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SUMMARY
Sensory behaviours were not considered as core features
of autism spectrum disorders until recently. However,
they constitute an important part of the observed
symptoms that result in social maladjustment and are
currently quite difficult to treat. One promising strategy
for the treatment of these behaviours is the use of
bumetanide, which was previously shown to reduce the
severity of autism spectrum disorders. In this study, we
proposed to evaluate sensory behaviours using Dunn’s
Sensory Profile after 18 months of bumetanide treatment
in a 10-year-old girl with Asperger syndrome. Reported
improvements covered a large range of sensory
behaviours, including auditory, vestibular, tactile,
multisensory and oral sensory processing. Although our
results were limited to a single case report, we believe
that our clinical observations warrant clinical trials to test
the long-term efficacy of bumetanide to manage the
sensory behaviours of people with autism spectrum
disorders.

BACKGROUND
Impairments in social development associated with
communication deficits, restricted interests and
repetitive behaviours constitute the triad of autistic
spectrum disorders (ASDs).1 2 ASDs are associated
with a failure to organise affective relationships3

and a differential response to sensory experiences
when compared with their peers without disabil-
ities.4 Individuals with ASD sometimes appear to
avoid or seek ordinary tactile, visual, auditory and
oral stimuli,5 6 and the scientific and clinical litera-
ture,7–10 together with the personal statements of
individuals with ASD11 yield a large range of exam-
ples. These sensory behaviours are classified into
three categories, under-responsivity, over-
responsivity and sensation seeking, and the same
behaviours are often displayed successively by indi-
viduals with ASD.5

There are currently different types of support and
treatment that alleviate the presentation of ASD to
different extents.12 With respect to the potential
treatments for sensory dysregulation in ASD, there
has been more interest in sensory-based therapies,
including occupational therapy. With respect to
pharmacotherapy, aripiprazole and risperidone are
currently approved by the US Food and Drug
Administration. Risperidone offers an emerging
treatment for the irritability associated with ASD in
children and adolescents.13 Aripiprazole, which is
generally used for the treatment of schizophrenia in
adults and is not indicated to manage the core signs
of ASD, has some side effects.14 15 Recently, a novel

therapeutic strategy has been proposed based on the
use of bumetanide, a diuretic and chloride cotran-
sporter antagonist.16 17 This molecule reduces intra-
cellular chloride, eliminating the aberrant excitatory
actions of γ-aminobutyric acid (GABA). In ASD,
GABA-ergic signalling is noted to be aberrant, with
an imbalance between excitation and inhibition.18 19

In this context, the intracellular concentration of
chloride [Cl−]i is an important parameter. In adult
neurones, the levels of [Cl−]i are kept low and the
inhibitory transmitter GABA inhibits neurones. In
contrast, for immature neurones, [Cl−]i levels are
higher and GABA excites immature neurones, an
action that highlights the wide range of actions in
which GABA is engaged during brain maturation.20

A persistent increase in [Cl−]i has been observed fol-
lowing a wide range of insults and in a variety of dis-
orders, including ASD.21–24 Moreover, GABAergic
neurones are instrumental in sensory binding and
higher cognitive functions.25–27

In a pilot study, bumetanide was used as a treat-
ment for five children with ASD.16 Data from this
study showed improvements in the behavioural
aspects of ASD. A double-blind randomised con-
trolled trial of bumetanide was then performed, in
which half of the children with ASD received
bumetanide and the other half received placebo.17

In this study, ASD symptoms were significantly
ameliorated in 27 children [3–11 years) who were
treated daily with bumetanide (1 mg) over the
course of 3 months with no or few adverse events
(eg, hypokalaemia). Improvements were noted on
the Childhood Autism Rating Scale (CARS28), the
Clinical Global Impression Scale (CGI29) and the
Autism Diagnostic Observation Schedule (ADOS30)
values for the most severe cases. Some patients
were then maintained in open treatment. One of
them presented with an interesting development of
sensory behaviours, which are not yet part of the
diagnostic criteria. Thus, we present here the clin-
ical case of a young girl who had been treated with
bumetanide for 18 months.

CASE PRESENTATION
We present a case of a female patient born in
February 2002. She was the non-consanguineous
couple’s eldest child. She had a younger brother
who was without health problems and was born in
2004. Her mother had a normal pregnancy and
gave birth to this girl without any problems. At
birth, she weighed 3250 g, was 50 cm long and had
a head circumference of 35 cm. She was breastfed
for 2 months. The neonatal period was not typical,
as she had recurrent otitis and lactose intolerance.
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The patient had spoken her first words at 9–10 months of age
and the first sentence at 16–18 months of age. Although the
patient’s language development appeared normal after this
period, the parents reported a high frequency of stereotyped
sentences. Autonomous walking occurred at 18 months of age
and the child achieved daytime and night-time control at
30 months of age.

When the girl was 2 years, her parents first became worried
about her social difficulties, for example, initiating contact with
other children at the childcare centre. At the age of three,
patient’s difficulties worsened and she was then consulted with
the school psychologist. At the age of 4 years and 4 months, she
attended the French day care centre, CMP, where she received
two psychotherapy sessions per week. At this time, she was diag-
nosed with ASD.

A complete diagnosis was made at the Centre de Ressources
de Bretagne (CRA) in April 2010 when she was 8 years. Based
on these direct clinical observations, a diagnosis of Asperger
syndrome was made based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)1 and
the International Classification of Diseases, 10th Revision
(ICD-10)31 criteria and was confirmed using the ADI-R (Autism
Diagnostic Interview-Revised32) and the ADOS30) ratings. The
ADI-R assesses the following domains: reciprocal social inter-
action, verbal communication, stereotypies and prior to 3 years
of age anomalies. The patient received a score of 15 for recipro-
cal social interaction (B, 15 items, threshold of 10), 13 for
verbal communication (Cv, 13 items, threshold of 8), 2 for
stereotypies (D, 8 items, threshold of 3) and 2 for prior to
3 years of age anomalies (5 items, threshold of 1). The patient’s
ADOS scores for the domains of communication and social
interaction were 6 (threshold of 3) and 8 (threshold of 6),
respectively; the total score was 14 (threshold of 10).

TREATMENT
Beginning in January 2011, the patient began receiving 2 mg of
bumetanide divided by three daily doses. The patient had
received the treatment for 18 months at the time of our evalu-
ation in June 2012. Biological tests were carried out at baseline,
7 days after the first bumetanide dose and each month after the
treatment was initiated, and these included assessment for
orthostatic hypotension, allergy, cramps, asthenia, diarrhoea,
myalgia, arthralgia, vertigo and nausea. Blood tests included
γ-glutamyl transferase, transaminases, alkaline phosphatases, gly-
caemia, uric acid and creatinine, in addition to blood Na+ and
K+. After 18 months of treatment, a child psychiatrist rated the
CGI improvement, a scale that was used to evaluate changes
over time and the efficacy of the medication.

The completed diagnosis in 2010 also revealed numerous
peculiarities in sensory behaviours that seemed to change after
treatment. Thus, they were precisely examined by our paediatri-
cian in 2012 at two different time points, prior to bumetanide
treatment and after 18 months of treatment. Measurement was
conducted using the Sensory Profile, a 125-item parent report
questionnaire that describes responses to sensory events in daily
life, evaluates sensory abnormalities and compares such abnor-
malities to the available normative data.33 The Sensory Profile
measures the degree to which children exhibit problems in the
three following categories: sensory processing, modulation and
behavioural and emotional responses. Each category contains
subcategories that allowed for more detailed analyses (n=14;
table 1). For this scale, the parent uses a five-point Likert scale

to report how frequently the child uses a certain response to
particular sensory events (ie, always, frequently, occasionally,
seldom or never). Lower scores reflect poorer performance.
Thus, for each subcategory, we had a total score and a perform-
ance category (category 1 is typical performance, category 2 is
probable difference and category 3 is real difference). Here, we
compared the change in performance category before and after
treatment.

Of note, the patient did not receive concurrent therapy
during this time period.

OUTCOME AND FOLLOW-UP
Before treatment
Table 1 presents the scores and performance categories for the
Sensory Profile before and after 18 months of treatment with
bumetanide.

The parental report revealed that the patient had typical per-
formance in the following five subdivision areas: visual process-
ing, modulation of movement affecting activity level and the
three subcategories of behavioural and emotional responses:
emotional and social responses, behavioural outcomes of
sensory processing and items indicating thresholds for response.
However, her sensory behaviours were different from the
typical performance (ie, 4 with probable difference and 5 with
real difference).

One of the patient’s major difficulties was her sensory hyper-
sensitivity. She was very sensitive to loud noises (eg, fireworks,
hand clapping and jackhammers). Consequently, she had phys-
ical reactions with motor inhibition, dilated pupils and a need
to urinate. In the presence of less intense noises (eg, vacuum
cleaner, strong voice, etc), she would put her fingers in her ears
and isolate herself. Her touch processing also showed differ-
ences from typical performance. For example, she could not
wear thick or rough clothing. Tactile contact was so difficult
that she wiped her skin whenever it came into contact with
other people. Moreover, her sense of smell was very sensitive,
as she could detect subtle odours without being bothered by
them. These particular sensory behaviours led to disordered
eating behaviour. She was very selective and did not try
unknown types of food. She was very attentive to the type of
food and did not mix two different types of food. She fre-
quently had nausea during mealtimes and sometimes even
vomited. Finally, she was unable to display pain and tolerated it
without any problem, even with important nociceptive stimuli
(eg, burn).

After 18 months of treatment
After 18 months of treatment, CGI improvement on global
functioning received a score of two, which corresponded to a
much improved clinical situation (not limited to sensory symp-
toms). Moreover, improvements in sensory behaviours, mea-
sured using the Sensory Profile, were reported. Of the 14
subcategories, changes were observed for 10 of them. Nine sub-
categories were noted to improve, which are as follows: audi-
tory, vestibular, touch, multisensory and oral sensory processing
as well as sensory processing related to endurance/tone, modula-
tion related to body position and movement, modulation of
sensory input and visual input affecting emotional responses
and activity level. For example, the girl’s parents reported that
the patient no longer had a physical reaction to loud noises and
could remain in a noisy room. Tactile contact with others was
also no longer a problem. For example, she would allow an
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unknown person to make up her face for a dance show. In add-
ition, she was able to diversify the types of food she ate during
her meals and no longer had nausea or vomiting with meals.
Her nociceptive threshold continued to be higher than the
norm; however, she could now name her pain (eg, when she
was ill). Finally, we noticed decreases in performance for the
subcategory of visual processing. This could be partially
explained by parental report: the patient was currently in a
research of visual aesthetics in which she expressed what she
liked and disliked.

DISCUSSION
In this report, we described improvements in the sensory beha-
viours of a young girl with Asperger syndrome after 18 months
of treatment with bumetanide. Improvements were not limited
to one sensory modality and covered a large range of sensory
behaviours (ie, auditory, vestibular, tactile, multisensory and oral
sensory processing). This resulted in an improved quality of life
for this young girl and her family. The improvements noted in
this case expand data showing improvements after 3 months of
treatment with bumetanide.16 17 Thus, if previous literature
showed that bumetanide could have a short-term impact on
social interactions displayed by children with ASD, the present
case study supports a possible long-term effect of this medica-
tion on sensory behaviours.

Treatment with another drug, aripiprazole, has been shown to
be useful for treating sensory difficulties.34 In their retrospective
review, Fung et al34 showed improvement in auditory processing
and the modulation of visual input, which subsequently affected
the emotional responses and activity level of 13 individuals with
ASD after 24 weeks. However, aripiprazole is not recommended
for use prior to the age of six. This is not the case for bumeta-
nide, which may be prescribed from birth. Risperidone also had
an impact on repetitive behaviours and especially on different
sensory behaviours.35 However, this medication has notable side
effects, including, for example, weight gain, fatigue, drowsiness
and drooling.36

Reducing impairment related to sensory behaviours constitu-
tes a significant challenge for several reasons. Sensory beha-
viours have previously been observed in other people with
Asperger syndrome and are generally reported in 30–100% of
people with ASD.5 37–41 Even if difficulties in sensory beha-
viours are not yet considered as core features of ASD (ie, deficits
in social interaction, communication and stereotyped and
restrictive behaviours), they reflect abnormal sensory integration
and modulation in the central nervous system, resulting in mal-
adaptive emotional and physical responses to environmental
stimuli.42 They are an important predictor of social maladjust-
ment and are a source of aggression and behaviour problems,
especially for people of low intellectual level.41 The new
DSM-V criteria incorporate sensory abnormalities into the
restricted and repetitive behaviours cluster and are defined as
hyper-reactivity or hyporeactivity to sensory input or unusual
interest in sensory aspects of the environment.43

A critical point of our report was the retrospective explor-
ation of sensory behaviour change after 18 months of treatment.
The parental report may have been distorted by the personal
expectations of the parents. However, the large range of
improvements and the numerous examples reported support the
fact that bumetanide may have a long-term impact on sensory
behaviours in ASD. One could argue that the improvements
reported correspond to ordinary development, as sensory diffi-
culties decrease with age.44 However, they remain present
despite maturation in ASD.45 Finally, one could argue that a
similar design could be applied to the 26 other children who
were included in the randomised controlled trial; however, the
situation is not so simple. For example, some patients were lost
to follow-up, some had treatments that may have influenced
sensory behaviours, etc. The remaining patients had different
durations of treatment, which was dependent on the date that
they enrolled in the initial study. Thus, we were not able to
compare patients. Although our results were limited to a single
case report, we believe that the finding of our report warrants
clinical trials to test the long-term efficacy of bumetanide for
sensory behaviours among people with ASD.

Table 1 Scores and performance categories of the Sensory Profile33 before and after 18 months of treatment with bumetanide

Before After

ChangeScore Performance category Score Performance category

Sensory processing
Auditory processing 17/40 3 33/40 1 ++
Visual processing 36/45 1 30/45 2 −
Vestibular processing 37/55 2 45/55 1 +
Tactile processing 52/90 3 76/90 1 ++
Multisensory processing 20/35 3 30/35 1 ++
Oral sensory processing 42/60 2 57/60 1 +

Sensory modulation
Sensory processing related to endurance/tone 18/45 3 32/45 2 +
Modulation related to body position and movement 32/50 3 39/50 2 +
Modulation of movement affecting activity level 19/35 1 19/35 1 =
Modulation of sensory input affecting emotional responses and activity level 11/20 2 16/20 1 +
Modulation of visual input affecting emotional responses and activity level 12/20 2 16/20 1 +

Behavioural and emotional responses
Emotional/social responses 61/85 1 72/85 1 =
Behavioural outcomes of sensory processing 22/30 1 29/30 1 =
Items indicating thresholds for response 15/15 1 15/15 1 =

Lower scores reflected poorer performance. Three performance categories were established, which are as follows: category 1 as typical performance, category 2 as probable difference
and category 3 as real difference. The change was defined in the following way: improvement (+), stability (=) or decrease (−) of the performance studied.
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Learning points

▸ Sensory behaviours constitute an important part of the
observed symptoms of autism spectrum disorders that are
currently quite difficult to treat.

▸ Bumetanide was previously shown to reduce the severity of
autism spectrum disorders.

▸ Improvements after treatment with bumetanide covered a
large range of sensory behaviours after 18 months.

Contributors NJ, EL and MG conceived and designed the experiments. NJ, EL and
CD performed the experiments. MG and NJ were involved in writing the manuscript.

Patient consent Obtained.
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