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Abstract

Background. Acute and complete unilateral vestibular deafferentation induces a significant change in ipsilateral vestibuloocular 
reflex gain, making the patient unable to stabilize gaze during active or passive head movements. This inability creates the illusion 
that the visual environment is moving, resulting in persistent visual discomfort during rapid angular or linear acceleration of the 
head. This is known as oscillopsia. Our objective was to understand if the spontaneous sensation of oscillopsias after complete 
unilateral vestibular deafferentation by vestibular neurotomy at 5 days (D5) and at 3 months (M3) is correlated with the loss of 
vestibuloocular reflex gain and dynamic visual acuity.

Methods. Retrospective cohort study was conducted in an otolaryngology tertiary care center (2019-2022) on patients with 
complete unilateral vestibular loss by vestibular neurotomy. They were divided into 2 groups according to the presence (group 
G1) or absence (group G2) of a spontaneous complaint of oscillopsia assessed at M3. Severity of oscillopsias evaluated by 
Oscillopsia Severity Questionnaire. Vestibuloocular reflex gain based on video head impulse test (vHIT) and the dynamic 
visual acuity were measured for each group at D5 and M3. Categorical variables were compared using χ2 test and quantitative 
variables using the nonparametric Wilcoxon-Mann-Whitney test.

Results. All patients have a complete vestibular deafferentation at D5 and M3. At D5 (G1 = 8 patients, G2 = 5 patients), there is no 
significant difference for ipsilateral and contralateral vestibuloocular reflex gains and dynamic visual acuity losses. The Oscillopsia 
Severity Questionnaire was 2.68 ± 1.03 in G1 and 1.23 ± 1.03 in G2 (P < .05). At M3 (G1 = 9 patients, G2 = 6 patients), there 
is no significant difference between groups for epidemiologic and clinical data and for vestibuloocular reflex and dynamic visual 
acuity losses. The Oscillopsia Severity Questionnaire was 2.10 ± 0.63 in G1 and 1.24 ± 0.28 in G2 (P < .05).

Conclusions. The spontaneous disabling sensation of oscillopsia after complete unilateral vestibular loss is well assessed by the 
Oscillopsia Severity Questionnaire but cannot be explained by objective vestibular tests assessing vestibuloocular reflex gain 
(vHIT) or dynamic visual acuity loss at D5 or M3. Further studies are needed to measure the sensation of oscillopsia under real-
life conditions and to identify the factors responsible for its persistence.

Trial registration: Retrospectively registered.

Keywords
oscillopsia, dynamic visual acuity, vestibuloocular reflex, vOR gain, video head impulse test, vHIT, vestibular neurectomy

Received February 15, 2024; accepted April 21, 2024.

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/ohn


2	 Journal of Otolaryngology - Head & Neck Surgery

Background

The sudden and unilateral loss of vestibular function second-
ary to surgery (otological complication, removal of a vestibu-
lar schwannoma, treatment of Meniere’s disease by vestibular 
neurotomy, etc) or to a vascular/infectious event (vestibular 
neuritis, labyrinthine hemorrhage, etc) induces the sensation 

of a true vertigo, more or less intense depending on the state of 
the initial vestibular function.1

It also causes a significant alteration of the ipsilateral ves-
tibuloocular reflex (VOR) gain making the patient unable to 
stabilize the gaze during active or passive head movements.2-4 
This inability gives the illusion that the visual environment is 
moving, leading to persistent visual discomfort during rapid 
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angular or linear accelerations of the head. This is known as 
oscillopsia.

Reported by Brickner as early as 1936, oscillopsia limits 
dynamic visual acuity (DVA) of patients.5-8 The impact of 
oscillopsia varies from patient to patient. Some do not report it 
and others experience its presence as a permanent and severe 
handicap.9 The reasons for this difference are unknown. It may 
be related to the degree of DVA loss in patients whose immedi-
ate and long-term effects of complete loss of vestibular func-
tions are not well understood.4,9-11

The aim of our study was to evaluate whether the spontane-
ous complaint of oscillopsia experienced by patients at 5 days 
(D5) and 3 months (M3) after complete unilateral vestibular 
loss surgery was correlated with the measure of postoperative 
VOR gain assessed by the video head impulse test (vHIT) and 
the measure of DVA loss.

Methods

A retrospective cohort study was conducted in an otolaryngol-
ogy tertiary care center, covering a period between January 
2019 and December 2022. This retrospective study follows the 
requirements of the French authorities and was built according 
to the MR004 protocol of the Commission Nationale de 
l’Informatique et des Libertés (n°2206749-13/09/2018). Our 
institution does not require an Institutional Review Board or 
an ethics committee for this type of study. The STROBE 
guidelines were used for reporting.

Population

All adult patients with preoperative vestibular function par-
tially preserved who underwent a definitive complete unilat-
eral vestibular loss by vestibular neurotomy performed for 
disabling Meniere’s disease,12 Tumarkin syndrome, or vestib-
ular schwannoma (Koos stage I and II) between January 2019 
and December 2022 were included.

The complete and definitive unilateral vestibular deafferen-
tation was defined by the absence of nystagmus responses to 
the 18° caloric test on the affected side, by the presence of a 
horizontal nystagmus contralateral to the affected side trig-
gered during stimulation by a high-frequency vibrator (100 Hz) 
on the right and left mastoid (NIV or vibration-induced nystag-
mus), by the collapse of the preoperative ipsilateral VOR gains 
(vHIT), by the conservation of the VOR and COR (cervico-
ocular reflex) gains during kinetics sinusoid (0.1 Hz) tests.

The disabling character of Meniere’s disease corresponded 
to the inability of the subjects to have an acceptable daily life13 
(repetition of vertiginous attacks several times a week; sever-
ity of vertigo and neurovegetative symptoms; Tumarkin’s 
attack).

Tumarkin attacks or vestibular drop attacks occur when 
patient with Meniere’s disease suddenly collapses to the 
ground without loss of consciousness, malaise, or cardiogenic 
disorder. This fall could induce injury because it is impossible 
for the patient to prevent it.

Eligible patients were identified from the surgical proce-
dure register of our hospital. All patients were operated and 

explored before and after the surgery at D5 and M3 under the 
same conditions by the same surgical teams.

Variable

Epidemiological, subjective, and objective variables were col-
lected from hospital medical records.

Epidemiological variable.  The patient’s sex, age, dominant hand, 
glasses and their characteristics, and the etiology of the pathol-
ogy requiring surgery are recorded.

Subjective evaluation.  Vertigo/instability and their disabilities, 
spontaneous oscillopsia and its disability, oscillopsia severity 
assessment by Oscillopsia Severity Questionnaire (OSQ), hos-
pital anxiety and depression scale (HAD), return to work, and 
driving were recorded.

Objective evaluation.  Spontaneous nystagmus characteristics, 
gain and preponderance of kinetic test (sinusoidal 0.1 Hz), 
reflexivity and deficit of caloric tests, VOR gain and first sac-
cade latency of vHIT, DVA loss pre- and postoperatively at D5 
and M3 were collected.

The Ulmer Synapsis® VNG system (Synapsis), the 
Framiral® system measuring the DVA (Framiral), and the 
Ulmer III Synapsys® vHIT (Synapsis) were used according 
to the manufacturer’s standards [vHIT: 0.71 for the lateral 
semicircular canal (SCC), 0.81 for the superior SCC, 0.71 
for the posterior SCC].

Study Outcomes

The primary endpoint was the spontaneous expression of 
oscillopsias related to the loss of DVA and/or the VOR gain at 
vHIT after a complete and definitive unilateral vestibular deaf-
ferentation by vestibular neurotomy at D5 and M3. Oscillopsia 
had to meet the criteria described by Bender in 196514 and is 
assessed on the basis of a subjective assessment made M3 
after surgery. Patients with oscillopsia corresponded to group 
1 (G1) and those without to group 2 (G2).

To avoid bias, the following situations lead to exclusion of 
the patients from the analysis: patients with oculomotor disor-
ders or neurological pathology or otological history which 
modify the performance of the objectives tests, those with 
bilateral vestibular involvement, those with a schwannoma 
affecting the brainstem, those whose surgery was marked by a 
cerebellar trauma (at the surgeon’s discretion) or followed by 
pre/postoperative neurological complications and those for 
whom no clinical and paraclinical examination (vHIT and 
DVA) was performed at the third month because of the Covid-
19 pandemic (confinement) or a technical failure.

Statistical Analysis

For descriptive analysis, continuous variables are expressed 
as mean and standard deviation or median. A χ2 test was con-
ducted to compare preoperative and postoperative categori-
cal variables like epidemiological data. A nonparametric 
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Wilcoxon-Mann-Whitney test was conducted to compare 
preoperative and postoperative quantitative one like patients 
age, characteristics of spontaneous nystagmus, gain and pre-
ponderance of kinetic tests, VOR gain and saccade latency, 
and DVA loss. All statistical analyses were conducted using 
Prism8 program, and P < .05 was considered statistically 
significant.

Results

Twenty-one patients underwent a complete unilateral vestibu-
lar loss by vestibular neurotomy between February 2019 and 
January 2022. A total of 80% were for disabling Meniere’s 
disease (66.7% Tumarkin syndrome, 33.3% repeated and dis-
abling attacks) and 20% following surgery for vestibular 
schwannoma. Six patients were excluded of our study because 
they had a neurological history (n = 2: stroke, psychiatric 
pathology) or could not attend the consultation at M3 because 
of COVID19 pandemic (n = 4) to evaluated if the unilateral 
vestibular loss was complete (Figure 1).

Fifteen patients were included. Thirteen underwent vestib-
ular evaluation at D5 and all were evaluated at M3. Two 
patients were not evaluated at D5 because the intensity of the 
postoperative vertigo made it impossible to perform tests at 
that time.

Clinical and Vestibular Comparison of G1 and G2 
in the Immediate Postoperative Period (D5)

Baseline patient characteristics.  Thirteen patients were includ-
ing à D5. A total of 53.8% were female. The vestibular neu-
rotomy was on the left side for 46.15% of patients. The 
vestibular evaluation was done at 5 ± 1 day. The mean age was 
57 ± 12 years for this population.

None of the patients had complete loss of vestibular 
function at preoperative evaluation. The preoperative spon-
taneous nystagmus velocity was 1.17 ± 2.06°/second; the 
mean gain on kinetic tests was 0.67 ± 0.31 and the prepon-
derance was 4.53 ± 3.46°/second. The caloric preoperative 
threshold was normal at the contralateral side of the surgery 
and lowered on the ipsilateral side. Preoperative VOR gain 
obtained at vHIT for each of the SCCs was normal on the 
ipsilateral side (respectively for anterior/lateral/posterior 
SCC: 0.92 ± 0.13, 0.84 ± 0.15, 0.87 ± 0.16) and on the con-
tralateral side (respectively for anterior/lateral/posterior 
SCC: 1 ± 0.13, 0.94 ± 0.08, 0.91 ± 0.15). Preoperative 
DVA loss was also normal on the ipsilateral (0.13 ± 0.11 
logMAR) and contralateral side (0.07 ± 0.12 logMAR) of 
the surgery. We observed that it was slightly lower in the 
downward gaze (0.21 ± 0.19 logMAR).

After the surgery, the postoperative spontaneous nystagmus 
velocity was significantly higher than the preoperative veloc-
ity (10.84 ± 6.1 vs 1.17 ± 2.06; P < .05) at D5. The VOR gain 
at vHIT was also significantly decreased on the affected side 
on the anterior SCC (0.92 ± 0.12 vs 0.37 ± 0.15), the lateral 
SCC (0.84 ± 0.14 vs 0.07 ± 0.12), and the posterior one 
(0.87 ± 0.16 vs 0.37 ± 0.19); P < .05 for each. We also 
observed a slightly decreased gain for each contralateral SCC 
(for anterior SCC: 1 ± 0.13 vs 0.75 ± 0.18; for lateral SCC 
0.94 ± 0.08 vs 0.85 ± 0.14; for posterior SCC 0.91 ± 0.15 vs 
0.62 ± 0.16; P < .05 for each).

Pre- and postoperative comparison characteristics of the G1 
group and the G2 group.  At D5, 5 patients spontaneously 
reported and complained of oscillopsia and instability (G1 
group), while 8 patients did not spontaneously report it (G2 
group). The OSQ was statistically different between these 
groups, being higher in G1 (SQO = 2.68 ± 1.03) than in G2 

Figure 1.  Flowchart.
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(SQO = 1.23 ± 1.03); P = .03*. We found that the only statisti-
cally significant epidemiological difference between G1 and 
G2 was age, which was higher in G2 (62 ± 13 vs 50 ± 13 years; 
P = .004). We observed that the sensation of rotatory vertigo 
induced by surgery decreased and was comparable between 
groups (60% in G1 and 75% in G2; P = 1) at D5.

The contralateral preoperative VOR gain of SCC posterior 
to vHIT was significantly higher in the G1 group (0.99 ± 0.25 
vs 0.87 ± 0.25; P = .009). Other homolateral and contralateral 
VOR SCC gain were comparable. There was also no statisti-
cally significant difference in preoperative DVA loss between 
groups.

At postoperative day 5, the only statistically significant 
outcome in videonystagmography (VNG) between G1 and G2 
was the severity of caloric deficit, which was higher in the G2 
group than in the G1 group (45.42% vs 26.75%; P = .04). The 
other criteria were not statistically different, but mean sponta-
neous nystagmus velocity (14.1 ± 6.1 vs 8.84 ± 6.1; P = .18) 
and directional preponderance in kinetics (14.1 ± 5.78 vs 
9.75 ± 5.78; P = .18) appeared to be higher in G1.

Comparison of the VOR gains (vHIT) at D5 for each SCC 
ipsilateral or contralateral to surgery showed no significant 
difference between G1 and G2.

The covert saccades were present from D5 in both groups 
with no statistical difference but the latency appeared to be a 
little bit shorter in G1 (148.1 ± 20.91 vs 158.4 ± 24.27; P = .41).

There was no significant difference in DVA loss between 
groups ipsilateral or contralateral or downward at D5. Only 
the mean upward DVA loss was lower in G1 (0.19 ± 0.13 vs 
0.30 ± 0.13; P = .03). The delta of DVA loss was comparable 
between groups (Table 1).

Epidemiological, Clinical, and Vestibular 
Comparison of G1 and G2 at M3

Baseline patient characteristics.  Fifteen patients were including 
à M3. A total of 53.3% were female. The vestibular neurotomy 
was on the left side for 53.3% of patients. The vestibular eval-
uation was done at 4 ± 1 months. The mean age was 
59.3 ± 13 years for this population. Most of patients were driv-
ing (73.3%) or had resumed their usual and/or professional 
activities with self-vestibular rehabilitation (86.7%). Vertigi-
nous attacks in Meniere’s disease never recurred.

None of the patients had complete loss of vestibular func-
tion at preoperative evaluation.

The preoperative spontaneous nystagmus velocity was 
1.02 ± 2.91°/second; the mean gain on kinetic tests was 
0.71 ± 0.3 and the preponderance was 4.46 ± 3.69°/second. 
The caloric preoperative threshold was normal at the contra-
lateral side of the surgery and lowered on the ipsilateral side.

Preoperative VOR gain obtained at vHIT for each of the 
SCCs was normal on the ipsilateral side (respectively for ante-
rior/lateral/posterior SCC: 0.89 ± 0.21, 0.84 ± 0.21, 0.82 ± 0.21) 
and on the contralateral side (respectively for anterior/lateral/
posterior SCC: 1 ± 0.23, 0.93 ± 0.2, 0.86 ± 0.21). Preoperative 
DVA loss was also normal on the ipsilateral (0.13 ± 0.11 

logMAR) and contralateral side (0.08 ± 0.12 logMAR) of the 
surgery. We observed that it was slightly lower in the downward 
gaze (0.20 ± 0.19 logMAR).

After the surgery, the postoperative spontaneous nystag-
mus velocity was not significantly higher than the preopera-
tive velocity (1.65 ± 1.29 vs 1.02 ± 1.29; P = .22) at M3. The 
VOR gain at vHIT was also significantly decreased on the 
affected side on the anterior SCC (0.89 ± 0.21 vs 0.36 ± 0.2), 
the lateral SCC (0.84 ± 0.21 vs 0.07 ± 0.14), and the poste-
rior one (0.82 ± 0.21 vs 0.32 ± 0.17); P < .05 for each. We 
also observed a slightly decreased gain for each contralateral 
SCC (for anterior SCC 1 ± 0.23 vs 0.84 ± 0.10; for lateral 
SCC 0.93 ± 0.2 vs 0.84 ± 0.14; for posterior SCC 0.86 ± 0.21 
vs 0.60 ± 0.22; P < .05 for each).

Pre- and postoperative comparison characteristics of the G1 group 
and the G2 group.  At M3, 9 patients (60%) spontaneously 
reported the presence of oscillopsia at M3 (G1) with a mean 
OSQ that was statistically higher than the G2 OSQ (2.10 ± 0.63 
vs 1.24 ± 0.28; P < .05).

There were no statistical clinical or epidemiological differ-
ences between the 2 groups. We observed that the visual cor-
rection was more frequent in G1(n = 7, 77.8%) than in G2 
(n = 1, 16.7%) and the resumption of normal professional and/
or daily activities was comparable and very high (G1: 88.9%; 
G2: 83.3%; P = .76). A total of 50% of G2 patients had resumed 
driving before M3, whereas 100% G1 patients had already 
resumed driving.

The contralateral preoperative VOR gain of SCC lateral to 
vHIT was significantly higher in the G1 group (0.98 ± 0.04 vs 
0.87 ± 0.09; P = .007). Other homolateral and contralateral 
VOR SCC gain were comparable. There was also no statisti-
cally significant difference in DVA loss before the surgery 
between groups.

After the surgery, at M3, all patients had complete unilat-
eral vestibular loss on the affected side. There was no signifi-
cant difference between G1 and G2 regarding the results of the 
VNG. The velocity of spontaneous nystagmus was compara-
ble (1.52 ± 1.45 vs 1.85 ± 1.12; P = .31) as the gain (respec-
tively 0.53 ± 0.17 vs 0.54 ± 0.23; P = .67) or the preponderance 
(respectively 2.98 ± 1.65 vs 2.75 ± 2.11; P = .19) of kinetic 
tests.

At M3, there was no statistical difference between G1 and 
G2 groups regarding the VOR gain at vHIT on the operated 
side. However, we note that the VOR gain at vHIT of the SCCs 
on the unoperated side were significantly decreased on the 
anterior (0.89 ± 0.11 vs 0.79 ± 0.07; P = .049) and posterior 
SCCs (0.7 ± 0.2 vs 0.47 ± 0.21; P = .049) of the G2 group.

The latency of the covert saccade was not significantly dif-
ferent between group at M3 (136.9 ± 19.51 vs 158.8 ± 25.25; 
P = .14).

At M3, the DVA loss and the delta of DVA loss (pre- and 
postoperative difference) were not significantly difference 
between G1 and G2. We also observed that the scores were 
a little bit higher in the G2 group than in the G1 group 
(Table 2).
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Table 1.  Clinical and Vestibular Comparison Between Patients With and Without Oscillopsia (Group 1/Group 2) at 5 Postoperative Days.

Variable Group 1 (n = 5) Group 2 (n = 8) P value

Sex (male/female) 2/3 (40%/60%) 4/4 (50%/50%) 1

Mean age (y) 50 ± 13 62 ± 13 .04*

Dominant hand (right/left) 5/0 (100%/0%) 2/6 (25%/75%) /

HAD anxiety scale 7.2 ± 3.74 7 ± 3.5 .91

HAD depression scale 4.2 ± 2.9 2.5 ± 3.4 .46

Optical correction  

  Progressive glasses 3/5 (60%) 4/8 (50%) 1

  Port all day 3/3 (100%) 4/4 (100%) /

Initial etiology  

  Meniere’s disease 4/5 (80%) 7/8 (87.5%) 1

  Multiples crisis 2/4 (50%) 2/7 (28.6%) .57

  Tumarkin syndrome 2/4 (50%) 5/7 (71.4%) .57

  Others (schwannoma) 1/5 (20%) 1/8 (12.5%) /

Age of the disease (vestibular) 3.13 ± 5.45 3.6 ± 5.3 .70

Neurectomy side (right/left) 2/3 (40%/60%) 5/3 (62.5%/37.5%) .59

Postoperative vertigo attack 2 (40%) 2 (25%) 1

Instability 5 (100%) 6 (75%) /

Disabling nature of instability  

  Little or not disabling 0 (0%) 6 (75%) /

  Quite disabling 3 (60%) 1 (12.5%) .21

  Disabling 1 (20%) 1 (12.5%) /

  Very disabling 1 (20%) 0 (0%) /

Oscillopsia 5 (100%) 0 (0%) /

Instability + oscillopsia 5 (100%) 0 (0%) /

OSQ (mean) 2.68 ± 1.03 1.23 ± 1.03 .03*

Disabling nature of oscillopsia  

  Little or not disabling 1 (20%) 0 (0%) /

  Quite disabling 3 (60%) 0 (0%) /

  Disabling 0 (0%) 0 (0%) /

  Very disabling 1 (20%) 0 (0%) /

Spontaneous nystagmus (°/s) (preoperative) 0.56 ± 2.12 1.56 ± 2.12 .4

Spontaneous nystagmus (°/s) (postoperative) 14.1 ± 6.1 8.84 ± 6.1 .16

Kinetic tests (sinusoïde 0.1 Hz) (preoperative)  

  Gain 0.7 ± 0.3 0.66 ± 0.3 .63

  Preponderance (AV) 4.04 ± 3.52 4.83 ± 3.52 .69

Kinetic tests (sinusoïde 0.1 Hz) (postoperative)  

  Gain 0.47 ± 0.23 0.47 ± 0.23 .97

  Preponderance (AV) 14.2 ± 5.78 9.75 ± 5.78 .18

Caloric tests (preoperative)  

  Ipsilateral reflexivity 27.33 9.17 .19

  Contralateral reflexivity 34.64 24.65 .44

  Deficit (%) ipsilateral 26.75 45.42 .04*

(continued)
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Variable Group 1 (n = 5) Group 2 (n = 8) P value

Caloric tests (postoperative) Not performed at J5 Not performed at J5  

vHIT  

  Preoperative VOR gain of ipsilateral SCC  

    Anterior (A) 0.98 ± 0.13 0.88 ± 0.22 .11

    Lateral (L) 0.92 ± 0.15 0.80 ± 0.21 .14

    Posterior (P) 0.95 ± 0.16 0.83 ± 0.22 .07

  Preoperative VOR gain of contralateral SCC  

    Anterior (A) 1 ± 0.28 1 ± 0.28 1

    Lateral (L) 0.98 ± 0.25 0.92 ± 0.25 .08

    Posterior (P) 0.99 ± 0.25 0.87 ± 0.25 .009*

  Postoperative VOR gain of ipsilateral SCC (D5)  

    Anterior (A) 0.34 ± 0.16 0.39 ± 0.16 .63

    Lateral (L) 0.08 ± 0.13 0.07 ± 0.13 .89

    Posterior (P) 0.33 ± 0.14 0.41 ± 0.15 .56

  Postoperative VOR gain of contralateral SCC (D5)  

    Anterior (A) 0.77 ± 0.18 0.75 ± 0.19 .89

    Lateral (L) 0.85 ± 0.15 0.86 ± 0.15 .93

    Posterior (P) 0.64 ± 0.15 0.60 ± 0.15 .74

  First saccade latency 148.8 ± 18.07 154.13 ± 18.07 .69

DVA  

  Preoperative DVA loss  

    Static flash 0.17 ± 0.11 0.11 ± 0.11 .5

    Ipsilateral 0.06 ± 0.12 0.17 ± 0.11 .15

    Contralateral 0.02 ± 0.12 0.11 ± 0.12 .1

    Up 0.05 ± 0.1 0.16 ± 0.1 .07

    Down 0.18 ± 0.2 0.23 ± 1.19 .58

  Postoperative DVA loss (D5)  

    Static flash 0.16 ± 0.1 0.15 ± 0.1 .84

    Ipsilateral 0.31 ± 0.12 0.42 ± 0.12 .06

    Contralateral 0.14 ± 0.13 0.21 ± 0.13 .23

    Up 0.19 ± 0.13 0.30 ± 0.13 .03*

    Down 0.29 ± 0.15 0.36 ± 0.15 .48

  Postoperative delta DVA loss (D5)  

    Ipsilateral −0.24 ± 0.11 −0.20 ± 0.14 .57

    Contralateral −0.13 ± 0.09 −0.08 ± 0.14 .43

    Up −0.14 ± 0.09 −0.1 ± 0.15 .58

    Down −0.11 ± 0.24 −0.07 ± 0.19 .76

DVA losses are expressed in logMAR. Delta DVA loss is (preoperative DVA loss—postoperative DVA loss). Data are expressed as n (%) and mean standard 
deviation unless otherwise indicated.
Abbreviations: °/s, velocity in °/second; AV, absolute value; D5, 5 days; DVA, dynamic visual acuity; HAD, hospital anxiety and depression scale; OSQ, 
Oscillopsia Severity Questionnaire; SCC, semicircular canal; VOR, vestibuloocular reflex; *, statistically significant P value.

Table 1. (continued)
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Table 2.  Clinical and Vestibular Comparison Between Patients With and Without Oscillopsia (Group 1/Group 2) at 3 Postoperative 
Months.

Variable Group 1 (n = 9) Group 2 (n = 6) P value

Sex (male/female) 4/5 (44.4%/55.6%) 3/3 (50%/50%) .05

Mean age (y) 56.11 ± 10.97 62.50 ± 10.37 .34

Dominant hand (R/L) 9/0 (100%/0%) 4/2 (66.7%/33.3%) .06

HAD anxiety scale 8.22 ± 4.02 8.0 ± 2.94 >.99

HAD depression scale 4.00 ± 3.74 3.25 ± 3.95 .90

Optical correction 7 (77.8%) 1 (16.7%) /

  Progressive glasses 7/7 (100%) 1 (16.7%) /

  Port all day 7/7 (100%) 1 (16.7%) /

Initial etiology  

  Meniere’s disease 7 (77.8%) 5 (83.3%) .79

  Multiples crisis 2/7 (28.6%) 2/5 (40%) .68

  Tumarkin syndrome 5/7 (71.4%) 3/5 (60%) .68

  Others (schwannoma) 2 (22.2%) 1 (16.7%) /

Age of the disease (vestibular) 3.19 ± 2.04 7.14 ± 9.09 .54

Neurectomy side (R/L) 4/5 (44.4%/55.6%) 3/3 (50%/50%) .83

Vertigo attack 0 (0%) 0 (0%) /

Instability 7 (77.8%) 5 (83.3%) .79

Disabling nature of instability  

  Little or not disabling 4 (44.4%) 4 (66.7%) .4

  Quite disabling 5 (55.6%) 1 (16.7%) /

  Disabling 0 (0%) 0 (0%) /

  Very disabling 0 (0%) 1 (16.7%) /

OSQ (mean) 2.10 ± 0.63 1.24 ± 0.28 .01*

Disabling nature of oscillopsia  

  Little or not disabling 5 (55.6%) 6 (100%) .06

  Quite disabling 3 (33.3%) 0 (0%) /

  Disabling 1 (11.1%) 0 (0%) /

  Very disabling 0 (0%) 0 (0%) /

Resumption of driving 8 (100%) (n = 8) 3 (50%) .1

Resumption of activities/walking >1 h/d 8 (88.9%) 5 (83.3%) .76

Spontaneous nystagmus (°/s) (preoperative) 0.8 ± 2.06 1.35 ± 2.03 .71

Spontaneous nystagmus (°/s) (postoperative) 1.52 ± 1.45 1.85 ± 1.12 .31

Kinetic tests (sinusoïde 0.1 Hz) (preoperative)  

  Gain 0.78 ± 0.3 0.59 ± 0.31 .22

  Preponderance (AV) 4.2 ± 3.52 4.81 ± 3.5 .8

Kinetic tests (sinusoïde 0.1 Hz) (postoperative)  

  Gain 0.53 ± 0.17 0.54 ± 0.23 .67

  Preponderance (AV) 2.98 ± 1.65 2.75 ± 2.11 .19

Caloric tests (preoperative)  

  Ipsilateral reflexivity 15.84 9.04 .28

  contralateral reflexivity 26.37 26.16 .98

  Deficit (%) ipsilateral 36 46.5 .14

(continued)
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Variable Group 1 (n = 9) Group 2 (n = 6) P value

Caloric tests (postoperative) 8 (100%) (n = 8) 6 (100%) NC

Preoperative vHIT  

  Preoperative VOR gain of ipsilateral SCC  

    Anterior (A) 0.95 ± 0.10 0.82 ± 0.11 .06

    Lateral (L) 0.87 ± 0.11 0.81 ± 0.21 .93

    Posterior (P) 0.85 ± 0.16 0.80 ± 0.20 .40

  Preoperative VOR gain of contralateral SCC  

    Anterior (A) 1.04 ± 0.09 0.94 ± 0.13 .18

    Lateral (L) 0.98 ± 0.04 0.87 ± 0.09 .007*

    Posterior (P) 0.92 ± 0.10 0.79 ± 0.22 .14

Postoperative vHIT  

  Postoperative VOR gain of ipsilateral SCC (M3)  

    Anterior (A) 0.44 ± 0.16 0.25 ± 0.22 .07

    Lateral (L) 0.06 ± 0.13 0.08 ± 0.17 .97

    Posterior (P) 0.38 ± 0.18 0.24 ± 0.13 .26

  Postoperative VOR gain of contralateral SCC (M3)  

    Anterior (A) 0.89 ± 0.11 0.79 ± 0.07 .0496*

    Lateral (L) 0.91 ± 0.09 0.75 ± 0.15 .03

    Posterior (P) 0.7 ± 0.2 0.47 ± 0.21 .0496*

    First saccade latency 136.9 ± 19.51 158.8 ± 25.25 (n = 5) .14

Preoperative DVA  

  Preoperative DVA loss  

    Static flash 0.15 ± 0.12 0.13 ± 0.14 .75

    Ipsilateral 0.10 ± 0.13 0.17 ± 0.06 .15

    Contralateral 0.07 ± 0.11 0.11 ± 0.13 .76

    Up 0.10 ± 0.11 0.16 ± 0.08 .28

    Down 0.18 ± 0.14 0.24 ± 0.25 .71

Postoperative DVA  

  Postoperative DVA loss (M3)  

    Static flash 0.10 ± 0.12 0.13 ± 0.17 .77

    Ipsilateral 0.32 ± 0.14 0.38 ± 0.15 .46

    Contralateral 0.25 ± 0.10 0.35 ± 0.26 .77

    Up 0.24 ± 0.09 0.29 ± 0.22 .11

    Down 0.25 ± 0.12 0.38 ± 0.23 .46

  Postoperative delta DVA loss (M3)

    Ipsilateral −0.22 ± 0.13 −0.21 ± 0.12 .98

    Contralateral −0.18 ± 0.10 −0.24 ± 0.21 .84

    Up −0.14 ± 0.12 −0.24 ± 0.20 .44

    Down −0.07 ± 0.16 −0.14 ± 0.19 .44

DVA losses are expressed in logMAR. Delta DVA loss is (preoperative DVA loss—postoperative DVA loss). Data are expressed as n (%) and mean standard 
deviation unless otherwise indicated.
Abbreviations: °/s, velocity in °/second; AV, absolute value; DVA, dynamic visual acuity; HAD, hospital anxiety and depression scale; L, left; M3, 3 months; 
OSQ, Oscillopsia Severity Questionnaire; R, right; SCC, semicircular canal; VOR, vestibuloocular reflex; *, statistically significant P value.

Table 2. (continued)
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Discussion

Our findings showed that vestibular assessments do not 
explain why there was a difference in the sensation of 
oscillopsia between patients at D5 or M3 after vestibular 
deafferentation. Technically, all patients were operated on 
in the same way, by a single team and without postopera-
tive complications.

On the vestibular level, unlike other publications based on 
models with potentially incomplete or even reversible deaf-
ferentation (vestibular neuritis),15,16 vestibular neurotomy 
induces a complete, unilateral, irreversible,17,18 clinically 
effective (total disappearance of Meniere’s attacks19), and 
homogeneous complete vestibular loss between all patients. In 
accordance with the literature,6,7,11,20 the postoperative VOR 
gain of deafferented SCCs was collapsed and comparable 
between G1 and G2 at D5/M3. Passive rotations ipsilateral to 
surgery result in greater loss of VOR gain. The other postop-
erative vestibular explorations showed no difference between 
groups. Our model therefore does not include any partial deaf-
ferentation and does not generate a bias explaining the differ-
ence in the sensation of oscillopsia.

Concerning the preoperative vestibular state, no oscillopsia 
sensation was reported. On the affected side, preoperative 
VOR gains and mean DVA losses were normal and compara-
ble to healthy patients.4,7,21-23 There was no difference between 
groups. On the contralateral side of the operation, the finding 
was identical except for the posterior SCC at D5 and the lat-
eral SCC at M3, where the VOR gain of G2 was lower. It 
seems unlikely that this difference could explain the oscillop-
sia sensations between G1 and G2. The lateral SCC encodes 
horizontal information and the oscillopsia is more related to 
vertical movement. The posterior SCC VOR gain at M3 was 
comparable between groups. Moreover, the preoperative DVA 
values were comparable between groups of the operated and 
contralateral sides, which excludes the presence of a preopera-
tive unconscious compensatory mechanism of the DVA limit-
ing the oscillopsia sensations. We note that there was a 
decrease in postoperative VOR gains on the contralateral SCC 
and an increase in contralateral DVA loss. This is the postop-
erative push-pull effect20,24,25: the VOR gain at the vHIT of a 
normal SCC always corresponds to the gain of the tested chan-
nel and a small part of the contralateral channels. It is therefore 
logical to have a decrease in gain after vestibular neurotomy 
on the nonaffected side. It seems to be higher in G2 than G1. 
The contralateral vestibule and its postoperative push-pull 
function are therefore not involved in the difference in oscil-
lopsia sensation. The group with the best contralateral VOR 
gains was the one with the most oscillopsia sensation at M3.

Concerning the VOR gain to the vHIT, the compensation 
system relies on the appearance of catch-up ocular saccades 
triggered during (covert saccade) and after (overt saccade) the 
rapid head movements of the deafferented side. These catch-
up saccades limit eye position errors and improve dynamic 
visual performance.26-29 It was possible to compare the charac-
teristics of saccades between patients because the vHIT sys-
tem only records them from a minimum head movement 

velocity (minimum velocity 200°/second, maximum velocity 
250°/second and acceleration 3000°/second). They appeared 
in both groups (G1/G2) at D5/M3 without any significant  
difference in their latencies (148.8 ± 18.07 ms vs 154.13 ±  
18.07 ms and 136.9 ± 19.51 ms vs 158.8 ± 25.25 ms, respec-
tively). Their values are consistent with the literature.5,30 This 
equivalent process between G1 and G2, does not explain the 
difference in oscillopsia sensation experienced. One hypothe-
sis concerning the catch-up saccades would be related to the 
patient’s ability to calibrate his saccade in advance because of 
the knowledge of the expected final position. These central 
mechanisms could lead to a decrease in the sensation of spon-
taneous oscillopsia despite a large loss of DVA.11,20,31,32

No difference was demonstrated between groups regarding 
the loss of DVA or the delta of postoperative loss on the both 
side at D5/M3. The loss of DVA does not explain the differ-
ence in oscillopsia felt, especially since the patients with the 
least discomfort were those with the most DVA loss (nonsig-
nificant difference). This result is counter-intuitive but shared 
by other authors who find no correlation between severity of 
oscillopsia and the degree of DVA loss.9,11,30 One explanation 
is thought to be related to the conditions under which DVA 
was assessed.24,33 In daily life, patients are constantly making 
active vertical head movements. The assessment of the DVA 
is based on passive, horizontal, and unpredictable movements 
of the head. These movements are useful in the diagnosis of 
vestibular loss20 because they sensitize the loss of DVA. 
Regarding active vertical movements, there is an inverse cor-
relation between the spontaneous complaint of oscillopsia 
and the measured DVA loss in case of unilateral or bilateral 
vestibular loss. This finding is likely related to a central adap-
tation strategy that would increase tolerance to retinal slip 
during active movement by altering cortical perception or 
suppressing visual perception of movement to reduce the 
impact of oscillopsia and visual blur.11,33,34 This hypothesis is 
supported by the decrease in retinal slip during active move-
ment. This hypothesis is supported by the decrease in visual 
cortex activity on functional MRI after uni/bilateral complete 
vestibular loss35 and by the observation of oculocephalic 
coordination disorders during oculomotor paresis inducing a 
dissociation between retinal gliding and oscillopsia.29,36,37 A 
second hypothesis would be related to head stabilization by 
vestibulocolic reflexes generated by the saccules and vertical 
SCCs (medial vestibulospinal pathway). However, the unilat-
eral saccular deficit is not very symptomatic and the VOR 
gains of the vertical channels are less deficient than those of 
the horizontal channels because of the co-activation of ago-
nists combined with the push-pull effect. Moreover, saccular 
function is not assessed by the vertical DVA, which tests the 
stabilization of the head and not the eyes. The third hypothe-
sis would be behavioral, as patients avoid any visual focusing 
task while walking to avoid oscillopsia.

DVA measurement, unlike vHIT, evolves over time and 
improves with vestibular compensation5,38 especially if it is 
early.39,40 Vestibular rehabilitation seems to be the main factor 
by promoting the use of centrally preprogrammed eye move-
ments and thus replacing the VOR gain.11,22,41,42 The DVA 
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measurements at M3 between G1 and G2 were comparable 
although none of the patients included had received vestibular 
rehabilitation, the patients doing self-rehabilitation. The DVA 
measurement is therefore not a marker to explain the sensation 
of oscillopsia.

Proprioception can be altered by cervical disorders or by 
muscle fatigue. The weight of the latter may increase after sur-
gery and generate an impact on gaze stability, on the DVA and 
thus on the perception of oscillopsia.43 However, this process 
is probably in the minority because oscillopsia was experi-
enced immediately after surgery. This is too early for the daily 
physiological cervical movements that generate oscillopsia to 
have been reset.

Clinically, the age of our patients is comparable at M3 
but not at D5. At D5, the youngest patients spontaneously 
felt oscillopsias the most. It is well known that vestibular 
performance declines with age (especially after 75 years) 
and that DVA fluctuates. Therefore, age does not seem to be 
a factor in explaining differences in the sensation of chronic 
oscillopsia.

On visual level, the wearing of progressive lenses could be 
an explanatory factor. Many patients wearing them com-
plained of oscillopsia. These lenses require a high capacity to 
modulate the gain according to the height of the eyes, indepen-
dently of any deficit. The compensation time for these patients 
may be prolonged and the oscillopsia may persist.44

The definition of oscillopsia is difficult to differentiate 
from instability (77.8% in G1, 83.3% in G2), especially since 
these 2 symptoms can be added.10 Patients may overlook oscil-
lopsia in favor of instability. To take this factor into account, 
our patients completed a validated questionnaire9 on oscillop-
sia and its impact (OSQ). The higher the score, the greater the 
activity restriction, the severity, and the frequency of oscillop-
sia.10 The OSQ was statistically higher in G1, showing the 
impact of oscillopsia in these patients. However, this score 
was much lower than in bilateral complete vestibular loss sug-
gesting that a normal contralateral VOR gain reduces the 
severity of oscillopsia.9,10 This is the case in our population 
where contralateral VOR gains were normal. The asymmetry 
of the VOR gain on the posterior SCC at D5 or lateral SCC at 
M3 has no impact because patients with oscillopsia have better 
contralateral VOR gain at VHIT.

If the difference experienced by the patients is not explained 
by the surgical technique, by a partial deafferentation, by a 
contralateral vestibular impairment, by the compensatory pro-
cesses, by the characteristics of the population studied, an 
alternative process must exist. A rapid reorganization of the 
neuronal circuits could occur as early as the fourth postopera-
tive day. This is a hypothesis without any known scientific 
basis because all the patients describe this precise delay to see 
their sensations improve significantly. An earlier evaluation of 
the patients remains difficult but could provide answers to this 
difference in sensation. An in vivo study of these sensations 
for each patient could also provide answers to the differences 
in sensation and better orient the management of these patients.

Our study has weaknesses because it is retrospective, mono-
centric, on a small population. Otholitic tests such as cervical 
vestibular evoked myogenic potential, ocular vestibular evoked 
myogenic potential, and vertical subjective visual evoked 
potentials were not performed, so we cannot be sure that the 
vestibular loss is complete. However, in our experience, when 
the neurotomy is incomplete, residual fibers are always close to 
the cochlear nerve. In this situation, the residual vestibular 
function is always that of the inferior vestibular nerve. This 
finding is probably related to a tonotopic distribution of ves-
tibular frequencies in the vestibular nerve as in the cochlear 
nerve. In this situation, the VOR gain (vHIT) of the posterior 
SCC persists and the patient often experiences in the weeks 
following surgery signs suggestive of BPPV (Benign paroxys-
mal positional vertigo) on the posterior SCC. These signs are 
often associated with positional nystagmus on videonystag-
moscopy. In our study, the gain of the posterior SCC was sys-
tematically collapsed which seems to confirm that the vestibular 
loss was complete and that the otholitic efferences are severed. 
Our results can be extrapolated to all patients with complete 
unilateral vestibular loss such as complete vestibular neuritis, 
translabyrinthine fracture, operated Meniere’s disease, or oper-
ated vestibular schwannoma.

Conclusion

The results of this cohort support that spontaneous complaints 
of oscillopsia D5 or M3 after complete unilateral vestibular 
loss are not explained by VOR gain (vHIT) measurement or 
DVA loss. There is also no epidemiological or clinical reason 
to explain why some patients are disabled and others are not. 
These results suggest that it is necessary to study patients in 
real conditions to identify independent factors that could 
explain this oscillopsia sensation (central compensation, head 
stability, disease experience, anxiety state, etc).
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