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ABSTRACT

Keywords: High Ventilation Breathwork (HVB) refers to practices employing specific volitional manipulation of breathing,
Breathwork with a long history of use to relieve various forms of psychological distress. This paper seeks to offer a con-
Pranayama solidative insight into potential clinical application of HVB as a treatment of psychiatric disorders. We thus
Sudarshan Kriya Yoga . o . . . . . .

Holotronic review the characteristic phenomenological and neurophysiological effects of these practices to inform their
Rebirthilzx g mechanism of therapeutic action, safety profiles and future clinical applications. Clinical observations and data
Hyperventilation from neurophysiological studies indicate that HVB is associated with extraordinary changes in subjective
Wim Hof experience, as well as with profound effects on central and autonomic nervous systems functions through
PTSD modulation of neurometabolic parameters and interoceptive sensory systems. This growing evidence base may
Consciousness guide how the phenomenological effects of HVB can be understood, and potentially harnessed in the context of
Hypocapnia such volitional perturbation of psychophysiological state. Reports of putative beneficial effects for trauma-
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related, affective, and somatic disorders invite further research to obtain detailed mechanistic knowledge, and
rigorous clinical testing of these potential therapeutic uses.
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1. Introduction
1.1. High ventilation breathwork defined

Breathwork is defined by the Oxford English Dictionary as “any of
various exercises, techniques, and therapies that involve manipulating the
manner in which one breathes” (OED, 2023). This broad definition of
breathwork encompasses myriad different practices, reflecting its
multifaceted historical origins and inspirations, and is currently
receiving increased interest as an alternative (or adjunct) therapeutic to
pharmaceuticals for the alleviation of psychological distress and phys-
ical discomfort. A body of clinical research has been published over the
past decade, which uses empirical methods of clinical research to

reassess traditional healing practices for their repurposing as therapies
within conventional Western health settings. This ‘paradigm shift’ in-
cludes the medical ‘renaissance’ of psychedelics (George et al., 2022;
Hadar et al., 2022), and the rigorous enquiry into the neurobiological
underpinnings of integrative mind-body practices — notably mindfulness
meditation (Brewer et al., 2011; Tang et al., 2012). The growth in sci-
entific interest into breathwork parallels its explosion in public visibility
in the media and popularity across the general population: while it is
hard to estimate precisely how many people regularly practice breath-
work techniques, there are likely to be tens of millions of breathwork
practitioners worldwide, since just one breathwork pro-
gram—Sudarshan Kriya Yoga—is recorded to have been taught to over
six million people in 152 countries (Zope and Zope, 2013).
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All breathwork practices invariably require a controlled pattern of
volitional breathing. However, large variations between breathing
practice modalities and their underlying principles must be acknowl-
edged. One key distinction is between slow breathing techniques, pre-
viously operationalised as < 10 breaths/min (Zaccaro et al., 2018),
versus fast breathing techniques, where the rate and/or depth of
ventilation is increased - in other words, hyperventilation. Throughout
this review, we will use the terminology and rubric of High Ventilation
Breathwork (HVB) to define breathwork practices that employ increased
ventilation, to align with both scientific and breathwork communities.
In other words, breathwork practices that employ respiratory rates
above the normal range are classed as HVB.

Slow-paced breathwork techniques have attracted significant
research attention, not only since slow breathing typically heightens
heart rate variability (cardiac parasympathetic tone), commonly inter-
preted as an index of reduced stress (Fincham et al., 2023; Zaccaro et al.,
2018). There are, however, far fewer scientific evaluations of fast-paced
breathwork practices, despite promising examples of HVB producing
beneficial health outcomes. It is important to consider that these prac-
tices might possibly lead to serious health consequences for individuals
with specific comorbid conditions, especially when performed alone
without expert monitoring. Here, we review and describe the unique
features of HVB, including its physiological effects and safety profile, to
provide essential information to guide future research on its therapeutic
mechanisms and clinical applications. As a note of caution, HVB is just
one element of many holistic practices and rituals, and there is a risk that
extracting one single component from these ancient practices may result
in oversimplification of their multi-faceted aspects. However, we feel
scientific and clinical characterisation of HVB as a stand-alone compo-
nent is a valuable approach to guide scientific exploration of these
practices. Therefore, the main objectives of this review are: 1) to sum-
marise the prominent types of HVB practices — their historical roots and
characteristics, 2) to describe the acute subjective effects and findings
from preliminary clinical applications, and 3) to identify the main
neurophysiological mechanisms underlying such effects of HVB, with
emphasis on their neurometabolic and autonomic effects. Our ultimate
goal is to explore HVB methodically to shape future investigation and
guide clinical and therapeutic applications.

1.2. History of HVB practices

HVB techniques are observed worldwide and have complex histori-
cal roots grounded in both religious and secular traditions (see Table 1
and Fig. 1). HVB techniques are likely to have been used since ancient
times for spiritual and healing purposes, and are described in the rituals
and practices of many cultures including Inuit, Sufi, and Native Amer-
ican cultures (Deepak, 2002; Grof and Grof, 2010; Puente, 2013;
Raghuraj et al., 1998). Though the origins of breathwork likely date
back to over 10,000 years ago (Brown and Gerbarg, 2012) from being
taught by shamans, perhaps the most well-known practices originate in
the context of Yoga, exemplified by Pranayama. This translates as
regulation of the vital energy or breath (where prana means vital energy
or life force, and ayama means regulation or control). Variants include
Kapalabhati pranayama (or ‘Skull Shining Breath’ in Sanskrit) and
Bhastrika pranayama (‘Bellows Breath’). HVB associated with Buddhism
is also widely known, notably g-Tummo yoga/meditation, wherein vis-
ualisation of inner heat accompanies the breathwork (in Tibetan, the
concept of Tummo refers to ‘inner fire’ or ‘psychic heat’) (Kozhevnikov
et al., 2013). These traditional forms have inspired newer forms of HVB
which include: Holotropic Breathwork developed by Stanislav and Cris-
tina Grof, now using the brand name Grof® Breathwork (and hereon
referred to as GBW) (Grof and Grof, 2010), Holorenic Breathwork
developed by Josep Maria Fericgla (Cervantes and Puente, 2014;
Puente, 2013), Rebirthing Breathwork developed by Leonard Orr and also
popularised by Sondra Ray (Albery, 1984; Orr, 1992), Conscious Con-
nected Breathing (CCB), Sudarshan Kriya® breathing from Sudarshan
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kriya yoga developed by Sri Sri Ravi Shankar (Zope and Zope, 2013)
(hereon referred to as SKY), and the breathing technique of the Wim Hof
Method® (WHM) developed by Wim Hof (Kox et al., 2012) (hereon
referred to as the WHbM). It has been suggested that the first prominent
attempted use of hyperventilation as a therapeutic modality in the West
was by psychoanalyst Wilhelm Reich (Victoria and Caldwell, 2013).

Modern instantiations of breathwork are often, but not always, led by
a trained facilitator and accompanied by evocative and/or ambient
music, which can guide breathing rhythms. Prominent practices,
including the WHbM, GBW, rebirthing and CCB, involve deep inhalation
with active mobilisation of the chest and abdomen, with a relatively
more passive outbreath from relaxation of respiratory muscles and
elastic recoil of the lungs. However, not all HVB practices solely involve
deep inhalation — for example holorenic breathwork combines styles of
both GBW (deep breaths with emphasis on active inhalation), and
kapalabhati (shallower breaths, with emphasis on active exhalation and
passive inhalation) (Puente, 2013). Kapalabhati involves breathing
solely through the nose and comprises contraction of the abdominal
muscles leading to forceful exhales and passive inhales (Ansari, 2016).
The WHbM is in part derived from tummo, yet it is also influenced by
yogic pranayama (Fig. 1). In contrast, in Sudarshan kriya, a practitioner
engages in cyclical rhythmic breathing and alternates between rhythms,
one of which (the slow cycle) can fall within the average typical resting
rate for adults (Banas-Zabczyk et al., 2022).

Nomenclature may also prove confusing: both kapalabhati and
bhastrika (up to 100 + breaths/min) may be referred to as ‘breath of
fire’ and are also used in Kundalini Yoga. Again, the literature is
ambiguous on this. Depending on teacher and/or tradition, there can be
considerable overlap between kapalabhati and bhastrika or even
combining of the two (Novaes et al., 2020), with the former usually
being executed via fast, vigorous contraction of the (anterior) abdominal
wall and latter via engaging intercostal and accessory muscles pertain-
ing to respiration (Frostell et al., 1983; Miles, 1964). In brief, bhastrika
involves both active inhales and exhales, whereas kapalabhati employs
more passive inhales and active exhales (Saraswati, 1994). Both yogic
pranayama techniques have been practiced extremely rapidly at over
200 breaths/min (Frostell et al., 1983), in addition to gently (Dhruva
et al., 2012) and even slowly (Pramanik et al., 2009). In SKY, bhastrika
may be taught at only 30 breaths/min with emphasis on forceful exhales
and rapid inhales, with the rhythmic, cyclical breathing (similar to
kapalabhati) being performed relatively faster during the Sudarshan
kriya (‘proper vision by purifying action’) component (Zope and Zope,
2013). Bhastrika can also involve arm and body movements. In line with
the myriad ways breathwork can be practiced in general, it is also
possible for bhastrika and kapalabhati pranayama to use breath holding
(Kumbhaka) and muscle locks (Bhanda) after rounds (Saraswati, 1994).
This aspect of retention paired with fast breathing, and the fact that
pranayama practitioners may be encouraged to take cold baths (Siva-
nanda, 1962), reinforces the notion that the modern-day WHM has roots
in yogic pranayama along with Buddhist tummo meditation. Sometimes
bhastrika involves verbal exhalation and is much slower than kapa-
labhati. However, others state it is more intense than kapalabhati
(Iyengar, 1981). Regardless, we refer to the yogic breathwork practices
involving bhastrika, kapalabhati and kriya that employ respiratory rates
above the normal range and are thus classed as HVB.

Similarly, CCB has been used as an umbrella term to describe anal-
ogous processes used across several HVB techniques. CCB itself has
developed as a stand-alone practice and is incorporated into GBW,
rebirthing, and holorenic breathwork (de Wit and Cruz, 2021; de Wit
et al., 2018). Additionally, SKY primarily refers to its core cyclical,
rhythmic breathwork component of Sudarshan kriya but SKY includes
other practices such as bhastrika, along with slower paced breathing
techniques and chanting (Brown and Gerbarg, 2005a; Zope and Zope,
2013). Most of the practice time is devoted to the core technique of
Sudarshan kriya, again incorporating cyclical breathing with slow,
medium, and fast cycles.
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Table 1

Individual characteristics of different High Ventilation Breathwork (HVB) practices. Includes the founder or most acknowledged teacher/tradition they pertain to, their
approximate ages, and the nature of the HVB (i.e., pauses, holds and apnoea, full autonomy versus restricted breathing style, approximate rate and depth, external
accessory elements). Note: Due to the ubiquitous nature of breathing and thus breathwork, the list and descriptions are not exhaustive — there are also variations within
HVB practices as well.

Breathwork
technique

Teacher or
tradition & time
period

Brief description

Presence of
interrupted ins/
exp cycles

Approx. pacing &
duration

Accessory elements

Potential acute effects

g-Tummo (Inner
Fire; Psychic
Heat)
Meditation (or
Yoga)

Kapalabhati (Skull
Shining Breath)

Bhastrika
(Bellows
Breath)

Holotropic /
Grof®
Breathwork
(GBW)

Rebirthing
breathwork

Holorenic
breathwork

Tibetan
Buddhism.
~701-800 AD
(but could be
much older)

Hinduism (Yoga &
Pranayama).
Likely several
1000 s of years old

Hinduism (Yoga &
Pranayama).
Likely several
1000 s of years old

Stanislav Grof &
Cristina Grof
(Czech Republic &
US). 1970 s

Leonard Orr (US).
1960-70 s

Josep Maria
Fericgla (Spain).
1980 s

‘Vase’ breathing
technique
alternating both
‘gentle’ & ‘forceful’
breathing

Nasal, abdominal
breathing; Forceful
exhale & passive
inhale

Forceful inhales
into chest &
purposeful exhales.
Can involve
movement

Very fast & deep
breathing
(essentially uses
CCB style of
breathwork)

Gradually
increasing fast &
deep breathing. No
pause between
inhale & exhale (i.
e., CCB)

Combination of
Sufi & Shamanic
breathing along
with Kapalabhati &
Holotropic
breathwork

Yes (breath holds)

If breath holds &
muscle locks are
used after HVB in

form of Kumbhaka &

Bhandhas,
respectively, or
when resting

If breath holds &
muscle locks are
used after HVB in

form of Kumbhaka &

Bhandhas,
respectively, or
when resting

No

Ins is loud/longer & exp is
faster. Duration varies —
mins to hrs

Varies — with different
rhythms & intensities.
Usually 5-10 mins with
short breaks. Can be slow or
extremely fast

Varies — with different
rhythms & intensities.
Usually up to 5 mins with
short breaks. Can be slow or
extremely fast

No set pace — but advised to
breathe hard/fast as one
can. 3hrs of HVB. Can also
be 1 hr in 1-on-1 sessions

No set pace — but typically
gradually increases.
Duration varies — usually
~1hr

Hyperventilation can be
140-160 respiratory cycles/
min. Duration varies — can
be 2-3 hr sessions

Muscle contraction &
apnoea; Visualisations;
Forceful breathing is
paired with sound

Pranayama teacher may
be present

Pranayama teacher may
be present; Breathing
resembles sound of
bellows

Evocative music;
Elective bodywork;
Sitter in group setting
(can include physical
touch); Meditative art
(mandala drawing) &
discussion after

Facilitator usually
present to offer guidance

Evocative music;
Elective bodywork;
Facilitator guidance

Increase in body temp,
light-headedness,
dizziness, tachycardia,
visual disturbance,
paraesthesia, palpitations,
shakiness, anxiety,
sweating, tiredness &
exhaustion, ringing in ear
(tinnitus), dry mouth
(when mouth breathing is
used)

Light-headedness,
dizziness, tachycardia,
visual disturbance,
paraesthesia, palpitations,
shakiness, anxiety,
changes in body temp
(cold & hot flushes),
sweating, shortness of
breath, fatigue, laughing,
eyes watering
Light-headedness,
dizziness, tachycardia,
visual disturbance,
paraesthesia, palpitations,
shakiness, anxiety,
changes in body temp
(cold & hot flushes),
sweating, shortness of
breath, fatigue, laughing,
eyes watering
Light-headedness,
dizziness, fainting,
tachycardia, visual
disturbance, paraesthesia,
palpitations, shakiness,
dry mouth, anxiety, body
temp changes, sweating,
tinnitus & exhaustion.
Spontaneous movement
may also occur due to
alkalosis-induced tetany,
including cramping of
extremities. Crying &
cathartic noises such as
laughs, screams, groans,
sighs, chants, talking in
tongue, infant or animal-
like noises/grunts
Light-headedness,
dizziness, fainting,
tachycardia, visual
disturbance, paraesthesia,
palpitations, shakiness,
tinnitus, dry mouth,
anxiety, body temp
changes, sweating,
exhaustion, spontaneous
movements, crying,
cathartic noises
Light-headedness,
dizziness, fainting,
tachycardia, visual
disturbance, paraesthesia,
palpitations, shakiness,
tinnitus, dry mouth,
anxiety, body temp
changes, sweating,
exhaustion, spontaneous

(continued on next page)
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Table 1 (continued)
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Breathwork
technique

Teacher or
tradition & time
period

Brief description

Presence of
interrupted ins/
exp cycles

Approx. pacing &
duration

Accessory elements Potential acute effects

Sudarshan Kriya®

Sri Sri Ravi

Cyclical rhythmic

No (but changes

8-14 resp cycles/min,

movements, crying,
cathartic noises

Can use guidance from Light-headedness,

breathing Shankar (India). breathing with rhythms) 40-50 cycles/min, 60-100 tape or SKY instructor dizziness, tachycardia,
from Sudarshan 1981 different cycles of + cycles/min). Can be visual disturbance,
Kriya Yoga slow-medium to slower — or faster. Short paraesthesia, palpitations,
(SKY) fast-very fast Sudarshan Kriya approx. 10 shakiness, anxiety, body
mins; Long Kriya 30-45 temp changes, sweating,
mins exhaustion, laughing, eyes
watering
Wim Hof Wim Hof Cyclical deep Yes (breath holds) Typically 3—4 sets of 30-40 Can use guidance from Light-headedness,
(breathing) (Netherlands). breathing from deep breaths with breath WHM app (with/out dizziness, fainting
Method 1990-2000 s diaphragm to chest; holds in between. Duration music) or WHM (particularly on breath
(WHbM) from Forceful inhale dependent on rate & apnoea instructor holds), tachycardia, visual
the Wim Hof length but usually 10-15 + disturbance, paraesthesia,
Method® mins palpitations, shakiness,
(WHM) tinnitus, dry mouth,
anxiety, change in body
temp, sweating,
exhaustion, spontaneous
movements, crying,
cathartic noises
. Ancient times
Shamanism

Proto-Yoga
|

Yoga (Hindu)
/ Pranayama

Yoga (Buddhist)

Tummo

Wim Hof

Kapalabhati

Bhastrika

Rebirthing - -++-+ Holotropic

Sudarshan
Kriya

Kriya Yoga
Pranayama

Reichian
psychotherapy

Conscious Connected

(many variants)

Sufism

Holorenic

1000s of years ago

1960):
1960s

Ist centur
Ist centur)y

Present day

Fig. 1. Evolutionary diagram with examples of HVB techniques (in italics) and related traditions (in bold). Ancient practices are at the top, and descending are some
more recent practices. Several of these techniques are gaining popularity in recent decades in line with the rise of holistic ‘mind-body’ practices such as Yoga, an
increasing therapeutic interest in both the mind-body relationship, and the healing capacity of psychedelics via induction of altered states of consciousness. The
specific age of the traditional practices included in this review from Buddhism and Hinduism are not exactly known but are believed to have originated several 1000 s
of years ago — and have formed an integral part of these cultures and religions for centuries. Solid line = derived from or covered by a specific technique or tradition.
Dotted line = incorporates elements of another technique or tradition. For example: Holorenic breathwork is a combination of Sufi and Shamanic breathing along
with Kapalabhati and Holotropic breathwork, whereas a similar style of Conscious Connected breathing is used in Rebirthing and Holotropic breathwork. (Diagram

made by the authors).

To summarise, this set of breathwork techniques share high-
ventilation modalities that overlap and are often related. To satisfy the
nomenclature of different communities, while attending to common
underlying mechanisms, we use the rubric HVB. Moreover, throughout

this review, we have prioritised our attempts to be accurate over
providing an exhaustive appraisal of detailed differences, which would
undoubtedly prove very challenging due to innumerable differing
viewpoints and the extremely long, complex history of HVB.
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2. Noteworthy HVB practices
2.1. Key distinguishing elements of techniques

Key distinguishing features of HVB techniques are summarised in
Table 1. The WHbM, for instance, involves cyclic hyperventilation,
incorporating periods of fast ventilation (usually 30-40 fast and deep
breaths) followed by apnoea (whereby a participant alternates between
the two) (Kopplin and Rosenthal, 2022). The WHM as a whole includes
cold water exposure, muscle stretching and meditation, with the adop-
tion of a ‘mindset’, operationalised as intention setting — to increase
general stress resilience. This technique is finding favour in scientific
literature (i.e., Kox et al., 2014).

GBW is a popular technique developed by psychiatrist Stanislav Grof
as a non-drug alternative for inducing non-ordinary states of con-
sciousness for psychotherapeutic applications after the drug compound
lysergic acid diethylamide (LSD) was criminalised in 1968 and could no
longer be used for this purpose. It usually instructs participants to
breathe as fast and deep as they can for three hours with no pauses or
prescribed rhythm, rate, or pattern. CCB is another technique in which a
high ventilation breathing cycle is maintained with no pauses between
breath — this is essentially what GBW and rebirthing also use (de Wit
et al., 2018; Holotropica and de Accion, 2014; Lalande et al., 2012;
Rhinewine and Williams, 2007).

The distinct HVB techniques are associated with different subjective
outcomes, suggesting dissociable underlying mechanisms. For example,
g-tummo and the WHbM involve periods of breath holds/retentions,
while SKY varies the speed of ventilation in a cyclical manner. CCB,
GBW, rebirthing and holorenic breathwork often do not involve pur-
poseful breath holds, but rather continuous accelerated breathing
without pauses. Moreover, rituals and exercises that are performed
around the time of HVB are anecdotally reported to be as important for
therapeutic benefit as the breathwork component itself. For example,
GBW may include evocative music, elective bodywork, a sitter being
present (which can involve physical touch), meditative art in the form of
mandala drawing and group discussion afterwards. Furthermore, the
dynamics of being in a group setting undoubtedly influence individual
and collective experience. Most HVB practices are performed in a group
with a facilitator (highly recommended for inexperienced, HVB-naive
practitioners), although kapalabhati, bhastrika, CCB, and the WHbM are
also frequently practiced individually (if this is the case, it must always
be safe to do so — see Section 5).

The purported anecdotal psychedelic effects mentioned below in
Section 2.2 may relate mostly to the more modern-day HVB practices
that employ CCB (i.e., continuous, uninterrupted hyperventilation,
without pauses/retention) for extended periods of time (i.e., hours as
opposed to minutes). Inducing non-ordinary altered states of con-
sciousness (ASCs) is a primary aim of these, as opposed to more tradi-
tional practices which may be geared towards the attainment of Samadhi
or ‘enlightenment’. However, several of the aforementioned HVB prac-
tices do include interrupted hyperventilation, and it is not to say that
techniques involving breath holding, for example, do not induce non-
ordinary ASCs. It remains imperative to honour their complex histori-
cal roots arriving from different cultures, and there are even anecdotal
reports of ASCs in freediving.

Given the growth in both popularity and different varieties of HVB,
this review undoubtedly omits several, as new methods continue to
emerge and evolve. A full characterisation of the physiology and phe-
nomenology of breathwork will aid its advancement as a discipline.
Inconsistent definitions and nomenclature currently impede the char-
acterisations of HVB, hence this review attempts to clarify and facilitate
future HVB research. Further, HVB techniques have variable accessi-
bility: the teaching of tummo meditation/yoga is restricted to advanced
Buddhist practitioners, while the WHbM, albeit now trademarked, is
open to the public via YouTube teachings. Presumably, there are addi-
tional practical, religious, traditional, and spiritual factors that can
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prevent individuals or groups from accessing different HVB practices.
Furthermore, the commercialisation and trademark protection of some
recent techniques, like GBW and SKY, might also diminish accessibility
to the public. However, facilitators of these techniques may argue that
such trademarking is necessary for preserving the form and quality of
the practices and ensure the core teachings (religious, spiritual, or
otherwise) are not attenuated.

2.2. Potential acute effects

During and after HVB, especially when prolonged, participants often
experience changes in the intensity and content of thoughts, emotions,
and somatic sensations. Acute effects include (but are not limited to)
light-headedness, visual disturbances, watery eyes, paraesthesia, palpi-
tations, shakiness, dry mouth, tinnitus, anxiety, hot flushes, sweating,
fatigue, or exhaustion (Posse et al., 1997). Spontaneous movement may
also occur, as well as cramping of the extremities, in particular the
hands. Individuals often exhibit emotional behaviours in the form of
crying and cathartic noises such as laughing, screaming, groaning,
sighing, infant noises, animal-like grunts, chanting, or talking in
tongues. For potential adverse side effects, see Section 5.2 on safety
considerations for HVB practices.

Individuals that engage in HVB can experience a broad assortment of
acute effects in perception, emotion, and cognition that are similar,
albeit less intense, to those evoked by hallucinogenic drugs (Grof, 1988;
Nichols, 2016). The following manifestations of ASCs are reported by
individuals who engage in hyperventilation after approximately eight
minutes: ringing/roaring in the ears, clouded vision, feelings of aston-
ishment, and lightness (Agadzhanyan et al., 2003). Furthermore, after
around 15 min, more dramatic changes in consciousness can occur,
including perceptual distortions and subjective visions (Agadzhanyan
et al., 2003). Manifestation of ASCs are likely to be more pronounced in
HVB practices that employ continuous hyperventilation for prolonged
periods (i.e., CCB, GBW, rebirthing) and do not involve breath holds (i.
e., WHbM, tummo), rest (i.e., kapalabhati, bhastrika) or cycled changes
in tempo back to slower breathing (i.e., SKY) (see Table 1 for presence of
interrupted inspiration/expiration cycles). Such interruptions in
breathing are likely to negate acute and longer lasting effects of ASCs
since hyperventilation is terminated during these periods, meaning
acute effects may be more short-lived or less intense. In particular, we
believe continuous HVB techniques are more likely to affect the efficacy
of interoceptive feedback control (explained later in Section 4.3)
because sustaining hyperventilation perpetuates a state of homeostatic
dysregulation, whilst breath holds would counteract this effect.

GBW has been described as inducing ‘psychedelic’ experiential states
by over 80% of psychiatric inpatients (in a bulletin for the Multidisci-
plinary Association for Psychedelic Studies—MAPS) (Eyerman, 2013),
and to evoke a ‘complete mystical experience’, assessed by The States of
Consciousness Questionnaire (SCQ) (Griffiths et al., 2006), in around
10% of those participating in a day-long workshop of GBW (Puente,
2014b). Comparable rates (around 11%) of mystical experiences are
described by participants after being administered a 10 mg/70 kg psi-
locybin dose (Griffiths et al., 2011). Serotonergic hallucinogenic com-
pounds are commonly associated with mystical experiences, which are
largely ineffable beyond their phenomenological characterisation by a
sense of unity, that ‘all is one’, a transcendence of time and space, and
positive mood (Griffiths et al., 2006; Hick, 1962; Pahnke, 1963). The
sense of unity is arguably central to these experiences and reportedly
experienced as a breakdown between ‘the self’ and ‘the other’ (i.e., the
world around). Such a self-less state, also known as ego dissolution, is
perhaps better defined as ‘the experience of a compromised sense of self’
(Nour et al., 2016) since metacognitive aspects of the self-as-observer
appear preserved. These psychedelic experiences appear to underlie
therapeutic utility: the phenomenology of psychedelic experience is
shown to mediate outcome variables related to wellbeing in studies of
individuals taking psychedelic drugs (Griffiths et al., 2011; Griffiths
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et al., 2006; Puente, 2014a; Uthaug et al., 2019; Uthaug et al., 2020).

Interestingly, while ego dissolution (assessed by the Ego Dissolution
Inventory; EDI) has been reported by only a third of participants in a
study of GBW (Uthaug et al., 2022), most participants still experienced
an improvement in wellbeing variables. Similar effects have been re-
ported previously for GBW (Puente, 2014a), and in studies of halluci-
nogenic compounds including psilocybin, ayahuasca and 5-MeO-DMT
(Mason et al., 2019; Uthaug et al., 2019; Uthaug et al., 2021). EDI rat-
ings of ego dissolution do not necessarily capture the full subjective
experiential state evoked by HVB and there may be other attributable
pathways toward improved wellbeing and mental health related vari-
ables. The potential relevance of the mechanisms of action of HVB in the
genesis of these effects is discussed further in Section 4.3. In essence,
while “experiences’ of the mystical/ego dissolution is part of what may
drive therapeutic effects in psychedelic trials it is seemingly not the only
factor at play. There may be other ’ingredients’ that drive betterment
such as psychological insight as well as emotional breakthrough (Kan-
gaslampi, 2023), along with changes in affect attributed to
non-pharmacological factors (e.g., in Ayahuasca retreat rituals) (Uthaug
et al.,, 2021). This also includes pivotal mental states (Brouwer and
Carhart-Harris, 2021) and catharsis which may also be a part of the
equation of 'mechanisms of effect’. In fact, there could be a somatic
equivalent of this (i.e., pivotal bodily states), resting in the premise of
hormesis. The characterisation of the similarities and differences be-
tween HVB and hallucinogens in their evoked experiential states and
later outcomes is still in its infancy. Nevertheless, HVB represents a
promising non-pharmacological alternative to engender alterations in
an individual’s state of consciousness that might mediate therapeutic
benefit to mental health and wellbeing.

3. Preliminary indications of therapeutic effects of HVB
practices

Observational research and anecdotal reports have been used to
promote interest in the therapeutic potential of HVB techniques, with
authors claiming improvement of both mental and physical conditions
(i.e., Grof and Grof, 2010). Anecdotally, breathwork facilitators report
improved symptoms of mood, anxiety, and trauma-related disorders (e.
g., post-traumatic stress disorder—PTSD) in people participating in
HVB. Clinical implementation of HVB practices as therapy have been
evaluated in large community samples, including people in prisons and
in over 11,000 psychiatric inpatients (MAPS report) (Brewerton et al.,
2012; Brown and Gerbarg, 2005b; Eyerman, 2013; Meuret et al., 2005).
However, the quality of such studies is generally constrained by limited
detail about methods used to deliver breathwork. The physiological ef-
fects of HVB have also been the subject of empirical studies, though the
evidence base is small. One example relates to kapalabhati, where
physiological effects of this fast-paced breathing practice were measured
only over one-minute periods (Bellissimo et al., 2020; Bhargav et al.,
2014). Despite the general scarcity of published studies on HVB prac-
tices, we summarise the existing work to indicate their therapeutic po-
tential. The findings across various HVB practices tentatively concur
with Fincham et al.’s (2023) recent meta-analysis, which identified that
breathwork was associated with lower levels of subjective stress, anxi-
ety, and depression, when compared to non-breathwork control groups.
However, only around 20% of the included randomised-controlled trials
(RCTs) had a primary focus on fast-paced breathwork; the remaining
RCTs were mainly focused on slow-paced techniques.

3.1. Grof (holotropic) breathwork

GBW, formerly known as holotropic breathwork, is perhaps the most
well-known HVB technique for inducing ASCs and involves up to three
hours of hyperventilation paired with evocative music and several other
components (see Table 1 for accessory elements). It was found to have
beneficial impacts on character development, inferred by an increase in
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self-awareness and positive changes in temperament (Miller and Niel-
sen, 2015). Volunteers in a GBW workshop rated their experience as
‘considerably meaningful’ and to evoke ‘increased wellbeing’ (Puente,
2014a). Participants of GBW also reportedly recovered from substance
abuse disorders (Metcalf, 1995), psychosomatic conditions such as
asthma (Grof and Grof, 2010), as well as psychological conditions
including anxiety and depression (Lalande et al., 2012). Uthaug et al.
(2022) found that ratings of non-judgement of thoughts increased
within 24 hours (i.e., sub acutely) following the GBW session and per-
sisted for four weeks. Moreover, stress-related symptoms significantly
decreased, while satisfaction with life significantly increased four weeks
post GBW. Further, a decrease in death anxiety and increase in
self-esteem was found in participants who received GBW therapy,
compared to those who received verbal therapies (Holmes et al., 1996).
Healthy participants also experiencing GBW for the first time reported
reductions in rigidity and dogmatic thinking, with increases in capacity
for connecting with others, and sensitivity towards their own needs and
emotions (Binarovd, 2003). Considering these are traits associated with
psychological resilience, it is plausible that GBW may also have appli-
cations as a preventative measure.

3.2. Rebirthing and conscious connected breathing

Anecdotal support for clinical efficacy of these practices comes from
a clinical case study reported by de Wit and Cruz (2021), who describe
sustained remission of PTSD symptoms, and reduction of depression and
anxiety symptoms after eight weekly breathwork sessions of around an
hour. The authors theorise that the CCB-enhanced cognitive processing
capacity of the traumatic experience was paralleled by shifting compo-
nents of autonomous nervous system activity (de Wit and Cruz, 2021).
Further benefits of CCB were found in participants who underwent 10
sessions of CCB over four months, reporting decreases in anger, anxiety,
and depression, along with an increase in joy and satisfaction following
CCB (Heyda, 2000).

3.3. Sudarshan kriya and yogic pranayama

SKY and Yogic-type HVB, though often combined with other pra-
nayama (mainly slow), have seemingly received the most rigorous
investigation at present in RCTs, as displayed in Table 2. Such RCTs in
SKY indicate positive self-reported psychological effects pertaining to
mental health, in particular PTSD. In Carter et al.’s (2013) study, pa-
tients with PTSD performed 22 hours of guided SKY. There were reports
of mild psychological discomfort, featuring fleeting images from past
trauma — however there were no reactions that were classed as severe.
The severity of PTSD symptoms was significantly reduced and remained
low when reassessed six weeks and six months post-intervention. The
effect size of the difference in clinically administered PTSD scale scores
from pre-intervention to six months was large (2.9) for the SKY group;
while effect sizes for antidepressant trials are in the moderate 0.5 range
(Carter et al., 2013). Another investigation using SKY also found a sig-
nificant reduction in PTSD and anxiety symptoms and reduced respira-
tory rates in comparison to a control group, both immediately after the
intervention, and at one-month and one-year follow-ups (Seppéla et al.,
2014). In addition, administering SKY to tsunami survivors who were
diagnosed with PTSD revealed that at six and 24-week follow-ups, the
mean PTSD scores were significantly lower than pre-intervention levels,
in this non-

randomised trial (Descilo et al., 2010).

SKY has also showed promise as a therapy for other psychiatric
disorders including depression, anxiety, insomnia, substance use disor-
der, and has been implemented at large in programmes for individuals in
imprisonment to promote decreases in violence and improve attention
and wellbeing (Brown and Gerbarg, 2005b). Whilst SKY has undergone a
series of rigorous research investigations, in diagnostically defined
clinical cohorts, few RCTs have examined objective physiological data.
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Table 2

RCTs using yogic pranayama with HVB, and their participant, intervention, control, outcome (PICOs), and brief summary of results. Studies were only included if they
were RCTs which comprised a HVB component. Studies on yoga and pranayama without a HVB component were not included.

Authors

Population

Intervention (s)
(Breathwork type)

Control (s)

Outcome type

Summary of results

(Carter et al.,
2013)

Vietnam war male
veterans with PTSD

SKY program adapted for veterans

Wait-list

Psychological
(subjective self-report)

Significant reduction in PTSD
symptoms after participating in
intervention

(Janakiramaiah Hospitalised SKY with supine rest C1: Electroconvulsive Psychological No significant differences between
et al., 2000) untreated therapy (ECT), C2: the three groups, however
melancholic imipramine (IMN) significant reductions in depressive
depressives symptoms for all. Reductions
highest for ECT
(Sureka et al., Male prisoners with Sudarshan Kriya & related Sit in armchair & pay gentle  Psychological Intervention group showed
2014) non-psychotic practices (SK&P): 1) three staged attention to breath improvement on global assessment
psychiatric disorders Ujjayi breathing, (2) Bellows of functioning, anxiety, depressed
breath (Bhastrika), (3) Om chant, mood, positive wellbeing, general
(4) Sudarshan Kriya & (5) health, self-control, vitality, &
alternate nostril breathing (Nadhi total positive general wellbeing.
Shodhan) Compared to controls, change on
scale scores was statistically
significant (all in direction
suggestive of improvement)
(Sharma et al., Patients with major SKY program featuring Yoga Wait-list Psychological Significant improvement in self-
2017) depressive disorder postures, sitting meditation & reported depression & anxiety
following inadequate stress education, then Sudarshan symptoms in intervention group
response to Kriya home practice compared to control group
antidepressants
(Goldstein et al., University students SKY Campus Happiness Program Wisdom on Wellness Psychophysiological Intervention group showed greater

2020)

(workshop for stress management
& wellness)

(WoW) psychoeducation
stress management

(subjective & objective
measures)

improvements compared to WoW
on: perceived stress, sleep, social

workshop connectedness, distress, anxiety,
depression, conscientiousness, self-
esteem & life satisfaction. Both
groups improved concerning heart
rate measures of stress reactivity
(Seppala et al., Iraq or Afghanistan SKY program for veterans (several ~ Wait-list Psychophysiological Intervention group showed
2014) war male veterans practices with periods of reduction in PTSD symptoms,
with PTSD discussion & stretching) anxiety symptoms & respiration
rate, however control group did
not. Immediately post-
intervention, reductions in startle
corresponded with decreases in
symptom of hyperarousal
(Seppalé et al., University students SKY Campus Happiness Program Wait-list Psychological SKY group displayed most benefit
2020) (or Foundations of Emotional compared to control on depression,
Intelligence—EI, or Mindfulness- stress, mental health, mindfulness,
Based Stress Reduction—MBSR) positive affect & social
connectedness. MBSR group
exhibited no change. EI showed
improvement on mindfulness
(Novaes et al., Healthy young adults Bhastrika pranayama (classed as Ludic cognitive activities Psychophysiological Bhastrika group showed
2020) cycles of Kapalabhati), Nadhi such as crosswords, significantly reduced anxiety &
Shodhan & breath hold/retention  puzzles, domino, checkers negative affect. Such changes were
with three Bandhas & card games, also in the connected to the modulation of
presence of an instructor brain area activity & connectivity
involved in attention, awareness &
emotion
(Vedamurthachar Inpatients with SK&P: Ujjayi pranayama, No intervention Psychophysiological Decreases in both groups’
et al., 2006) alcohol dependence Bhastrika pranayama, Sudarshan depression scores, plasma cortisol
following one week of  Kriya, followed by Yoga Nidra & adrenocorticotropic hormone
detoxification (lying down in quiet way / restful but significantly more reduction in
management state). Sudarshan Kriya comprised intervention group. Decreases on
main component self-reported depression correlated
with cortisol in intervention group
(Kumar et al., Advanced stage Ujjayi breathing, Bhastrika Standard care Psychophysiological Significant decrease in blood
2013) breast cancer patients ~ pranayama, Sudarshan Kriya cortisol levels in intervention
group compared to control
condition. Pain perception,
according to self-reported scale,
reduced in intervention group
(Subramanian Engineering students Gentle stretching (asanas), No intervention Physiological Improvements in lipid profile &
et al., 2012) undergoing exams breathing practices (SK&P: Ujjayi, (objective) haematological parameters found
Bhastrika, & Sudarshan Kriya), in intervention group
meditation with positive thinking
(Bayley et al., Military veterans with ~ SKY (five techniques: alternate Cognitive processing Psychological SKY found to be non-inferior to
2022) PTSD nostril breath, straw breathing, therapy (CPT) CPT for self-reported PTSD scores

(continued on next page)
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Authors Intervention (s)

(Breathwork type)

Population

Control (s)

Outcome type Summary of results

Ujjayi, Bhastrika & Sudarshan
Kriya, followed by meditation &
rest)

(Ravindran et al., Outpatients with
2021) unipolar or bipolar
depression

Pranayama: Ujjayi, cyclical
Kapalabhati — 40-60 breaths/
min, 60-80 breaths/min, 80-100
breaths/min

Psychoeducation protocol
for unipolar & bipolar
depression

post-intervention at 1-month & 1-
year follow-up. SKY also non-
inferior to CPT for scores on
subjective depressive symptoms
along with positive & negative
affect at 1-month, but not 1-year
Intervention group showed
significant reduction in depressive
symptoms (for first half of
study—this was a crossover trial),
but there was no significant
difference between groups

Psychological

At present, this includes exploration of a SKY intervention using elec-
trocardiogram (ECG) and respiration measures in non-clinical college
populations, along with eye-blink startle and resting respiration in vet-
erans with PSTD (Goldstein et al., 2020; Seppala et al., 2014).

3.4. Wim Hof breathing method and tummo meditation

Worldwide, millions practise the WHbM, yet scientific investigations
on the method and its components are scarce. However, a controlled
laboratory case study on Wim Hof has examined the influence of his
method on the inflammatory response to bacterial endotoxin—E. Coli.
(Kox et al., 2012). Results showed a blunted proinflammatory response
compared to a historical cohort of over 100 healthy control samples who
did not practise this HVB. Kox et al. (2014) further studied the modu-
latory effects of the WHbM on systemic inflammatory and neuroendo-
crine responses upon administration of toxins E. Coli and
Lipopolysaccharide (LPS). This immune challenge was administered to
novices who had trained in the WHM for 10 days (Kox et al., 2014).
Consequently, these individuals demonstrated the same diminished
pro-inflammatory responses, in comparison to controls (WHbM-naive).
The authors reported that the higher the levels of adrenaline during
cyclical hyperventilation (a feature of the WHbM), the lower the in-
flammatory response was, and the greater the anti-inflammatory
response. Furthermore, cortisol peaks were similar between both
groups, however the WHM-trained condition had a faster recovery of
baseline cortisol levels after cessation of HVB (Kox et al., 2012; Kox
et al., 2014).

In a non-randomised observational study, researchers found eight
weeks of WHM-training led to a reduction in self-reported depressive
symptoms compared to the control condition (Touskova et al., 2022).
Considering growing evidence that overactivation of the innate immune
system is associated with mood dysregulation and depression (Beurel
et al., 2020), the observed blunted response to a pro-inflammatory
challenge might indirectly suggest that this type of HVB practice could
confer beneficial health benefits to conditions associated with both
mood disorders and systemic inflammation (Buijze et al., 2019; Zwaag
et al., 2020). Recently, Zwaag et al. (2022) showed that the WHbM was
associated with an increase in levels of plasma epinephrine in healthy
young men, while cold exposure alone did not relevantly modulate the
inflammatory response induced by LPS administration. In fact, the
WHDM led to significantly attenuated and enhanced proinflammatory
and anti-inflammatory cytokine levels, respectively, with the cold
exposure significantly enhancing the immunomodulatory effects of the
WHbM (Zwaag et al., 2022). One randomised trial related to WHbM and
perceived subjective stress has been published (Kopplin and Rosenthal,
2022); the combined group (daily cold shower and the WHbM - essen-
tially the WHM) exhibited a medium-large positive effect on perceived
stress compared to a wait-list control group. The findings suggest that an
application of the WHbM is associated with a statistically significant
decrease in perceived stress. The overall effect size (of all three in-
terventions — the WHM, WHbM, or cold exposure only) calculated was

considered a medium effect, compared to the control group. While all
intervention groups experienced this effect over time, the combined
practice of HVB and cold exposure (i.e., cold shower) yielded the highest
benefit (Kopplin and Rosenthal, 2022).

Regarding g-tummo (from which the WHbM is derived, along with
pranayama), Kozhevnikov et al. (2013) identified increases in axillary
temperature during forceful breathing and observed increases in alpha,
beta, and gamma power, measured with electroencephalography (EEG).
Increases in alpha power significantly correlated with increases in
temperature (Kozhevnikov et al., 2013). This indicates that HVB tech-
niques could assist people in regulating body temperature, such as
poikilothermic patients (Kurz et al., 1998). Most recently, an RCT
showed that five minutes of daily breathwork and mindfulness medi-
tation for four weeks can improve mood and reduce anxiety, but
breathwork practices (including a five-minute daily practice of HVB
with breath retention similar to tummo and the WHbM) improved mood
and physiological arousal more than the meditation group for the same
duration (Balban et al., 2023).

4. Neurophysiological mechanisms of HVB practices

HVB is typically accomplished through an increase in respiratory
rate, an increase in tidal volume, or both. The result is hyperventilation,
i.e., ‘an increase in minute ventilation in excess of the requirement for
the body’s oxygen consumption’ (Ley, 1999). This section summarises
the neurophysiological perturbations underlying sustained hyperventi-
lation. Describing the physiological cascade of systemic and CNS events
resulting from hyperventilation might help identify the aspects of HVB
practices that are related to clinically relevant effects. In particular, the
characterisation of these mechanisms highlights the likely downstream
effects of HVB practices on neurometabolism and neuronal function,
that are conducive to their acute experiential states, profile of safety and
tolerability, and possibly therapeutic effects. Fig. 2 below illustrates the
main neurophysiological effects of hyperventilation, focusing specif-
ically on modulation of neurometabolism and neuronal excitability.
Although hyperventilation and HVB are not interchangeable terms,
extrapolating from mechanistic literature of hyperventilation is useful
due to the inadequate body of literature directly investigating the
physiology of HVB techniques.

The primary roles of ventilation are: 1) to acquire oxygen (O3) to
support aerobic metabolism, and 2) to eliminate carbon dioxide (CO3) to
maintain an optimal acid-base balance (i.e., pH 7.35-7.45) (Hopkins
et al, 2022). The elimination of COy via expiration represents a
survival-oriented method for acute homeostatic regulation of pH and is
proximally coupled to respiratory drive (Guyenet and Bayliss, 2015).
Tight regulation of acid-base balance is critical for optimal cellular
function and is orchestrated by a distributed network of COs-sensing
chemosensors located in arguably the most phylogenetically ancient
structures of the brain (Guyenet and Bayliss, 2015; Hopkins et al., 2022).
Ancient gas exchange mechanisms among aquatic vertebrates predate
the evolution of lung structures that support air-breathing terrestrial
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Respiratory alkalosis during prolonged HVB leads to reduced O& supply
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Fig. 2. Neurophysiological mechanisms of HVB practices occurring in parallel during continuous HVB. As ventilation rate/depth is increased and COs is eliminated
faster than it is taken up, respiratory alkalosis ensues, causing cerebral vasoconstriction and oxyhaemoglobin dissociation curve shift, resulting in reduced supply of
O, delivery to the brain. This induces a hypoxic environment, neuronal metabolic shift towards glycolysis causing lactate accumulation and stimulation of adrenergic
Locus Coeruleus. In parallel, alkalosis/hypocapnia impair GABAergic inhibition of excitatory neurons leading to disruption of gamma oscillatory networks (Stenkamp
et al., 2001), hyperexcitability of neurons and increased neurometabolic demands, which cannot be matched by adequate O, supply (Diagram created by the authors

with BioRender.com).

vertebrates, including amphibians (Ultsch et al., 2004). Evolutionary
pressure enabled the development of adaptive and specialised responses
to salient environmental challenges, for example the build-up of atmo-
spheric COs in response to volcanic eruptions.

The chemosensor-driven hyperventilatory response to acidosis is a
primitive reflex. Nevertheless, the response is also subject to voluntary
control, and hence can support the situational integration of afferent
interoceptive ascending chemosignalling, with top-down motor com-
mands. This dual voluntary and non-voluntary organisation extends to
the innervation and structure of thoracic diaphragm muscle (Nakayama
et al., 2004). Together, this architecture supports allostatic respiratory
control, which itself can be framed within predictive coding/active
inference models of behaviour. During active respiration, the primary
motor cortex initiates muscular contraction by transmitting impulses
down the spinal cord via corticospinal tracts, engaging the diaphragm
and accessory muscles of respiration (Moutlana, 2020). Some respira-
tory muscles are more readily activated by volition, such as the scalenes
and parasternal intercostals, due to unequal distribution of strength and
corticospinal inputs to respiratory muscles (Hudson et al., 2020). When
volitional control of breath is exercised, unconscious and autonomic
control of breath can be overridden (descending motor ‘predictions’
suppress ascending interoceptive ‘prediction error’ signals). This is
characteristic of ventilation and arguably distinguishes it from other
homeostatic reflexes with equally crucial survival value, such as
glucagon responses to hypoglycaemic stress (Taborsky Jr and

Mundinger, 2012). The volitional ability to manipulate ventilation is
linked evolutionarily to both upright gait and the support of phyloge-
netically modern functions such as voice control (Li and Rymer, 2011).

Volitional control enables the organism to either accumulate CO5
through extended periods of breath-holding, or to eliminate COy via
hyperventilation. Breath-holding capacity is limited as volitional control
is typically incapable of sustained overriding of reflex control at (partial
pressure of end-tidal) PetCO,~54 + 2 mmHg (Lin et al., 1974),
although apnoea training increases both subjective tolerance and
brainstem response to hypercapnia, such as in the case of experienced
divers (Goossens et al., 2014). Instead, voluntary hyperventilation can
be maintained for extended periods of time by healthy individuals, even
without specific training. This results in (end-tidal) ETCO; levels sub-
stantially reduced below typical physiological levels — at sea level and
normal body temperature, normal ETCO3 is ~35 mmHg CO3 (Godoy
et al., 2017).

4.1. Autonomic and endocrine effects of hyperventilation

HVB practices affect the function of the autonomic nervous system. A
state of sustained hyperventilation breaches homeostatic mechanisms
maintained by involuntary respiration and requires allostatic adjust-
ment. Physiologically, cardiorespiratory coupling is achieved at several
levels. First, there are basic mechanical interactions between lung
inflation, chest pressure and cardiac ventricular filling. Second, further
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smoothing and coordination occurs via arterial baroreflex-related con-
trol of sympathetic and parasympathetic outputs at the level of the
medulla. This effect underpins respiratory sinus arrhythmia and reflects
a direct action of afferent signalling from lung stretch receptors on
central control of vagal tone (Eckberg, 2009; Taha et al., 1995). Thirdly,
in support of allostasis, baroreflex-related cardiorespiratory coupling,
including respiratory sinus arrhythmia, is frequently overridden by
descending ‘top-down’ control. The baroreflex is inhibited usually as a
stress response to enable increased cardiac output (raised heart rate and
blood pressure) in support of adaptive (motoric) behaviour.

The intentional regulation of respiration is one of two main mecha-
nisms (the other being postural/muscle control and relaxation) through
which one can volitionally alter autonomic activity, which regulates
usually uncontrollable inner bodily functions. Initiating HVB disinhibits
sympathetic tone through both central command and cortically medi-
ated sympathetic drive, in anticipation of, and in response to, increased
muscular activity such as vigorous breathing, leading to increased car-
diac output with engagement of the respiratory muscles (Kety and
Schmidt, 1946; Schiittler et al., 2020). Increasing ventilation inhibits
parasympathetic cardiovascular drive and amplifies accompanying ef-
fects on physiological arousal mediated by the disinhibited sympathetic
nerves. The result of increased sympathetic and decreased para-
sympathetic tone to the sinoatrial pacemaker and myocardium is
elevated heart rate, increased blood pressure and increased electro-
dermal (sympathetic sudomotor) activity (Kety and Schmidt, 1946;
Schiittler et al., 2020).

Such cardiorespiratory arousal can intensify experiential changes:
sympathetic nervous activation also accompanies administration of
psychedelic compounds, and the magnitude of subjective experience is
reported to be positively correlated with sympathetic activity and
negatively with parasympathetic activation (Olbrich et al., 2021).

Shifts in sympathetic/parasympathetic autonomic balance are also
characteristically associated with neuroendocrine function, most
commonly affecting the hypothalamic-pituitary-adrenal (HPA) axis
which mediates humoral stress responses (Abelson et al., 2010). This
system is driven by forebrain processing of physical and emotional
stressors, to shape the more homeostatic hypothalamic-pituitary release
of cortisol from the adrenal cortices. HVB likely also engages, both
directly and in response to hypocapnia/hypoxia these same descending
influences on HPA axis activity (King et al., 2009; Lyubkin et al., 2010);
voluntary hyperventilation correspondingly increases circulating adre-
nal stress hormones (Staubli et al., 1988).

Though increasing the circulation of stress hormones seemingly
counters the healing reputation of HVB, observations from a study
assessing the effects of the WHbM might provide a possible mechanistic
insight into this apparent paradoxical effect (Kox et al., 2014): the au-
thors reported that peripheral endocrine and inflammatory response to a
pro-inflammatory challenge was affected by the WHbM. After the in-
flammatory challenge, the WHbM practitioners were found to have
higher cortisol spikes, yet a quicker recovery and stabilisation of cortisol
levels after cessation of breathwork in comparison to the control group
of WHbM-naive individuals (Kox et al., 2014). These findings suggest
that modulation of HPA cortisol release by HVB might contribute to
beneficial and longer-term therapeutic outcomes; for instance in con-
ditions associated with chronically raised cortisol levels such as anxiety
and PTSD (Bhatt et al., 2021; Lenze et al., 2011; Yehuda, 2001). These
remain speculative ideas, as the study of cortisol levels post-HVB and in
recovery phases remain unexplored.

More generally, the global physiological disruption induced by HVB
has been viewed as a form of ‘eustress’: a ‘hormetic’ intervention that
confers beneficial health characteristics as a function of moderate stress
on multiple biological systems. This was proposed to occur by reversing
dysregulation or defective adaptive stress responses, resulting in
increasing resilience to (future) emotional, cognitive, and biological
stressors (Faye et al., 2018).
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4.2. Neurometabolic effects of hyperventilation

As CO; is acidic in solution, lowering ETCO, by sustained hyper-
ventilation leads to elimination of acids, and hence respiratory alkalosis.
Studies in both humans and animals demonstrated that hyperventilation
causes an immediate rise of blood and cerebrospinal fluid (CSF) pH (see
Table 3). The pH elevation triggers a cascade of downstream effects that
alter central nervous system function at several levels. Cellular alkalosis
is specifically detected by central and intrinsic proton detectors, such as
the TASK-2 channels that are strongly expressed by the Phox2b-
expressing glutamatergic neurons of the medullary retrotrapezoid nu-
cleus (Wang et al., 2013). Phox2b neurons are especially activated by
hypercapnia, and probably reduce respiratory pattern generation by
hypocapnia (Guyenet and Bayliss, 2015; Guyenet et al., 2016) as these
signals are relayed to pontomedullary regions to facilitate efferent res-
piratory pattern generation. Alkalosis impairs GABAergic inhibition of
cortical circuits at multiple levels: in an alkalotic environment, evoked
GABAergic synaptic transmission is impaired, as is neural repolarisation,
blocking production of sequential spikes (Sun et al., 2012). This reduced
synaptic efficiency of cortical GABAergic interneurons lowers their
inhibitory tone to pyramidal neurons, further enhancing their excit-
ability (Li et al.,, 2012). The consequence is an overall shift in the
excitation-inhibition balance, affecting both interregional cortical and
efferent pyramidal neurotransmission. Moreover, a further sequela of
alkalosis is a reduction in serum calcium (Ca2+), which further increases
cerebral neuronal excitability (Han et al, 2015). Hypocalcaemia
resulting from HVB also stimulates the release of excitatory amino acids
N-methyl-D-aspartate and glutamate, which further contribute to the
hyperexcitability effects (Curley et al., 2010; Salvati and Beenhakker,
2019).

The widespread increased neuronal excitability is accompanied by
increased metabolic demands and hence rate of cerebral oxygen con-
sumption (CMRO3). However, during sustained HVB practices, the
increased cerebral neurometabolic demands are not followed by an
adequately increased Oy supply, due to the vasoconstrictive effect of
hypocapnia on brain-wise cerebral haemodynamics, as CO5 has a direct
vasodilatory effect on cerebral arterioles (Brian, 1998; Curley et al.,
2010; Laffey and Kavanagh, 2002; Raichle and Plum, 1972; Stocchetti
et al., 2005). The positive relationship between partial pressure of CO2
in arterial blood (PACO,) and cerebral blood flow (CBF), i.e., cerebro-
vascular COy reactivity (Ainslie and Duffin, 2009; Wei and Kontos,
1999) means that alkalosis leads to a reduction in CBF (constricted ce-
rebral vessels produce approximately a 2% reduction in CBF per
1 mmHg decline in ETCO3) (Godoy et al., 2017; Raichle and Plum,
1972). These effects are presumed to preserve central pH and
adaptively-attenuate the potential excitotoxic effect of sustained alka-
losis (Ainslie and Duffin, 2009).

The impairment in O3 supply may be exacerbated by low CO3 which
compromises gas exchange in the lungs, producing hypoxemia and
shifting the oxygen-haemoglobin dissociation curve leftward. This re-
sults in haemoglobin having increased affinity to O, hence inefficient
release of O to cells (so-called ‘high affinity hypoxia’) (Curley et al.,
2010; Stocchetti et al., 2005). The disproportionate cerebral O, uti-
lisation relative to O supply results in the development of a cellular
hypoxic environment. Acute hypoxia constitutes a neurometabolic
challenge and further stimulates neuronal O, consumption (Watts et al.,
2018). In parallel, there is a progressive shift in neuronal metabolism
toward increased utilisation of glycolysis (ultimately, a less efficient
means of energy production which results in lactic acid accumulation),
which is proportional to the decrease in PACO,, and promotes arousal
via stimulation of Locus Coeruleus noradrenergic neurons (Huckabee,
1958; Nariko, 1968).

Despite decades of research, the neurophysiological adaptation
response to sustained conditions of prolonged hyperventilation remains
contentious. Experimental observations from studies investigating the
effects of prolonged passive/active hyperventilation in awake subjects
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Table 3

Summary of relevant physiological studies reporting the effects of prolonged
hyperventilation (HV) on haemodynamic and neurometabolic parameters, such
as CMRO,, CBF, pH, in awake and healthy human volunteers. Studies were
included if hyperventilation was employed for longer than 20 min to investigate
its effects on neurometabolic and haemodynamic parameters. Studies where
hyperventilation was conducted under anaesthesia were not included, as this is
known to alter haemodynamic parameters. Note: One study in unanaesthetised
goats is included as illustrative of early (< 1hr) and delayed (> 1 hr)
compensatory mechanisms.

Methods &
measures

Active or Duration Effects
Passive

HV

Authors

Transcranial Passive 20 mins
doppler US

middle cerebral

artery blood flow

(MCA CBF)

(Poulin et al.,
1998)

Rapid | MCA
CBF at HV
onset
followed by
progressive 1
in MCA CBF
(return to
baseline)
Linear
arterial |
pCO; in &
CBF in HV
phases

1 anaerobic
index during
HV phase II
from 3.5% to
15.8%

| anaerobic
index during
HV phase III
(return to
baseline)

= cerebral
excess lactate
| CBF, new
semi-steady
state within
~2 mins.

1 CBF
towards

Passive 20 mins
phase I

normal

breathing

phase II:

6%0, for

10 mins

phase III

100%04

for 10 mins

(Reivich et al.,
1968)

Kety - Schmidt
method

(pO2; pCO;
glucose; lactate)

Transcranial Active > 20 mins

doppler US (CBF)

(Ellingsen
et al., 1987)

baseline
within

10 mins of
hypocapnia

| arterial &
venous CO, &
H+

1in cAV, O,
& COy diff

| in CBF
(—32% in
voluntary
HV, —36% in
passive HV)
= CMRO,
(passive) or 1
(active)

First 30 s: |
CBF with a
time constant
of 0.3 min to
68% of
baseline

| CBF at onset
of HV,

1 CBF return
to 90% of
baseline
through HV

1 CBF rises to
20% above

Active &
Passive

(Kety and 20-30 mins
Schmidt,

1946)

Kety - Schmidt
method
(CBF; CMRO3)

Severinghaus Active 1.5 hrs
g
and Lassen,

1967)

Kety - Schmidt
method
(CBF)

(Raichle et al., Active 4.5 hrs

1970)

Kety - Schmidt
method
(CBF; pCO2)

11

Neuroscience and Biobehavioral Reviews 155 (2023) 105453

Table 3 (continued)

Methods &
measures

Active or Duration Effects
Passive

HV

Authors

baseline after
end of HV

1 Arterial pH
after HV
onset

= Arterial pH
during initial
12-14hrs of
normoxic HV
| Arterial pH
during initial
12-14hrs of
hypoxic HV
Return to
baseline

Arterial & CSF
sampling (pH,
Lactic acid)

Passive 26 hrs
(normoxic

& hypoxic)

(Dempsey
et al., 1975)

levels over
final 6-10hrs
1 Arterial
lactate in
hypoxic HV
CSF Lactate
> Arterial
Lactate
During HV:

| CBF &
CMRO,, after
HV initiation
but return to

(Albrecht *Study in Passive 6 hrs
etal., 1987)  unanaesthetised
* goats.

CSF & cerebral

venous blood

sampling ( baseline
pH, HCO3, within 6hrs
lactate, 1 pH
pyruvate) (Arterial,

sagittal sinus,
CSF) after HV
initiation but
return to
baseline
within 6hrs

1 Lactate &
Pyruvate
(Arterial,
sagittal sinus)
)

= Lactate &
Pyruvate
(CSF)

= Lactate:
Pyruvate
ratio (all
tissues)

Upon
termination of
HV:

1 CBF &
CMRO,
above
baseline

are summarised in Table 3. After initial alkalinisation, pH in brain tissue
and cerebral arterial and venous blood progressively fall due to lactic
acid accumulation in brain and blood (Albrecht et al., 1987; Dempsey
et al., 1975). It is expected that such a fall in pH should be accompanied
by a parallel rise of CBF to baseline levels, however, interactions be-
tween (partial pressure) pCO,, pH, and CBF are complex. In fact, results
of studies employing different experimental paradigms indicate that
prolonged hyperventilation does not result in rapid compensatory
restoration of CBF; Severinghaus and Lassen (1967) found no return of
CBF to full baseline levels in conscious healthy humans after 90 min of
active hyperventilation. Similarly, Raichle et al. (1970) also identified in
conscious healthy individuals that CBF fell immediately after hyper-
ventilation initiation, and gradually continued to rise back 90% of
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baseline levels, exceeding such levels once hyperventilation stopped.

Furthermore, Albrecht et al. (1987) reported in unanaesthetised,
passively ventilated goats, a progressive return of CBF to baseline levels
after six hours of hyperventilation. Buffer mechanisms that are triggered
by the onset of alkalosis to normalise pH changes in CSF and extracel-
lular space also include the cellular efflux of hydrogen ions (H") and the
exchange of extracellular bicarbonate (HCO3) for intracellular chloride
and a slower acting buffer mechanism at the proximal renal tubular
level, where HCOj3 reabsorption is prevented in combination with H"
secretion (Curley et al., 2010; Godoy et al., 2017; Stocchetti et al., 2005).
Whilst this mechanism begins minutes after the onset of hypocapnia, it
appears to take effect and reduce pH after approximately four hours of
prolonged HVB and normalises CSF and perivascular pH after six hours
of hypocapnia (Mykita et al., 1986). The resulting effect of adaptation
during sustained HVB, such as that obtained by prolonged HVB practices
(for example GBW), is likely a time-dependent normalisation of CBF and
pH perturbations. It is not known whether repeated practice can
potentially alter the time course of compensatory adaptive changes.

The evidence reviewed above suggests that phenomena impacting
both specific and general higher cerebral functions might implicate the
attenuation of GABAergic contributions to excitation-inhibition balance
across networked brain systems — GABAergic function underpins the
orchestration of gamma oscillatory rhythms: implicated in perceptual
and cognitive functions (‘predictions’ of predictive coding) that include
attention (Jensen et al., 2007), object recognition (Keil et al., 1999),
learning (Sederberg et al., 2007), long-term memory formation
(Axmacher et al., 2006; Van Vugt et al., 2010) and pain (Schulz et al.,
2012). Gamma oscillations also are linked to the pathophysiology of
mood disturbance (Pinna and Colasanti, 2021) which is relevant to the
possible psychedelic effects of HVB, where their association with
perceptual alterations (Baldeweg et al., 1998) suggests their role as
neural substrates of dream-like states (Llinas and Ribary, 1993).

In vitro experimental work has helped elucidate the mechanisms by
which alkalosis and associated hypoxia influence brain-wise gamma
rhythms. Hypocapnic exposure of rodent hippocampal slices directly
modulates induced gamma rhythms (Stenkamp et al., 2001).
Fast-spiking hippocampal basket cells, i.e., the GABAergic parvalbumin
interneurons (PV-INs) that generate and maintain gamma oscillations
(Csicsvari et al., 2003; Sohal et al., 2009; Veit et al., 2017), display a
unique neurometabolic vulnerability to hypoxia (Pinna and Colasanti,
2021). Across the neocortex, PV-INs constitute the largest interneuron
population and have the largest share of inhibitory GABAergic boutons
(Gulyas et al., 1999). Within cortical circuits, PV fast-spiking basket cells
are strategically positioned to exert both feedforward and feedback in-
hibition and gain control (Espinoza et al., 2018; Scudder et al., 2018) to
excitatory pyramidal outputs, and are constantly active across the total
cycle of fast gamma oscillations. The resulting high demand for mito-
chondrial adenosine triphosphate (ATP) production requires a contin-
uous and plentiful supply of oxygen (Gulyas et al., 2010; Hdjos et al.,
2004; Tukker et al., 2013). This makes PV-INs, and functions dependent
upon gamma oscillations, exquisitely vulnerable to effects of hypoxia.
The hypoxic environment putatively induced by prolonged HVB is thus
likely to dysregulate the inhibitory-excitatory balance underlying the
function of brain networks involved in higher-order functions (Huch-
zermeyer et al., 2008).

These mechanisms affecting neuronal hyperexcitability and network
communication also contribute towards further understanding the bases
of acute subjective experiences of HVB techniques (Section 2.2) from
low level effects such as yawning and blepharospasm that are involun-
tary automatisms deriving from altered neuronal excitability (Lum et al.,
2002; Nims et al., 1940), through to higher-order experiences of tran-
scendence and self-dissolution. There also are parallels here with
mechanisms implicated in epilepsy, where hyperexcitability of neural
circuits and changes in network synchrony during seizure propagation
are associated with perceptual changes and local automatisms, through
to dissociative states and generalised impairment of consciousness.
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Practically, hyperventilation might lower the seizure threshold in pa-
tients with epilepsy, which therefore represent a contraindication to
HVB practices, discussed below.

4.3. Mismatching interoceptive predictions putatively underlie HVB-
induced altered consciousness states

Sustained hyperventilation evokes a combination of direct and
compensatory physiological changes (a metastable state) that impact
specific aspects of brain function and associated perceptual, cognitive
and affective processes. We propose that the subjective ASCs — reported
by expert practitioners to be a central phenomenological aspect of
certain HVB — can be attributed to the selective and profound pertur-
bation of neural circuitry responsible for the integration and regulation
of interoceptive signals.

Such circuits normally support adaptive behaviours by coordinating
allostatic responses for the whole organism/individual. We speculate
that during prolonged hyperventilation, opponent neurophysiological
states arise — on one hand, signalling via rostroventral, largely subcor-
tical, interoceptive projections from the midbrain convey a compelling
instinctual urge to inhibit the rate and volume of breathing to correct
neuronal acid-base balance and restore cerebral supply of Oy (Colasanti
and Critchley, 2021). On the other hand, the engagement of volitional
motor circuitry from the prefrontal cortex and primary motor cortex
sustains rapid and deep breathing by driving striated accessory muscles
of respiration, unchecked by interoceptive feedback. This mechanism
overrides normal physiological regulation, governed by homeostatic
loops that ensure a tight relationship between autonomic control of
smooth muscle and interoceptive feedback. Within a predictive coding
framework, attaining a desired internal state involves testing the effects
of efferent autonomic drive against ascending interoceptive feedback to
generate and minimise prediction errors. Typically, autonomic changes
would correct for abnormalities in acid-base balance and blood gases.
However, motivational and volitional behaviours can suppress re-
sponses to interoceptive prediction errors, temporarily sustaining less
homeostatic internal physiological states, so that survival-related,
adaptive goals can be achieved over a longer term - this is allostasis.

HVB takes this mechanism to an extreme, resulting even in a viola-
tion of principles of allostasis. Reductions in CBF, pH alkalinisation, and
reduction of Oy tension are accompanied by a progressive increase in
minute ventilation as volitional behaviour becomes uncoupled from the
interoceptive error signals that, through brainstem to insular-cingulate
projections, evoke primordial homeostatic (motivational) feelings
(Colasanti and Critchley, 2021). Such embodied feelings have high
survival value and are usually so imperious that they domineer the
entire stream of consciousness and assume ’plenipotentiary power over
behaviour’ (Denton et al., 2009). The mismatch between 1) interocep-
tive representation and homeostatic responses to perturbed internal
physiological states and 2) the concurrent experience of motor agency
accompanying wilful hyperventilation generates an interoceptive pre-
diction error ‘overload’. Putatively, there is a supraordinate meta-
cognitive evaluation of this incompatibility between the indefinite
continuation of action, while ignoring of the salient alarm associated
with neurometabolic dyshomeostasis.

Stephan, Petzschner and colleagues (Stephan et al., 2016) proposed
such a higher metacognitive layer of awareness for monitoring
self-efficacy, i.e., the capacity for continued successful regulation of the
performance of interoceptive-allostatic circuitry. In their model, a sys-
tem failure in self-efficacy can trigger a behavioural shutdown, mani-
festing clinically as depression and/or fatigue states. These states
nevertheless maintain a form of stability and the integrity of a conscious
self-representation. In HVB, we theorise that the impairment of self-
hood, reported by HVB practitioners as subjective feelings of ‘ego--
dissolution’ and ‘oceanic boundlessness’, is consequent upon the
splitting of metacognitive integrity. This arises as the sense of agency
maintaining allostatic oversight of self-generated behaviour
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(hyperventilation) is split from interoceptive feedback control and
typically negative associated motivational feelings. The consequence is a
mental experience that loses its grounding in coherent interoceptive
embodiment, arguably akin to dissociative states of dreaming and
depersonalisation. Circumstantial evidence in support of this theory is
that patients with early psychosis who are presenting with dissociative
symptoms also display impairment in measures of metacognitive inter-
oceptive awareness (Garfinkel et al., 2018). Hence, we propose that HVB
impacts representational states of internal physiological agency through
a profound discounting of interoceptive prediction errors and agency,
which possibly accounts for its perception as a positive feeling state.

5. Clinical considerations for HVB practices
5.1. Putative therapeutic indications and general considerations

The only robust clinical research evidence in support of clinical ef-
ficacy of therapeutic applications of HVB in cohorts with well-defined
psychiatric diagnoses, was obtained from studies in patients with
PTSD symptoms using SKY (see Section 3 and Table 2) (Bayley et al.,
2022; Carter et al., 2013; Seppala et al., 2014). A recent non-inferiority
trial by Bayley et al. (2022) found SKY to have comparable efficacy to a
first line recommended treatment for PTSD, cognitive processing ther-
apy, with a low to moderate effect size in reduction of PTSD symptoms.
Considering at least a third of PTSD sufferers do not achieve remission to
PTSD-targeting psychotherapies or pharmacotherapies, other treat-
ments are urgently needed (Steenkamp et al., 2015). However, since
HVB forms one of several components of SKY, the effects of this
multi-component modality cannot solely be attributed to HVB. Although
HVB in the form of Sudarshan kriya forms the main component of SKY
there is a confound here, and therefore caution must be exercised while
extracting, mechanistically explaining and linking only one component
of this yogic practice to therapeutics. For other clinical indications in
diagnostically well-defined groups, such as mood disorders and anxiety
disorders, current support for clinical application of HVB practices is
primarily based on anecdotal reports, hence controlled research trials
are needed.

Though some forms of HVB can have anxiety inducing subacute ef-
fects (Table 1) it could, in fact, possibly act therapeutically as *exposure’
therapy, enabling participants to experience a volitionally induced
stressor in the moment, which may then enable the reduction of anxiety
(Table 2) in the long term, potentially through gradual adaptation. The
key perhaps is the volitional control of ventilation. Hyperventilation
that occurs reflexively has been related to anxiety, however hyperven-
tilation performed deliberately in a controlled manner has also been
shown to be therapeutic (Balban et al., 2023; Meuret et al., 2005).
Therapeutic modalities like psychedelics share this experiential quality,
with anxiety commonly being present initially during a psychedelic
journey/trip, particularly at the beginning, and decreasing in intensity
as the experience progresses.

Again, it is important to note that practitioners of HVB which consists
of periodic breath holds and/or rest — in other words, frequent in-
terruptions to hyperventilation (i.e., tummo, WHbM, yogic pranayama)
— will likely return to ‘normal’ homeostatic states more quickly than
individuals employing HVB comprising intensive, prolonged and
continuous hyperventilation (i.e., CCB, rebirthing, GBW). This suggests
why the latter practices are more commonly associated with non-
ordinary states of consciousness and psychedelic effects, anecdotally
at least.

5.2. General safety considerations

Given the widespread practice of various forms of HVB (potentially
over centuries) along with current anecdotal observations, breathwork
communities generally consider the practice to be safe for healthy in-
dividuals. A recent systematic review and meta-analysis on breathwork
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and mental health, focusing solely on RCTs, did not find reported
adverse events directly attributed to fast-paced breathwork, although
only around 20% of the included studies actively reported on adverse
events (Fincham et al., 2023). Minor adverse reactions do not neces-
sarily negatively impact the engagement in HVB practice: for example,
patients with unipolar/bipolar depression reported incidence of hot
flushes, shortness of breath and/or sweating during HVB; nonetheless,
all opted to continue the breathwork (mainly kapalabhati) (Ravindran
et al., 2021).

It is vital that facilitators inform practitioners of potential risks and
contraindications before consenting to participate in HVB. General
safety considerations include the notion that hyperventilation can have
panicogenic and anxiogenic effects in vulnerable individuals (see
below), including rare case reports of fully formed auditory or visual
hallucinations triggered by hyperventilation (Allen and Agus, 1968).
Patients with acute stress disorders appear to be more likely to experi-
ence intrusive traumatic re-experiencing symptoms in response to hy-
perventilation challenge than non-affected participants (Nixon and
Bryant, 2005).

To ensure safety, it appears logical to recommend a cautious
employment of HVB in people with cerebrovascular and cardiovascular
conditions based on the well-established acute effects of prolonged hy-
perventilation on blood pressure and CBF. Although these effects are
generally short-lived and reversible, the tolerability profile of repeat
therapeutic HVB practices in people with such physical health comor-
bidities is unknown. At this stage caution is recommended for people
with comorbid respiratory (i.e., chronic obstructive pulmonary disease),
cardiovascular (i.e., severe or malignant hypertension, cardiac arryth-
mias, heart failure, ischemic heart disease, aneurysms), neurological (i.
e., ischemic or haemorrhagic cerebrovascular disease, cerebral aneu-
rysms), or other pre-existing pathology where acute blood pressure or
vasoconstriction increase could pose increased risks of end-organ dam-
age, such as renal failure or pheochromocytoma.

The need for physiological monitoring, including haemodynamic
parameters, particularly in individuals with the above risk factors, might
require restricting the potentially-too-wide application of HVB practices
in non-medical contexts at present. In such cases, a clinical screening by
a physician is warranted. For example, since HVB can have a significant
and direct impact on blood pressure, it is important to empathise a note
of caution for people with hypertension.

Furthermore, considering the acute dissociative effects that some
forms of prolonged HVB may initiate, caution with HVB is advised if an
individual is diagnosed/suspected to have a psychotic disorder. Specific
contraindications are needed for pregnant individuals and for some
clinical populations, notably patients with epilepsy, panic disorder (PD),
and psychotic disorders as explained below. Lastly, it should always be
made evident that any practitioners attempting to practise HVB alone
must be in a safe environment, especially away from water, hard sur-
faces or anywhere and any situation in which HVB risks harm to oneself
or others, and particularly where fainting could prove fatal.

5.3. Specific contraindications

5.3.1. Epilepsy

Converging indications on the powerful modulating effects of res-
piratory alkalosis on cerebrovascular function and neuronal excitability
point to specific risks related to lowering epileptic threshold and
ischemic conditions. Short voluntary hyperventilation is routinely used
to induce a seizure in those with suspected epilepsy to confirm diagnosis
(Moeller et al., 2019). This method is particularly reliable for children
with absence seizures, in which the patients typically demonstrate
abnormal 3 Hz EEG activities, due to impairment of thalamocortical
interactions. Although hyperventilation is used to induce epileptic sei-
zures in generalised and focal seizures, most patients in this clinical
population demonstrate seizures within 90 sec of starting hyperventi-
lation (Watemberg et al., 2015). It is proposed that the most likely
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mechanisms appear to be an increased sodium and potassium perme-
ability resulting in neuronal hyperexcitability, due to respiratory alka-
losis. This effect is more prominent when patients have specific
pathological impairments such as mesial temporal (hippocampal) scle-
rosis (Leonhardt et al., 2002). Direct administration of 5% CO; to pa-
tients with absence seizures has an anti-convulsant effect and will
suppress hyperventilation-induced seizures (Yang et al., 2014). This
indicates the central trigger for a seizure may be reductions in CBF.

5.3.2. Panic Disorder

The link between panic and breathing has been well documented
(Colasanti et al., 2008; Nardi et al., 2009). The notion of hyperventila-
tion as a core feature of panic attacks symptomatology, and that there is
chronically increased ventilatory rates in patients with PD, has led to
postulation that hyperventilation has a central role in the pathogenesis
of catastrophic cognitions of panic attacks, leading to the development
of PD and agoraphobia (Ley, 1985). This theory has been later debated
and followed by an alternative hypothesis that hyperventilation in pa-
tients with PD instead reflected a compensatory biobehavioural
response to a hypersensitive CO,-detector signalling a ’false suffocation
alarm’ (Klein, 1993). This theory had stemmed from multiple experi-
mental observations indicating that patients suffering from PD are
uniquely vulnerable to the panicogenic effects of respiratory challenges,
specifically lactate infusion and CO5 inhalation (Colasanti et al., 2012).
Brief experimental hyperventilation challenges were also reported to
have panicogenic effects, although these effects appear much weaker
than CO; or lactate challenges, with only a proportion (between 16%
and 51%) of patients with PD vulnerable to hyperventilation (Goetz
et al., 2001; Gorman et al., 1994; Nardi et al., 2004; Papp et al., 1997;
Zandbergen et al., 1991).

Additionally, PD patients have rated panic-like reactions to hyper-
ventilation as different to spontaneously occurred panic attacks (Lindsay
et al., 1991). Hyperventilation has even been suggested as a therapeutic
intervention for PD (Meuret et al., 2005). Nonetheless, there are robust
arguments suggesting that a diagnosis of PD should be considered a
contraindication to inclusion in trials of HVB practices — i.e., that res-
piratory and acid-base abnormalities have been consistently reported in
patients experiencing recurrent panic attacks (Esquivel et al., 2010). PD
patients might display an exaggerated physiological and neurometabolic
response to alkalosis and may be more vulnerable to the effects of brain
hypoxia during hyperventilation, as indicated by evidence of raised
brain and serum lactate levels measured with proton magnetic reso-
nance spectroscopy (‘H-MRS), and in response to hyperventilation
challenges (Dager et al., 1995; Ueda et al., 2009; Wilhelm et al., 2001).

More generally, significant discomfort and distress may be experi-
enced by anxious people with a tendency to catastrophise physical
symptoms due to the transient adverse physical effects of HVB, which
include nausea, tetany, palpitations, light-headedness, dizziness, visual
disturbance, shakiness, anxiety, and exhaustion (Posse et al., 1997).

6. Conclusions

The extent of support that HVB practices have accumulated over
centuries indicates huge potential in terms of therapeutic applications.
However, its popularity has not been matched by advances in clinically
and mechanistically focused research investigating its neurobiological
mechanisms and clinical efficacy in rigorous, controlled studies. Our
review summarises the historical roots, common and distinguishing
characteristics, and acute effects of the best known HVB practices.
Established autonomic and neurometabolic effects of hyperventilation
clearly support the notion that HVB can induce profound modulatory
effects at various levels of central and autonomous nervous systems,
altering their functions and reciprocal interactions, and ultimately
impacting high order metacognitive functions that might be relevant to
HVBs therapeutic effects. However, direct support for specific clinical
application of HVB practice is scarce at present. The evidence we have
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reviewed could contribute to define clinical indications and contrain-
dications for therapeutic use of HVB, and to set an agenda for future
empirical clinical testing.

To advance the field of HVB research and practice, a roadmap of
well-designed studies is needed. Rigorous pilot and feasibility studies
are required to gauge both safety and tolerability as well as therapeutic
potential. Moreover, regarding clinical efficacy, non-inferiority and su-
periority trials should use appropriate active control groups depending
on the population being studied. Rigorous psychophysiological studies
should also explore both brain and body physiological responses and
phenomenological correlates to further uncover objective and subjective
outcomes of HVB.

Research on breathwork is poised for an extraordinary surge in both
public and scientific inquiry, much like meditation over the past few
decades, and now psychedelics. Given HVBs close ties with these, we
expect substantial growth in the field and, as such, encourage robust
examination of HVB at the outset.
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