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Abstract 
Exposure therapy is a widely used treatment

for patients with post-traumatic stress dis -
order. It involves reduction of fear through pro-
gressive exposure to frightening stimuli in a
therapeutic environment. Here we propose a
new method designed to improve the effective-
ness of exposure therapy. We hypothesized
that device-guided breathing during exposure
therapy can increase the capability of the
patient to undergo effective exposure. The suc-
cessful application of the method is described
for a single patient. Using a device to slow and
regularize breathing, the patient was calmed
and experienced a greater sense of control and
a profound effect of the exposure. The use of
the breathing-guiding device is believed to
reduce arousal level and excitability of sympa-
thetic “fight-flight” behaviors. The present
study suggests that device-guided breathing
integrated with exposure therapy may provide
a practically feasible and potentially promising
non-pharmacological treatment after trauma. 

Introduction
Traumatic experiences like violent robbery,

traffic accidents, sexual assault, or war trauma
can have a dramatic effect on mental and phys-
ical health. The majority of people encounter
some trauma over a lifetime and a substantial
portion of them develops post-traumatic stress
disorder (PTSD). The estimated lifetime
prevalence of PTSD among adult Americans is
about 8%.1 Trauma survivors suffer various
complaints including nightmares, flashbacks,
hypervigilance, poor concentration, and sleep
disturbance.2 In exposure-based therapy, the
traumatic event is relived in a controlled, 
therapeutic environment, by means of vivid
imagination or by confrontation with objects
related to the trauma. Video footage and virtu-
al-reality environments may also be used.
Effective exposure can decrease inadequate
feelings of being “unsafe” and increase control

over bodily reactions related to fear.3-5

Problematically, many patients experience
anxiety and loss of control during therapeutic
exposure sessions. This may contribute to
delays in care and non-adherence to treatment
and may even be harmful.4-7 Breathing exercis-
es are used often in an attempt to calm
patients that undergo exposure therapy, but
these exercises require strong attention to
one’s own breathing pattern and are not car-
ried out easily. Patients that fail to perform
breathing exercises correctly can experience
oxygen deprivation, dyspnea, and hyperventila-
tion.8 These bodily reactions to incorrect
breathing have a dramatic effect on the out-
come of exposure therapy, as they increase
fear instead of providing a sense of being safe. 

Here we propose a new method to enable
safe and effortless breathing training and
improve the effectiveness of exposure therapy:
the use of a device that guides the patient to
slow and regular breathing. In contrast to trad -
itional unaided breathing training, device-
guided breathing gives therapists the opportu-
nity to monitor the patient’s breathing pattern
based on quantifiable measures. Moreover, the
patient is guided to a therapeutic breathing
pattern by means of personalized instructions.
The musical instructions produced by the
breathing-guiding device are based on the
online analysis of the current breathing pattern
(Figure 1). In this way the breathing pattern is
modified at the patient’s own pace, and ongo-
ing changes in the breathing pattern are taken
into account. Previous studies using device-
guided breathing for other indications9,10 have
validated it as safe to use and effective in
achieving slow and regular breathing.

Exposure therapy can be seen as a form of
learning. Rather than being “erased”, the
association of the exposed object with fear is
“overwritten” with a new “I am safe” associ -
ation. The new association serves as an alter-
native to the original association with fear.11

However, this learning process takes time and
requires that the patient remains calm and
that the exposure is intense and repetitive. We
hypothesized that device-guided breathing
during exposure therapy can increase the
capability of the patient to undergo effective
exposure in a short time (Figure 2). A possible
mechanism underlying this hypothesis may be
reduced arousal level and reduced excitability
of sympathetic “fight-flight” behaviors with
slow and regular breathing.12 Preliminary
observations of several (>10) patients with
PTSD suggested that this new approach has
significant clinical potential as a treatment for
trauma survivors without the use of medica-
tion. The present study documents its applica-
tion on a single patient and proposes a model
for its mechanism of functioning.

Materials and Methods

Patient
This case report describes the treatment of

a 17-year-old Dutch male victim of random
street violence, diagnosed with PTSD by a
trained clinical psychologist using DSM-IV cri-
teria.13 The patient reported nightmares, flash-
backs, loss of concentration, and generalized
fear of the outside world. His parents reported
that he was hypervigilant, socially withdrawn,
and not performing well at school. The patient
had no comorbidities and no neurological or
psychiatric history (no diagnosis on DSM-IV
axis II, axis III, and axis IV, initial GAF 51-60).
He was not using any medication. 

Breathing-guiding device
The portable device (RESPeRATE®, Inter -

Cure Ltd, Lod, Israel) used in this study ana-
lyzes breathing patterns by means of a belt-
type breathing sensor and creates, in real time,
a two-tone inhale-exhale melody (Figure 1).
The patient synchronizes breathing with these
tones. It is a commercially available device
indicated for treating stress and hypertension.
It has already been found to be an effective
treatment for hypertension9,12 and congestive
heart failure.10
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Treatment
In addition to the documented case, the treat-

ment protocol described below was applied to
several undocumented cases of PTSD (>10
patients) and phobic disorder (<5 patients).

Intake sessions: exchange of information
In one or two interviews of the patient by a

therapist, details on the trauma/phobia and the
symptoms of the patient were identified.
Treatment procedures and rationale were
explained and the patient (and/or caregivers)
gave informed consent for participation in this
study.

Treatment sessions
During 45- or 90-minute weekly individual

treatment sessions, the patient was connected
to the breathing-guiding device and instructed
to effortlessly synchronize breathing with a two-
tone inhale-exhale melody produced by the
device (Figure 1). In case the patient was
uncomfortable with the indicated breathing pat-
tern, the instruction was to breathe at the slow-
est comfortable pace. Holding the breath or put-
ting effort into the breathing exercise was dis-
couraged explicitly. Each session started with
the device-guided breathing exercise. Exposure
therapy was not started until the patient was
comfortable with using the device and breath-
ing frequency was below 8 breaths/minute. The
exposure therapy either consisted of watching
video-material related to the trauma/phobia or
consisted of listening to and vividly imagining
the events in a verbal story related to the trau-
ma/phobia (told by a therapist). The patient was
given full control over starting and stopping the
exposure. Instructions were to (re)start the
exposure only when breathing frequency was
low (<8 breaths/minute) and to stop the expos -
ure as soon as breathing frequency increased
(to >8.5 breaths/minute) or if feeling anxious
or tense. When exposure was stopped the
patient was instructed to use the device-guided
breathing exercise to return to a breathing rate
of less than 8 breaths/minute. A therapist
observed the patient and his/her breathing fre-
quency (shown on the display of the device) as
unobtrusively as possible during the entire ses-
sion. There was no homework-assignment
between treatment sessions and the breathing-
guiding device was not used for practice at
home. Treatment was stopped if, by the end of a
session, the patient was able to undergo expos -
ure continuously for 10 minutes while remain-
ing at a low breathing frequency (<8 breaths/
minute). 

Follow-up sessions
The follow-up check-ups consisted of a tele-

phone interview of the patient by a therapist.
The symptoms of the patient as well as indica-
tions to provide additional treatment were
carefully assessed. 

Results
The patient was treated according to the

treatment protocol described in the methods
section. After two treatment sessions combin-
ing exposure therapy and device-guided
breathing, he became symptom-free up to the
last follow-up at two years after treatment. The
patient found no difficulty in using the breath-
ing-guiding device.

First treatment session
This 90-minute session was held approxi-

mately one month after the traumatic event.
The patient was connected to the breathing-
guiding device (Figure 1) for approximately 75

minutes. In his hand the patient held the
remote control of a DVD-player that contained
video-material related to the trauma. After
seven minutes of breathing exercise, the
breathing frequency was 7 breaths/minute.
The patient then started the video-clip and
stopped it after approximately 15 seconds. He
took several minutes to return to slow and
regu lar breathing (with the use of the breath-
ing-guiding device) before he restarted the
video-clip. Subsequently, he intermittently
watched the video-clip for increasing periods
of time. Each time he started the video-clip his
breathing frequency was around 8 breaths/
minute, and after he stopped it his breathing
frequency was typically between 9 and 12
breaths/minute. By the end of the session he

Article

Figure 1. Operation of the breathing-guiding device. (A) The device consists of a compu -
terized processing unit, a belt-type breathing sensor, and headphones for audio guidance.
(B) The device provides personalized breathing instructions by means of a two-tone
inhale-exhale melody that is based on the online analysis of breathing patterns. The
patient synchronizes his/her breathing pattern with the musical tones (figures are
obtained with permission from private communication with Benjamin Gavish).

Figure 2. Proposed effect of device-guided breathing on the outcome of exposure therapy.
The therapeutic object is an object, scene, or scenario related to the specific trauma or
phobia of the patient. This object will trigger anxiety through a learned/remembered
association with fear and threat. The purpose of exposure therapy is to “overwrite” this
association with a new “I am safe” association. Effective learning of this new association
can take place only if the patient is calm, i.e. has a low arousal level. A rapid increase in
arousal level (sympathetic activity) during exposure therapy is prevented with device-
guided breathing by bringing the patient to a stable homeostatic resting state.
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was able to watch the video-clip for a few con-
secutive minutes. The total duration of the
exposure during the entire session was
approximately 11 minutes. In accordance with
the treatment protocol (see methods section),
a second treatment session was scheduled
because the patient had not yet undergone 10
consecutive minutes of continuous exposure
with slow breathing (<8 breaths/minute).

Second treatment session
The patient reported that no nightmares had

occurred since the previous session and that
other symptoms had been greatly reduced. The
procedure from the previous session was
repeated. After 45 minutes it was decided to
stop the treatment because the patient was
able to watch the video clip for 10 consecutive
minutes with only a slight increase in breath-
ing frequency (from 8 to 9 breaths/minute).
Although the images were violent, the patient
reported to have a “sense of control” over his
emotions/mood. 

Follow-up sessions
During the follow-up sessions at one week,

two months, and two years after treatment, the
patient reported that he was symptom-free
(GAF-score at two month’s follow-up: 81-90). 

Discussion
Exposure therapy is a very intensive type of

treatment in which a patient is confronted
with frightening stimuli or relives a traumatic
event. The case study described here suggests
that device-guided breathing increases the
effectiveness of exposure therapy, thereby pro-
viding reduction of symptoms without the use
of medication. 

Normally, device-guided breathing is indi-
cated for blood pressure reduction through
extensive training at home. Here we describe
a short-term therapeutic application: tem-
porarily bringing the patient to a homeostatic
resting state that is associated with rest and
positive mood14,15 to increase the therapeutic
effect of exposure-based treatment (Figure 2).
This resting state is characterized by strong
respiratory sinus arrhythmia; that is, an opti-
mal tuning between breathing frequency,
heart rate, and blood pressure that maximizes
the body’s energetic efficiency.15 Patients in
this state show an increase in parasympathet-
ic activity (particularly vagal tone) and a clear
decrease in the excitability of sympathetic
“fight-flight” reactions.14,16,17 Slow breathing
may also inhibit sympathetic activity directly
through the activation of pulmonary stretch
receptors.12,18 Some forms of biofeedback might
have comparable benefits provided that they

influence the same homeostatic resting state
(e.g. biofeedback to increase heart rate vari-
ability).

Device-guided breathing has several import -
ant advantages over breathing guidance by a
therapist. With the breathing information that
the device provides, it is much easier for the
therapist to assess objectively whether the
patient is performing the exercise correctly.
Additionally, it is possible to describe the
breathing exercise in a treatment protocol
objectively and quantifiably. Device-guided
breathing also requires less attention of the
patient as well as the therapist, which is cru-
cial when the breathing exercise is to be com-
bined with exposure therapy. Furthermore, the
personalized instructions calculated by the
device reduce the chances of common negative
effects of unaided breathing training, such as
oxygen deprivation, dyspnea, and hyperventila-
tion.8 The potential availability of device-guid-
ed breathing in the clinical practice is large,
because the device is easy to use and afford-
able. We suggest this new approach is suited
primarily for patients that show signs of auto-
nomic arousal when talking or thinking about
the trauma (such as tachycardia, rapid breath-
ing, and flushing). An additional indication is
a clearly definable trauma/phobia. Given the
obvious limitations of uncontrolled case
reports, future clinical and experimental
research is needed to provide the necessary
knowledge to develop this approach further as
a standard of care. For example, it might be
useful to monitor not only the breathing pat-
tern but also the breathing volume. Addition -
ally, the suitability of this treatment for phobic
patients could be investigated.

The present work provides preliminary sup-
port for the use of device-guided breathing
integrated with exposure therapy in the treat-
ment of PTSD. As it is the first report of its
kind, it may serve as a stepping-stone for fur-
ther validation of this new approach. Given the
frequent use of exposure therapy, this new
approach may be of great clinical potential as a
non-pharmacological treatment that is easy to
implement in clinical practice.
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