VVOR and VORS testing as a tool in the diagnosis of unilateral and bilateral vestibular hypofunction
Background: In clinical practice, tests such as the head impulse test paradigm (HIMP) and suppression head impulse paradigm (SHIMP) stimulate high-frequency head movements so the visual and somatosensory system are somehow suppressed. In low frequencies, two tests could be useful tools for vestibular assessment: VVOR (visually enhanced vestibulo-ocular reflex) and VORS (vestibulo-ocular reflex suppression). The aim of this study is to explain the eye movements typically found during VVOR and VORS testing in patients with unilateral and bilateral vestibular hypofunction.
Methods: Ten patients with unilateral vestibular hypofunction, two patients with bilateral vestibular hypofunction, and ten patients without vestibular symptoms (control group) were analyzed retrospectively through VVOR and VORS testing in an Otometrics ICS Impulse system.
Results: In the VVOR test, patients with unilateral vestibular hypofunction exhibited catch-up saccades beating to the healthy side when moving the head to the affected side, while patients with bilateral vestibular hypofunction exhibited catch-up saccades beating to the opposite side of head movement. In the VORS test, patients with unilateral vestibular hypofunction exhibited catch-up saccades to the healthy side when moving the head to this side, while patients with bilateral vestibular hypofunction did not exhibit catch-up saccades during head movement to either side.
Conclusion: Our data suggest that the VVOR and VORS tests yield the same findings as the HIMP and SHIMP tests in unilateral and bilateral vestibular hypofunction, and can contribute to confirming peripheral etiology as well as the affected side.
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Introduction
Different classes of eye movements can be distinguished on the basis of how they aid vision, their physiological properties, and their anatomical substrate. Clear vision requires that images of our environment during head movements be held fairly still on the retina. This is made possible by several functional classes of human eye movements, such as pursuit (P), optokinetic (OKN), and the vestibulo-ocular reflex (VOR) [1].
It is possible to suppress a particular stimulus according to a goal purpose (goal planning/goal in mind). The pursuit reflex comprises an eye movement in order to stabilize the image of a moving target on the fovea. The ability of the pursuit reflex to overcome an inappropriate VOR, known as VOR suppression, is indispensable during combined eye-head tracking of a target that moves in the same direction as the head; otherwise, the VOR would move the eye in the opposite direction [2,3]. In addition, there is no difference between the eye movement of a pursuit reflex without head movement and head movement while staring at a fixed target [1].
The sensitivity of the visual, somatosensory, and vestibular system to detect head movements depend on frequency. Both the visual and somatosensory system are more effective at low-frequency head movements; conversely, the semicircular canals are more sensitive to high-frequency head movements [4].
In clinical practice, tests such as the head impulse test paradigm (HIMP) and the suppression head impulse paradigm (SHIMP) stimulate high-frequency head movements so that the visual and somatosensory system are somehow suppressed. In low frequencies, two tests could be useful tools for vestibular assessment: the visually enhanced vestibulo-ocular reflex (VVOR) and vestibulo-ocular reflex suppression (VORS). The HIMP and VVOR are almost identical, with both involving a fixed target and head movement. Similarly, the SHIMP and VORS are almost the same test, involving head movement to track a moving target. However, the HIMP and SHIMP tests are not influenced by the visual system, while in the VVOR and VORS tests, vision predominates over the vestibular system.
The aim of this study is to explain the eye movements typically found during VVOR and VORS testing in patients with unilateral and bilateral vestibular hypofunction.

Methods
The sample consisted of ten patients (six female) with unilateral vestibular hypofunction (UVH), two patients (one female) with bilateral vestibular hypofunction, and ten patients (five female) without vestibular symptoms, serving as controls. The VVOR and VORS findings of all participants, obtained using an Otometrics ICS Impulse system, were analyzed retrospectively. Patients with vestibular hypofunction were diagnosed on the basis of reduced VOR gain on video head impulse test affecting both the anterior and lateral semicircular canals, the posterior semicircular canal, or all semicircular canals in the affected ear or in both ears. VOR gain was considered reduced if less than 0.8 in the lateral semicircular canals and less than 0.7 in the vertical semicircular canals.
For the VORS, subjects were tested in the sitting position and asked to stare at a laser dot on the wall at a distance of 1.5 m. Their heads were slowly moved at a frequency of approximately 0.5 Hz and amplitude of 10° in the horizontal plane, while the laser dot moved with the patient’s head. Patients were asked to follow the laser dot during the test.
For the VVOR test, subjects were asked to stare at a fixed dot on the wall at a distance of 1.5 m. Their heads were slowly moved at the same frequency and amplitude (about 0.5 Hz and 10° in the horizontal plane), but patients were asked to keep their eyes trained on the dot during the test.

Results
The age of the patients ranged from 20 to 75 years. Reduced VOR gain in the lateral and anterior left semicircular canals was observed in five patients, in the lateral and anterior right semicircular canals two patients, in the lateral, anterior and posterior left semicircular canals in three patients, and in the lateral, posterior and anterior semicircular canals bilaterally in two patients. All patients were tested during the first five days of vestibular symptoms, and two of them exhibited spontaneous nystagmus beating to the healthy side. 
During the VVOR test, patients with unilateral vestibular hypofunction exhibited catch-up saccades beating to the healthy side followed by head rotation to the affected side. Patients with bilateral vestibular hypofunction exhibited catch-up saccades beating to the opposite side of head movement for both sides.
In the VORS test, patients with unilateral vestibular hypofunction exhibited catch-up saccades to the healthy side when the head was moved to this side, while patients with bilateral vestibular hypofunction did not show catch-up saccades during head movement to either side.

Discussion
Our data suggest that VVOR and VORS tests exhibited the same findings as the HIMP and SHIMP tests in unilateral and bilateral vestibular hypofunction, and can contribute to confirm the peripheral etiology as well as the affected side.
In the acute phase of an UVH, there is an imbalance between the vestibular afferences from the left and right sides. In an UVH affecting the left side, the brain interprets that the head is rotating to the right; hence, the eyes move slowly to the left (slow phase of spontaneous nystagmus). To stabilize the image on the retina, the brain quickly moves the eyes to the right (fast phase of spontaneous nystagmus) [2]. An UVH also results in a leaky neural integrator, which explains the gaze nystagmus beating to the unaffected side, following Alexander’s Law. Only two patients in our series exhibited spontaneous nystagmus, but their VVOR and VORS test findings were the same when compared to patients who did not have spontaneous nystagmus.
In an UVH, the HIMP shows reduced VOR gain followed by refixation saccades when the head is turned to the affected side. On the other hand, SHIMP demonstrates refixation saccades when the head is turned to the unaffected side, and no saccadic eye movement when the head is turned to the affect side [5].
The VVOR test assesses the patient’s VOR with visual enhancement. Unlike the HIMP, it evaluates low-frequency head movements, which means that the pursuit reflex acts together with the VOR to move the eyes contralateral to the head movement [6]. For instance, in an UVH affecting the left side, there is reduced VOR gain when the head is turned to this side. In the VVOR test, when the head is turned to the right side, both the pursuit and vestibulo-ocular reflexes are intact, so that there is no abnormal eye movement. On the other hand, the VOR does not moves the eyes to the right when the head is turned to the left. Hence, a catch-up saccade beating to the right is needed at the start of the head movement to keep the target on the fovea, along with the pursuit reflex [1,2]. 
In a VVOR test performed in a patient with bilateral vestibular hypofunction, the VOR does not move the eyes to the side opposite to head movement. Therefore, a catch-up saccade beating contralateral to the head movement for both sides is needed to keep the image stable.
The VORS test assesses the patient’s VOR without visual enhancement. Differently from the SHIMP test and like the VVOR, it evaluates low-frequency head movements, which means that the pursuit reflex moves the eyes in the same direction as the target, while the VOR tends to move the eyes in the opposite direction [6]. In an UVH affecting the left side, there is reduced VOR gain when the head is turned to this side. In the VORS test, the abnormal VOR gain does not move the eye to the right when the head is turned to the left; hence, there is no need for suppression, since the pursuit reflex moves the eyes to the left, following the target. On the other hand, when the head is turned to the right, the VOR moves the eyes back to the left. Hence, a catch-up saccade beating to the right side is needed to overcome the inappropriate VOR (VOR suppression) [1,2,3].
In the VORS test performed in a patient with bilateral vestibular hypofunction, the reduced VOR gain does not move the eye to the opposite side of the head movement. Therefore, there is no catch-up saccade during head movement to either side, since there is no need to suppress the VOR.
The small number of patients in our series could be considered a limitation. However, this was a descriptive study that showed similar findings in different groups; we believe that a larger sample would not have changed our results.
The HIMP and SHIMP are fundamentally the same tests as the VVOR and VORS respectively, examining different frequencies and exhibited the same findings in unilateral and bilateral vestibular hypofunction. 
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Fig. 1 VVOR test results in controls, patients with unilateral vestibular hypofunction affecting the right and left sides, and patients with bilateral vestibular hypofunction
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Fig. 2 VORS test results in controls, patients with unilateral vestibular hypofunction affecting the right and left sides, and patients with bilateral vestibular hypofunction
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