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Introduction

Hyperventilation (HV) has been known to trigger seizures for
over 90 years and was first reported by Otfrid Foerster.1 Later,
when the electroencephalogram (EEG)was developed as a tool
for recording electrical activityof thebrain, HVwas used as the
first activation procedure during EEG.2 EEG recording shows
that in normal subjects HV provokes a physiological slowing of
brain rhythms; however, in many cases of epilepsy, HV-acti-
vated epileptiform spiking activity also occurs.3 For example,
spike wave discharges are triggered by voluntary HV in over
90% of patients with absence epilepsy. It was later established
thatHVmayelicit clinical seizures in up to 50% of patientswith
generalized epilepsy, with it being most likely to trigger
seizures in children with absence epilepsy4–6 (see ►Fig. 1).

At the present time, HV is routinely used as an activation
technique during EEG recording.7 Epileptiform discharges
and seizures are frequently triggered by HV in genetic
generalized epilepsies.8 Further, similar activation has
been reported, less frequently, in focal epilepsy, with tem-
poral lobe epilepsy patients being more susceptible than
others.9 In patients with genetic generalized epilepsies, the
epileptiform discharges are 3-Hz spike-and-wave com-
plexes, whereas slow spike and wave complexes are more
commonly seen in patients with symptomatic generalized
epilepsies.9Despite the apparent clinical utility derived from
the above, some studies question the role of HV in epilepsy
diagnosis, notably in adult populations where the number of
patients demonstrating altered EEG recordings due toHVcan
be quite low.10,11 The aim of this review is to present a
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Abstract Hyperventilation and seizures have a long association in the clinical literature and were
known to have a relationship long before the electroencephalogram (EEG) was used to
record changes in brain activity. As the use of EEG recording progressed, hyperventilation
was thefirst activationmethodused to assist with diagnosis of epilepsy. Alongwith slowing
of brain activity, hyperventilation can activate epileptiform spiking activity in patients with
epilepsy. Currently, hyperventilation is used in standard practice to assist with the diagnosis
of epilepsy during EEG recording. Hyperventilation activates epileptiform spiking activity
more often than seizures but can trigger clinical seizures in up to 50% of patients with
generalizedepilepsy. It ismore likely to trigger events in childrenwith absence seizures than
adults, and it acts as a trigger in patients with focal epilepsy far less often. However, while
some clinicians suggest that its diagnostic value is limited, especially in adults with focal
epilepsies, others suggest that it is simple, safe, and an important diagnostic tool, even in
these patients. This review presents the history of hyperventilation and seizures, its use in
the clinical practice, and possible mechanisms involved.
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literature review of the relationship between HV and seiz-
ures and to discuss its mechanism and use in the clinic.

Mechanisms Involved in HV Activation of
Seizures

Hypocapnia and Hypoxia
Several hypotheses have been proposed to explain why HV
can trigger seizures in patients with epilepsy. These aremost
commonly based on two physiological mechanisms inherent
to HV: (1) hypoxia due to vasoconstriction and reduced
oxygen delivery to the cerebral cortex and (2) reduced
carbon dioxide (CO2) levels in the blood, known as hypo-
capnia.9 Resolution of the mechanism has been complicated
by the occurrence of two distinct electrographic responses to
HV: slowing of brain rhythms and spiking activity. Recent
literature suggests that, of these two phenomena, spiking
activity is more closely related to seizure activation.12

Current evidence regarding the link between HV and
neuronal hypersynchronous spiking activity favors a mech-
anism that involves changes in arterial partial pressure of
CO2 (pCO2), decreased cerebral blood flow velocity, and
respiratory alkalosis. As a result, it is thought membrane
stability is decreased in neuronal tissue, so that neurons are
more easily excited with a tendency to spontaneous dis-
charges.13 Both animal models and clinical studies show that
a rise in pH leads to an increase in neuronal excitability and
thus may produce epileptiform activity.6,14

In normal subjects, HV decreases arterial pCO2 and the
resulting elevated pH causes vasoconstriction reducing ce-
rebral blood flow.15 After 2minutes of HV the cerebral blood
flow was 50mL/(100 g min) considered to be a critically low
level for brain function.15 This physiological process likely
plays an important role in HV-triggered seizures in suscep-
tible patients. It is likely that the epileptic temporal lobemay

be particularly prone to ischemia during HV as seen by
monitoring of cortical blood flow in the epileptic temporal
lobe.15

There is no pCO2 threshold that has been shown to
universally cause seizures, as this threshold varies from
one patient to the next, but in a particular patient the level
of CO2 that triggers seizures remains consistent over time,
suggesting patient-specific sensitivities to hypocapnia.6 Fur-
ther, it seems that the [acute?] change in pCO2 level, not the
absolute pCO2 level, is more critical for triggering seizures.16

The reason behind why some people with epilepsy are
insensitive to HV is not clear. A study into the added value of
HV and intermittent photic stimulation found that because
HV is easy to perform it is an important part of routine EEG,
but its clinical diagnostic value was mostly realized in
younger patients.17 The differences in HV response seen
between the young and old may be due to the differences
in decreased cerebral blood flow and the sensitivity of the
central nervous system to the change in flow that have been
shown to alter with age.18

Dysfunction of the Autonomic Nervous System
The autonomic nervous system that acts as an unconscious
control of respiration, cardiac regulation, vasomotor activity,
and some reflexive actions has been shown to be dysfunc-
tional in a subset of patients with epilepsy.19 The sympa-
thetic division of the autonomic nervous system is involved
in the well-known fight or flight response. A study that
investigated the sympathetic response to HV by looking at
heart rate responses found that patients with mesial tempo-
ral lobe epilepsy showed increased sympathetic responses to
HV compared to healthy subjects.20 This suggests that sym-
pathetic overactivation during HV may be an important
process for triggering seizure activity in a subset of cases
of focal epilepsy. Patients with epilepsy have an associated

Fig. 1 A 5-year-old with childhood absence epilepsy. Absence seizure triggered by hyperventilation. Sensitivity: 10 microvolts/mm, Display:
10 seconds/page.
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risk of sudden unexpected death which is partly related to
cardiac events.21 Meta-analysis shows that there appears to
be a sympathovagal imbalance in epilepsy; patients with
epilepsy have a low baseline vagal tone and those receiving
antiepileptic drugs have a higher sympathetic tone.22 In
addition, patients with refractory epilepsy that demonstrate
a dysfunctional autonomic nervous system are sometimes
successfully treated with vagus nerve stimulation.23

Brain Diffusion
Quantitativediffusionmagnetic resonance imaginghas shown
thatbraindiffusion is increased in thehippocampusofpatients
with temporal lobe epilepsy, but not in healthy control
subjects. During HV, patients with temporal lobe epilepsy
and hippocampal sclerosis exhibited decreased focal brain
diffusion in the ictogenic hippocampus. A similar HV-related
change in brain diffusion was not seen in patients with
epilepsy without hippocampal sclerosis nor in controls.24

Exercise
Cases of exercise-induced seizures have been reported in the
literature, though these phenomena occur much less fre-
quently than HV-induced seizures.25 In contrast to HV,
exercise has been reported to trigger seizures more often
in patientswith focal epilepsy than in thosewith generalized
epilepsy. Although HV also occurs during exercise, this is a
physiological compensatory response to expel CO2 and raise
blood pH and therefore it does not cause the same physio-
logical changes seen when HV is performed in isolation.
Further, patientswho experience exercise-triggered seizures
are not necessarily sensitive to HV triggers, thus the two
mechanisms appear to be different.26,27

Timing of HV during EEG Recording

Standard Guidelines
HV is a standard procedure during EEG recordings, as reco-
mmended by guidelines from the American Clinical Neuro-
physiology Society,7 the British Society for Clinical
Neurophysiology,28 the International Federation of Clinical
Neurophysiology,29 the International League Against Epilep-
sy,30 and the National Institute for Health and Excellence.31

Therefore, HV is used routinely unless there are medical
reasons that contraindicate its use, such as a recent intra-
cranial hemorrhage, significant cardiopulmonary disease,
and sickle cell disease.7 As HV may trigger seizures, some
patients may be unwilling to cooperate due to fear of
experiencing a seizure.31

The guidelines generally suggest HV for 3minutes. For
example, the American Clinical Neurophysiology Society
guidelines suggest the following: at least 1minute of record-
ing with the same montage should be obtained before
overbreathing begins. Then, HV should be performed for a
minimum of 3minutes, with continued recording for at least
1minute after cessation of overbreathing. If necessary, HV
can be performed for a longer period to obtain adequate
activation of the EEG. The record should contain an assess-
ment of the quality of patient effort during HV.7

Alternative Timings
Some clinics suggest that a longer period of HV is needed. An
extended 5-minute HV has been suggested to more readily
stimulate epileptiform discharges32 and has shown an in-
creased diagnostic yield compared to 3minutes.33 But some
clinicians suggest that prolonging the EEG recording time
may be the reason for detecting the spikes rather than HV
stimulation.11 On the other hand, long periods of HV may be
unnecessary, a study in children with suspected absence
seizures found that 85.5% had an absence seizure within
90 seconds of HV onset and 68% of the children sustained a
single event. The authors also suggested that once an absence
seizure has been recorded HVcould be stopped, reducing the
amount of discomfort for the child.34

HV Activation during EEG in Generalized
Epilepsies and Focal Epilepsies

In contrast to standard recommendations, some studies
suggest that HV is not of diagnostic value during EEG.10,35

While HV is certainly much more effective as an EEG
activating procedure in generalized epilepsies rather than
focal epilepsies,36 some studies suggest that in adults, even
those with generalized epilepsy, HV activation is rare. HV-
induced generalized spike-wave paroxysms were found in
only 12.3% of adult patients with genetic generalized epilep-
sy on treatment.35 However, HV triggered absence seizures
were seen in 67% of patients in a pediatric cohort (mean age
9.3 years) diagnosed with juvenile absence epilepsy (JAE)
and childhood absence epilepsy (CAE). In untreated children,
HV induces absence seizures more often in CAE and JAE (87%
each) in comparison to juvenile myoclonic epilepsy (33%).37

Focal interictal epileptiform discharges have also been
shown to be activated by HV in some cases38 (►Fig. 2).
Evaluation of 433 patients with epilepsy (88.7% with focal
and 11.3% with generalized epilepsy) with 5-minute HV
showed that seizure occurred in 2 patients (focal
seizure; ►Fig. 3) and interictal epileptiform discharges in
19 patients, so the authors concluded that HV was rarely
associated with seizures or increase in frequency of epilep-
tiform discharges.10 One study demonstrated that video EEG
monitoring was assisted by HV triggering seizures in 23% of
patients with medically intractable focal epilepsies. The HV-
activated seizures were similar to spontaneous ones, helping
to shorten the time for presurgical evaluation.9 It is clear that
HV-induced absence seizures are more likely to occur in
younger age groups, especially thosewith untreated CAE and
JAE.37 On the other hand, even though the events are not
common in some patients, some clinicians find HV to be a
useful method for provoking 3-Hz spike andwave discharges
in a small percentage of patients who only demonstrate
epileptiform activity with HV.39

There is even a report of the use of HV intraoperatively to
precipitate seizure in a patient with temporal lobe epilep-
sy.40 While a small study, in 12 patients, using single photon
emission computed tomography to show regional cerebral
brain perfusion found that interictal epileptiform lateralized
discharges in patients with focal epilepsy correlated with
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increased cerebral brain perfusion in seven of the eight
patients who experienced activation. This suggests that the
spiking activities may reflect the pathophysiology of the
epileptogenic area.41 Additionally, HV during routine EEG is
commonly performed in supine position, while office HV is
done in sitting position. Rozenblat et al showed that occur-
rence of absence seizures in children in sitting position is
significantly higher than that seen in supine position, al-
though the study is limited by small size of the cohort.42 The
hypothesis behind this is decreased tidal volume of HV in the
supine position due to reduced chest wall compliance.42

Despite low rates of HV-triggered seizures, overall HV is
an important tool for epilepsymonitoring and diagnosis even
in patients with focal epilepsy.

Safety of HV during EEG
A prospective multicenter National Service Evaluation found
that HV in selected patients is a valid activation technique
during EEG, and the benefits outweighed the risks.43

However, it is important to emphasize that there are clinical
situations inwhich it is inadvisable to performHV. As described
above, HV may trigger the sympathetic nervous system, which

Fig. 2 An 11-year-old with history of concussion and left temporal epileptiform activity activated by hyperventilation. Sensitivity: 10
microvolts/mm, Display: 10 seconds/page.

Fig. 3 An 8-year-old with history of single episode of convulsive seizure. On electroencephalogram (EEG) had focal seizure clinically
characterized by behavioral arrest and right temporal onset triggered by hyperventilation. Sensitivity: 10 microvolts/mm, Display:
10 seconds/page.
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may lead to unwanted sequelae in certain patients. These
include patients at risk of cerebral vasospasm such as those
with sickle cell andmoyamoya diseases, and patients who have
recently experienced cerebrovascular events, including cerebral
infarction, subarachnoid and intracerebral hemorrhage, as well
as thosewith significant coronaryartery disease.7,43As apart of
the consent process, the patient, as well as any family and
caregivers present, should be made aware that activation
procedures such as HV may induce a seizure, however this
risk should be stated within the context of the potential
diagnostic benefits of this occurring.43,44

Conclusion

HV triggers clinical seizures and epileptiform activity in a large
proportion of children with generalized epilepsies and so is an
obvious activation method to assist with diagnosis in children
with suspected epilepsies. Epileptiform discharges, when they
occur during EEG recordings, can assist in the classification of
epilepsies. In patients with focal epilepsy, the location of
epileptiform discharges is a good indicator of the area of the
cortex from which the seizures originate or first propagate. In
adults with focal epilepsies, HV remains an important part of
standardEEGrecording, thoughthe likelihoodof triggering focal
epileptiformactivityor seizures is low.HV is a simpleprocedure
that can be easily tolerated, but careful selection of patients
before HV activation is important to prevent adverse events.
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