
This document presents an in-depth analysis of the 

hyperventilation test, which constitutes a distinctive 

and, in several aspects, singular assessment within the 

range of bedside vestibular examinations. Central to the 

discussion is the modular Inventis Nystalyze system, 

which integrates advanced visualization and recording 

functionalities aimed at achieving accurate eye movement 

analysis. The VideoScope module within Nystalyze enables 

both diagnostic and rehabilitative applications, offering 

considerable operational flexibility through the option of 

either a wireless camera or a traditional wired configuration. 

The system’s intuitive interface supports audio and video 

recording, allowing comprehensive and detailed clinical 

assessments. In addition, the SYNAPSYS VNG module 

provides a wide range of vestibular and oculomotor tests, 

ensuring a comprehensive and reliable diagnostic approach.

INTRODUCTION

The hyperventilation test (HVT) represents a peculiar 

and, in many respects, unique test within the spectrum 

of vestibular bedside examination. Unlike most clinical 

tests routinely employed in neurotology, the HVT does not 

directly stimulate the vestibular end organs but instead acts 

through systemic metabolic modifications that transiently 

alter the excitability of the vestibular system. 

Over the past decades, several studies have clarified the 

mechanisms and clinical applications of hyperventilation-

induced nystagmus (HVIN), highlighting its relevance in 

both peripheral and central vestibular disorders.

PATHOPHYSIOLOGICAL BASIS OF THE 
HYPERVENTILATION TEST

Hyperventilation is defined as ventilation exceeding 

metabolic requirements and is characterized by a reduction 

in arterial carbon dioxide tension (PaCO₂), leading to 

respiratory alkalosis. 

This biochemical shift initiates a cascade of ionic and 

hemodynamic changes that affect both central and 

peripheral nervous systems.

The decrease in PaCO₂ induces an increase in extracellular 

pH, which in turn modifies the distribution of hydrogen ions 

across cellular membranes. This process is coupled with 

ionic exchanges involving potassium and sodium, as well 

as an increase in intracellular calcium mediated by voltage-
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dependent channels sensitive to pH variations. At the 

same time, the concentration of ionized extracellular 

calcium decreases, further contributing to neuronal 

hyperexcitability.

In parallel, hypocapnia causes cerebral 

vasoconstriction and a reduction in tissue oxygenation, 

partly due to the leftward shift of the hemoglobin 

dissociation curve. These changes result in a complex 

interplay of metabolic and hemodynamic effects, 

including cellular hypoxia, alterations in cerebrospinal 

fluid pH, and modifications in intracranial pressure.

These changes may produce two main 

neurophysiological effects:

•	 Increased neuronal excitability, with a lower 

threshold for action potential generation.

•	 Transient disruption of central vestibular 

compensation, particularly of cerebellar inhibitory 

mechanisms that normally suppress vestibular 

asymmetries.

This second mechanism is especially important. In 

many vestibular disorders, particularly during chronic 

or compensated stages, central adaptation can mask 

peripheral deficits. Hyperventilation may temporarily 

reduce this compensatory effect, allowing the underlying 

vestibular asymmetry to re-emerge as nystagmus.

Pathophysiological basis of the HVT is reasumed in 

Figure 1.

HOW TO PERFORM HVT

The hyperventilation test is typically performed with 

the patient in a seated position. The subject is instructed 

to perform rapid and deep respiratory cycles for 

approximately 60–70 seconds. Eye movements should 

be observed during hyperventilation and for at least 

one minute afterward, preferably using infrared video 

goggles, such as the Inventis Nystalyze system. 

The test is considered positive when hyperventilation 

induces a nystagmus lasting at least a few seconds or 

when it significantly modifies a pre-existing spontaneous 

nystagmus. In videonystagmographic terms, variations 

in slow-phase velocity on the order of 5°/s are considered 

clinically relevant.

Despite its simplicity, the HVT requires careful 

execution and interpretation. Factors such as patient 

cooperation, depth of ventilation, and the method used 

to observe eye movements can significantly influence its 

sensitivity.

H Y P E R V E N T I L A T I O N - I N D U C E D 
NYSTAGMUS: PATTERNS AND MECHANISMS

The HVT may evoke nystagmus in a patient who does 

not exhibit it at baseline, or it may modify a pre-existing 

spontaneous nystagmus. Califano et al. identified four 

distinct patterns:

The paretic pattern is characterized by an 

enhancement of spontaneous nystagmus, typically 

beating toward the healthy side. This pattern is generally 

interpreted as the expression of an increased asymmetry 

between the two vestibular systems, resulting from the 

transient disruption of central compensation. 

In contrast, the excitatory pattern consists of a 

reduction or inhibition of spontaneous nystagmus. In this 

case, hyperventilation appears to transiently improve the 

function of the affected side, possibly through enhanced 

neural conduction in partially demyelinated fibers or 

increased excitability of residual peripheral receptors. 

A strongly excitatory pattern, in which the direction of 

nystagmus is reversed, can be considered an extreme 

form of this mechanism.

Finally, in some cases, hyperventilation produces no 

observable effect, resulting in an absent HVIN pattern.

CLINICAL APPLICATIONS

Peripheral vestibular disorders

In peripheral vestibular disorders, the HVT is 

particularly useful for characterizing the stage and 

the probable origin of the disease. In the early phase of 

acute unilateral vestibulopathy, excitatory or strongly 

excitatory patterns may predominate, reflecting transient 

hyperexcitability or partial recovery of neural conduction 

in the affected vestibular nerve, thus supporting the 

hypothesis of vestibular neuritis. As the disease evolves, 

these patterns tend to disappear and are replaced by a 

paretic pattern.
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In contrast, an absent or paretic HVIN in the early 

phase is more suggestive of the vascular origin of 

vestibulopathy. 

Retrocochlear pathology

The HVT shows particularly high diagnostic yield in 

vestibular schwannoma, with HVIN observed in the 

vast majority of cases. The presence of an excitatory 

pattern is especially suggestive of neural involvement, 

likely reflecting demyelination and altered conduction 

properties. In patients with unilateral auditory 

symptoms, particularly when the onset is not recent, 

this finding should prompt further investigation with 

MRI. A paretic pattern may nonetheless be observed in 

vestibular schwannomas, either in the absence of areas 

of demyelination, as is more likely in smaller tumors, or 

conversely in the presence of disruption of the nerve 

fibers, as frequently occurs in larger schwannomas.

Central vestibular disorders

In central disorders, hyperventilation may produce 

different effects. In healthy subjects, cerebellar inhibitory 

activity compensates for the predominance of forces 

driving the eyes upward. In cerebellar disorders, the 

metabolic changes induced by the HVT may further 

impair cerebellar inhibitory function, thereby unmasking 

a downbeat nystagmus.

In other central conditions, particularly demyelinating 

diseases such as multiple sclerosis, hyperventilation 

may evoke or modulate nystagmus through different 

mechanisms. The induction of either upbeat or downbeat 

nystagmus is highly suggestive of an underlying 

demyelinating disorder.

CONCLUSION

In conclusion, the hyperventilation test represents a 

powerful and versatile tool in vestibular diagnostics. Its 

ability to reveal latent asymmetries and to provide insight 

into underlying pathophysiological mechanisms makes 

it particularly valuable in the evaluation of complex 

vestibular disorders.

However, its interpretation requires a comprehensive 

clinical framework and should always be integrated with 

other findings from the vestibular examination.
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Figure 1: Pathophysiological basis of the hyperventilation test
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