gave a positive
response in 29/31 (93.55%) of cases evaluated at the
follow-up visit after 1 month. The complete disappearance of sleep terrors was achieved in 16/31 (51.6%) cases
whereas 13 children showed a reduction >50% in frequency of episodes. In only two patients (6.45%) had
L -5-HTP no eﬀect. Table 3 shows that the mean number of episodes per month decreased from 6.6 to 0.5.
In group B, after 1 month, ten children (71.43%)
showed the persistence of episodes with the same frequency as before; in two children (14.29%) the episodes
disappeared and in the remaining two there was a
reduction >50% in frequency of events. The mean
number of episodes per month decreased from 6.6 to 3.2
(Table 3).
After 6 months, at follow-up visit, 24/31 (77.42%) of
children treated with L -5-HTP were sleep terror-free,
and another two (6.45%) had a reduction in frequency
of attacks >50%; sleep terrors were still present in ﬁve
children (16.12%). The improvement was long-lasting in
all the 16 subjects who had shown a positive response

after 1 month and no new sleep terror episodes were
reported by their parents.
Of the 13 children who showed a decrease of episode
frequency >50% at 1 month, 8 (61.54%) were sleep
terror-free after 6 months (for the last 3 months, at
least), in another two (15.38%) the frequency of sleep
terrors was still below 50% of baseline and, in the
remaining three (23.08%), the episodes relapsed after the
interruption of the treatment. In the two children who
did not respond to L -5-HTP at 1 month, parents
reported the persistence of sleep terrors with the same
rate of recurrence preceding the treatment. No longterm side-eﬀects were reported by parents. Table 3
shows that the mean number of episodes per month
remained low at 0.4.
Of the ten children in group B who had sleep terrors
at 1-month follow-up, nine (90%) continued to show
sleep terrors at 6-months follow-up, the remaining patient showed a reduction >50% of the attacks. One out
of the two children who had shown disappearance of
sleep terrors at 1-month follow-up, presented a reoccurrence of episodes at 6 months. The remaining two
children who had shown episode frequency decrease at 1
month continued to be aﬀected by sleep terrors with the
same rate of recurrence. Also in this group, the mean
number of episodes per month remained stable at 3.4
(Table 3).
Table 4 shows the statistical analysis (Yates corrected
Chi-square test) of the diﬀerence in response to the two
treatments in both groups of patients at 1-month and at
6-months follow-up revealing a signiﬁcant improvement
only in the group treated with L -5-HTP.
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Table 3 Statistical analysis of response to treatment or follow-up in terms of episodes of sleep terrors per month after 1 month and 6
months. All values expressed as mean ± SD

Group A
Group B

Baseline

After 1 month

After 6 months

Friedman ANOVA

6.6±3.31
6.6±3.97

0.5±1.09
3.2±3.00

0.4±0.92
3.4±2.84

P <0.00001
P <0.001

Table 4 Statistical analysis of response to treatment in both groups of patients at 1 month and at 6 months follow-up. Responders are
patients with a reduction in sleep terror episodes >50% from baseline

1 month follow-up
Group A
Group B
6 month follow-up
Group A
Group B

Responders

Non responders

Chi-Square

P

29 (93.5%)
4 (28.6%)

2 (6.5%)
10 (71.4%)

17.63

<0.00001

26 (83,9%)
4 (28.6%)

5 (16.1%)
10 (71.4%)

10.90

<0.001

Discussion
To our knowledge, this is the ﬁrst study attempting to
test the eﬃcacy of a new drug treatment for sleep terrors,
in an open label fashion. The results suggest that the
treatment with L -5-HTP is highly eﬀective in reducing
the number of episodes after 1 or 6 months follow-up,
with 84% of responders versus 28.6% in the non-treated
group. Also the mean number of episodes decreased to a
great extent with only 0.4 episodes per month in the
L -5-HTP group. In the non-treated group there was a
decrease of the frequency of the episodes according to
the natural history of sleep terrors [9] but the mean
number of episodes was still 3.4 per month at 6 months
follow-up. The period of observation of this study was
short (6 months) and one would not expect a decrease in
attacks in such a short time without treatment. However, our control group was formed mainly by subjects
with ages closer to the upper limit of their age range (4 to
10 years) when the probability that the condition begins
to fade away increases.
The results suggest that the treatment with L -5-HTP
might be able to modulate the arousal level in children
and to induce a long-term improvement of sleep terrors.
This is conﬁrmed by other studies on insomnia which
reported that the administration of L -5-HTP resulted in
a long-lasting improvement of sleep [29], at least for
several months.
It has been demonstrated that the number and the
duration of high voltage monomorphic delta (HVMD)
activity or of hypersynchronous high voltage delta
waves arousal (HSDWA) during sleep is increased in
adults and children with sleep terrors [4, 10,11] and that
an increase in sleep instability and in arousal oscillation
during stage 3–4 non-rapid eye movement (NREM)
sleep is a typical microstructure feature of delta sleeprelated parasomnias and probably plays a role in triggering abnormal motor episodes during sleep in these

patients [35]. The reduction of intermittent awakenings
produced by L -5-HTP [34] could act, in sleep terrors,
through a stabilisation of the sleep microstructure,
modulating the frequency band and the spectra of delta
waves and preventing the occurrence of the HVMD
bursts that precede the clinical episodes [35]. There is
also experimental evidence that L -5-HTP is able to
reduce NREM sleep intensity irrespective of its changes
in duration [29, 34].
It should be emphasised that children with chronic
parasomnias may often also present sleep-disordered
breathing (SDB) or, to a lesser extent, periodic limb
movements (PLMs) during sleep; furthermore, the disappearance of the parasomnias after the treatment of the
SDB or PLMs suggests that the latter may trigger the
former, at least in some cases [14]. However, this
mechanism does not seem to explain the majority of
cases showing a natural disappearance of episodes after
puberty [9]. No polysomnographic studies were
performed in our group of patients; thus, we can not
exclude the presence of SBD and/or PLMs.
It has been reported that L -tryptophan (not L -5HTP) determined an epidemic of a new disease, termed
EMS which occurred in the United States in 1989. This
syndrome was linked to the consumption of L -tryptophan manufactured by a single company utilising a
fermentation process. All the ﬁndings indicate that the
illness was probably triggered by an impurity formed
when the manufacturing conditions were modiﬁed and
linked to ingestion of tryptophan contaminated with
1,1¢-ethylidene-bis[ L -tryptophan] [22]. Since then, several reports have examined the methodology of the
epidemiological studies of the association between
L -trytophan and EMS and contest the validity of the
conclusions from these studies [7,31], although the
debate about the cause-eﬀect relationship is still open. In
comparison with synthetic antidepressants and hypnotics, L -tryptophan and L -5-HTP are characterised by a
particularly low level of side-eﬀects [27].
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To our knowledge, EMS has rarely been associated
with L -5-HTP in the literature [18, 21,33] and, again,
this was due to impurities in the preparation of the drug;
on the other hand, there are several recent reports on the
use of L -5-HTP in children without the occurrence of
side-eﬀects [8, 17, 26, 28].
The substances contaminating previous pharmaceutical preparations of L -5-HTP are no longer present in
measurable amounts in the preparations now available
on the market because of improved puriﬁcation and
analysis methods. We used Trypt-OH (Sigma-Tau,
Italy), which, to our knowledge, has been associated
with EMS only in one adult patient who was aﬀected by
chronic alcohol abuse and severe liver dysfunction [12].
Accordingly, in our study there was no evidence of
symptoms related to the EMS.
At therapeutic doses, this substance does not aﬀect
the normal distribution of sleep stages in both acute and
chronic treatment [29,34]. The absence of side-eﬀects
and lack of development of tolerance in long-term use
are important factors in the decision to embark upon a
trial of L -5-HTP treatment. Although the relatively
small number of cases and the absence of a control
group treated with placebo cannot allow us to suggest
that the use of L -5-HTP in sleep terrors might be a real
possibility, the results of this study are promising and
represent the basis for the arrangement of a new investigation in which a double-blind and placebo-controlled
protocol should clarify the real eﬀectiveness and mechanisms of this new treatment for sleep terrors.
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