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OBJECTIVES: This study aimed to understand if videos of the patients’ nystagmus recorded by themselves during the attacks can help in the
diagnosis of Meniere’s disease (MD).

MATERIALS and METHODS: Sixty patients (age range 32-78 years) who had vestibular attacks and hearing complaints admitted to Cukurova Uni-
versity Hospital Otolaryngology Department and a private office between September 2013 and January 2017 were included in this randomized
clinical trial study. Two groups with 30 patients each were formed. The first group was asked to send eye-videos recorded during the attack, while
the patients in the second group were followed with conventional methods. Twenty-six patients in the first group were able to send satisfactory
eye movement videos; four patients were excluded due to repeated recording faults. Twenty-seven patients in the second group could be fol-
lowed; three patients were lost to follow-up. The number of attacks and time needed to diagnose both groups were compared.

RESULTS: The video group could be diagnosed in a shorter period compared to the control group. The diagnosis was made within two attacks (38
days) in the video group and within four attacks (92 days) in the control group.

CONCLUSION: This study shows that cell phone camera recordings of nystagmus of the patients are very helpful to diagnose MD. These record-
ings can also be used as an adjunct to understand the pathophysiology of the disease.
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INTRODUCTION

Meniere's disease (MD) is one of the common disorders of the inner ear and vestibular system. Its major symptoms are episodic
vertigo, fluctuating hearing loss, tinnitus, and aural fullness "’ Natural history of the disease is characterized by variable periods of
exacerbation and remission of symptoms. Treatment of MD includes many drugs including diuretics, betahistine, and even antide-
pressives 23],

The American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) developed a specific guideline for the diagnosis of
MD in 1995 ¥. These guidelines had been used in MD as diagnostic criteria for many years; in 2015, Equilibrium Committee revised
the 1995 AAO-HNS Guidelines for the Definition of MD due to some difficulties in clinical practice 9.,

In spite of the guidelines and improvements in vestibular tests, diagnosis of MD is a challenge. Vertigo is a major symptom in di-
agnosis of MD, but it's a subjective symptom based on patient’s statement. The only objective finding of vertigo is nystagmus; so
evaluation of nystagmus during attacks is essential in diagnosis of MD. Nystagmus is an objective finding that is always present
during vertiginous attacks . Videonystagmography devices are very useful to record and evaluate nystagmus, but most of the
patients cannot attend a clinic during their vertigo attacks. Accordingly, nystagmus cannot be evaluated during the attacks, but it
is probably the most important diagnostic criterion for this disorder. This situation is a challenge in diagnosis and treatment of pa-
tients with MD. Recording of nystagmus during the attack can be a very useful adjunct not only in diagnosis but also in brightening

the pathophysiology of the disease.
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These days, most of the population have access to mobile phones.
We thought that patients or accompanying people could use their
mobile phone cameras to record the nystagmus during attacks and
share the recordings with their doctors. Accordingly, physicians can
use these data to evaluate patients more accurately.

In many patients, the diagnosis of MD is based on history, but mostly
the descriptions of the patients are not satisfactory. This study aimed
to understand if videos of the eye movements recorded during the at-
tacks can help in the diagnosis of MD. Some of these recordings were
also used for a discussion on the physiopathology of the disease.

MATERIALS AND METHODS
Sixty patients with similar ages and gender who had vestibular com-
plaints and hearing loss admitted to Cukurova University Hospital

Table 1. Age, sex, number of attacks till diagnosis (attacks needed)/(total
number of videos), days needed for diagnosis (time), the direction of
nystagmuses (direction), and the diagnosis of the patients in the video
group are listed

Attacks
Patient Age Sex needed Time Direction Diagnosis
1 64 Male 2/(30) 12 Both Meniere
2 33 Male 2/(3) 45 Both Meniere
3 35 Female -/(2) - - Migraine
4 46  Female 2 50 Contralateral Meniere
5 52 Male 2 38 Ipsilateral Meniere
6 64 Male 2 61 Contralateral Meniere
7 50 Female -/(3) - - Anxiety
8 62 Male 2 31 Contralateral Meniere
9 41 Female -/(4) - - Migraine
10 39 Female 2 28 Ipsilateral Meniere
1 75 Female 2 54 Contralateral Meniere
12 42 Male 2 27 Ipsilateral Meniere
13 51  Female 2 29 Contralateral Meniere
14 61 Male -/(5) - - Anxiety
15 70 Male 2 32 Contralateral Meniere
16 52  Female 2 50 Ipsilateral Meniere
17 56 Male 2 1 Contralateral Meniere
18 40  Female 2 82 Both Meniere
19 39 Male 2 30 Contralateral Meniere
20 34 Male 2 45 Contralateral Meniere
21 61 Male 2 26 Ipsilateral Meniere
22 57  Female 2 33 Contralateral Meniere
23 42 Female -/(3) - - Migraine
24 39 Female 2 57 Contralateral Meniere
25 41 Male 2 30 Contralateral Meniere
26 60 Male 2 71 Contralateral Meniere
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Otolaryngology Department and a private office between Septem-
ber 2013 and January 2017 were included in this study. The local
ethics committee of the Cukurova University School of Medicine ap-
proved the study. Informed consent was obtained from all patients.
All patients underwent a comprehensive otoneurologic examina-
tion, and audiological and audiovestibular tests. Magnetic resonance
imaging was also obtained to rule out other identifiable causes for
their complaints. Otomicroscopy and tympanometry were observed
as normal in all subjects. Patients with known MD were not included
in the study. All patients had sensorineural hearing loss; the average
loss was 35 dB (25-70 dB). The hearing loss was bilateral in two cases.
Two groups with 30 patients were formed totaling 60 patients. The
first group of patients was asked to send their eye-videos record-
ed during the attack; and the second group of patients, the control
group, was followed through conventional methods. All video re-
cordings were assessed by the same experienced otolaryngologist
according to 1- horizontal, vertical, or rotatory and 2- beating left or
right. Patients in the video group were also asked to determine the
direction of their vertigo during the Meniere’s attacks. If the spinning
feeling of vertigo changes direction, they were asked to record again.

Twenty-six patients in the first group were able to send satisfactory
eye movement videos; four patients were excluded due to repeat-
ed recording problems. Twenty-seven patients in the second group
could be followed with conventional methods; three patients were
lost to follow-up. There were 26 patients (14 males and 12 females) in
the video group with a mean age of 50.2 (between 35 and 75) years.
The control group consisted of 27 patients (14 males and 13 females)
with a mean age of 48.8 (between 32 and 78) years. The data of both
groups are listed in Tables 1 and 2.

In the video group, patients or their relatives were asked to record
their eye movements during the attacks while looking midline, 30
degrees right, and 30 degrees left. The recording duration was 20 s
per each position totaling 60 s. Total number of attacks needed to
diagnose definite MD was evaluated in both groups. Because the fre-
quency of attacks in MD can vary widely, the number of attacks the
patient had until the diagnosis was accepted to be the criterion while
comparing both groups. This was based on the assumption that a
time unit such as days would be misleading in the comparison of the
time needed for diagnosis between the two groups because of the
unpredictable time course of the disease. The diagnosis can be said
to be faster in patients who could be diagnosed with fewer attacks.
The time required to diagnose the patient was also noted.

This study aimed to prove that patients followed with video records
could be diagnosed in a shorter period when compared to the con-
trol group. The number of vertigo attacks till the diagnosis of MD was
compared in two groups.

Statistical Analysis

All analyses were performed using the The Statistical Package for
the Social Sciences (SPSS) Version 20.0 (IBM Corp.; Armonk, NY, USA)
statistical software package. Categorical variables were expressed as
numbers and percentages, whereas continuous variables were sum-
marized as mean and standard deviation. Chi-square test was used
to compare categorical variables between the groups. For compari-
son of age and the duration needed for the diagnosis between two
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groups, the Student’s t-test was used. The statistical level of signifi-
cance for all tests was considered to be 0.05.

RESULTS

In total, 88 satisfactory video recordings during Meniere’s attack were
evaluated from 26 cases in the video group. Horizontal nystagmus was
observed in 71 videos (21 cases), and no nystagmus was present in 17
videos (five cases). There was no obvious rotatory or vertical nystag-
mus seen in the recordings though two or three downbeating vertical
nystagmus were seen while the patients were looking absentminded
and unfocused. The directions of nystagmus were toward the healthy
ear (contralateral) in 13 cases, toward the diseased ear (ipsilateral) in
five cases, and to both sides (changed direction) in three cases. If more
than one video were sent in the same attack, they were considered
as one recording. The 17 videos without nystagmus belonged to five
cases who were requested to send more recordings due to absence of

Table 2. Age, sex, number of attacks till diagnosis (attacks needed), days
needed for diagnosis (time), and the diagnosis of the patients in the video
group are listed

Patient  Age Sex Attacks needed Time Diagnosis
1 54 Male 6 64 Meniere
2 44 Male 4 103 Meniere
3 39 Female 6 100 Meniere
4 54 Female 5 125 Meniere
5 41 Male 5 118 Meniere
6 78 Male 3 130 Meniere
7 51 Female - - Migraine
8 42 Male 4 99 Meniere
9 49 Female 5 1M Meniere
10 55 Female 3 86 Meniere
1 64 Female 2 78 Meniere
12 70 Male - - Migraine
13 42 Female 5 120 Meniere
14 59 Male 4 111 Meniere
15 61 Male 4 110 Meniere
16 48 Female 2 920 Meniere
17 40 Male 5 139 Meniere
18 40 Female 5 89 Meniere
19 46 Male 2 92 Meniere
20 32 Male 4 78 Meniere
21 55 Male 5 85 Meniere
22 67 Female 2 92 Meniere
23 44 Female 4 80 Meniere
24 38 Female 5 100 Meniere
25 43 Male 6 87 Meniere
26 51 Male 6 160 Meniere
27 67 Female 5 99 Meniere

nystagmus. After consultation with neurology and psychiatry depart-
ments, two of the cases were diagnosed with anxiety and the other
three were diagnosed with migraine. Of the 26 cases with video re-
cordings, 21 had a diagnosis of MD within two episodes (mean 40.1
days) (Table 3). Apart from the 17 videos of five cases, one patient sent
3 videos and one patient sent 30 videos (due to direction change in
vertigo feeling) in the video group. The nystagmus report of these two
patients is listed below to help discussion on pathophysiology of MD.

Patient 1: A 64-year-old male patient with right-sided hearing loss
had 30 attacks in five months. All his nystagmus were toward right
at the first month, ninth attack was very hard, and the tenth attack
had a nystagmus toward left. Following 20 days, he had nine attacks
all with nystagmus beating left. He had side reversal at the 20* and
21t attacks. At the 20™ attack, the nystagmus was toward left at be-
ginning and changed direction toward right at the end, he confirmed
that the side reversal of his turning sensation happened for the first
time during the same attack. The nystagmus was again toward left
at the beginning and reversed to right at the 21 attack. The beating
side of nystagmus in the following attacks were as follows; 22" and
23" to left, 24" to 26™ to right, and 27" to 30" to left. No direction
change was observed during these last ten attacks.

Patient 2: A 33-year-old male with left-sided hearing loss sent three
videos. He had two attacks in two months with nystagmus beating to
right the third attack occurred one month later with nystagmus beat-
ing right for four hours and changed direction to left and lasted for 45
min, following this nystagmus the patient declared he felt very well.

In 27 cases without video recordings, a mean of 4.04 vertigo attacks
(2-9 episodes) were needed to diagnose the patient according to
patients’ descriptions, histories, or otoneurological examination per-
formed at various centers at the time of seizure (Table 3). The average
duration of diagnosis in this patient group was 101.8 days. All the
patients except two (diagnosed with migraine) in this group were di-
agnosed to have MD though 21 of 26 cases were diagnosed with MD
in the video group. This change may be due to over diagnose in the
control group (Table 4).

Table 3. The gender, age, number of attacks, and time needed to diagnose
in both groups

Video group Conventionale
(n=21) group (n=25) p

Gender Female/Male 8/13 12/13 0.500
Age-Mean+SD 51.3+12.3 50.1+11.1 0.737
Number of attack needed

2 21 (100%) 4 (16%)

3 0 (0%) 2 (8%)

4 0 (0%) 6 (24%) <0.001

5 0 (0%) 9 (36%)

6 0 (0%) 4 (16%)
Time needed for
the diagnosis (day) -
mean+SD 40.1+18.1 101.8+21.6 <0.001

(Only patients with a diagnosis of Meniere’s disease in both groups.)



Table 4. The gender, age, number of attacks, and time needed to diagnose
in both groups

Video group Conventionale
(n=21) group (n=25) p
Gender Female/Male 12/14 13/14 0.999
Age-Mean+SD 50.2+11.9 50.9+11.4 0.838

Diagnosis — n (%)

Meniere 21 (80.8%) 25 (92.6%)
Anxiety 2(7.7%) 0 (0%) 0.192
Migraine 3(11.5%) 2 (7.4%)
Diagnosis — n (%)
Meniere 21 (80.8%) 25 (92.6%)
0.250
Not Meniere 5(19.2%) 2 (7.4%)

Figure 1.The cupula of the ampulla of lateral semicircular canal is perpendicular
to the vectorial force of pressure coming from endolymphatic sinus during Me-
niere’s attack as seen in Figure 1 (arrow). This force may deviate the cupula away
from the utriculus and lead to a contralateral horizontal nystagmus. This vectori-
al position of cupula of lateral canal ampulla seen in Figure 1 (contrary to superi-
or and posterior canal) may explain the horizontal nystagmus seen in our cases.

Figure 2. The hair cells on opposite sides of the striola in utriculus have op-
posing morphological polarizations. Accordingly, the pressure coming acute-
ly from endolymphatic system may affect the hair cells in utriculus and lead to
horizontal nystagmus with a direction decided by the involved utricular hair
cells and can have a direction to both sides.
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As a result, the video group could be diagnosed in a shorter period
compared to the control group concerning the number of attacks.
The diagnosis was made within two attacks with a mean of 40.1 days
in the video group and within four (mean 4.28) attacks with a mean
of 101.8 days in the control group (p<0.001) (Table 3).

The data of both groups are listed in Tables 1 and 2.

DISCUSSION

The diagnosis of MD is dependent on hearing loss, details of the ver-
tigo attack, and excluding other pathologies . Though many tests
can be used as an adjunct to diagnose patients with MD, examining
the patient during the attack is more valuable ®'¢, However, it is dif-
ficult to see the patient during vertigo attack. On the other hand, ac-
cepting the patient’s subjective vertigo complaints may mislead the
physician and may prolong the diagnosis process. The most import-
ant examination during a vertigo attack is nystagmus, which can be
recorded and shared by mobile phone cameras. Apart from helping
diagnosis, camera recordings may provide very important informa-
tion concerning the nature of the disease.

Our study has shown clearly that diagnosis of patients with objective
documentation of vertigo during the attack with a camera is more
accurate and faster than the diagnosis based on subjective patient
discourse. As far as we know, this is the first study demonstrating the
utility of cell phone camera to make a diagnosis of MD.

Another result of this study is that the diagnosis of recurrent vertigo
with hearing loss is not always, but most likely is MD. Of 27 patients
in the control group, 25 were diagnosed with MD, while of 26 cases in
the video group, only 21 were diagnosed with MD. This finding may be
due to the over diagnosis of patients whose vertigo complaints were
thought to be due to hydrops as the patient had hearing loss. This find-
ing supports our suggestion of recording the eye movements during
the attack and uncertainty of vertigo history of the patient.

Nystagmus data of two cases are presented in the results as an ad-
junct to propose that these video recordings can be useful while dis-
cussing the pathophysiology of MD. These results are preliminary to
support the idea that cell phone cameras can help to understand the
nature of the disease.

Three periods of Meniere’s attack have been shown: an initial short
“irritative” phase beating toward the diseased ear, then toward the
healthy ear“paralytic” phase, and at the end “recovery” phase beating
toward the diseased side again. This classic triad was not seen among
our cases. We did not notice any irritative nystagmus, may it be due
to the fact that this period is very short or patients aren’t able to feel
it. We have noticed direction-changing nystagmus during three at-
tacks; these nystagmus are compatible with the names paralytic and
recovery in our cases because all nystagmus were toward the healthy
ear at the beginning (paralytic) and changed to the diseased ear at
the end (recovery). Also, patients declared that the recovery period
was shorter, and they felt much better after this direction changing
when compared to unidirectional attacks.

Nystagmus in attacks without direction change were sometimes to-
ward the healthy ear (paralytic) or toward the diseased ear (irritative
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or recovery). We think it is irrational to dub these attacks as irritative,
paralytic, or recovery. During irritative and recovery nystagmus, ipsi-
lateral vestibular nuclei are predominant; and during paralytic nys-
tagmus, contralateral vestibular nuclei are predominant. Defining
nystagmus in MD using the names ipsilateral (toward the diseased
ear) or contralateral (toward the healthy ear) seems more logical.

To classify a nystagmus as paralytic, one needs to show a VOR reduc-
tion during the attack. The reduction of the VOR during Meniere’s
attack has been shown during the paralytic phase of nystagmusin a
study ', and this is a strong evidence for the paralytic phase of this
disease. Though there was also an irritative phase lasting for 5 min
in this case, no VOR recordings were made during this period. In the
recovery period direction of the nystagmus changed toward the
diseased ear for the last 30 min, while VOR values normalized. If a
paralytic nystagmus changes direction at the end of the attack, this
nystagmus can be named recovery. Our patients’ statements about
feeling unusually well after the end of this reversal also support the
entity of recovery nystagmus. As said before, we don’t think that all
nystagmus seen in these videos can be strictly classified into irrita-
tive, paralytic, and recovery. Because some of the nystagmus were
beating toward the diseased ear for the whole attack and such a
long irritative nystagmus is not frequent. We can only say that this
is an ipsilateral nystagmus. In the two cases that were presented
in our study, all nystagmus that changed direction began toward
the healthy ear and then changed to beat toward the diseased side;
such attacks can be said to be paralytic and recovery. Otherwise, if
any unidirectional nystagmus persists for the entire Meniere’s at-
tack without changing direction, it can be classified as ipsilateral or
contralateral.

We did not observe any irritative nystagmus in our cases, as in some
other studies 1"¥. We can speculate that there is no irritative nystag-
mus during Meniere’s attack by using the mechanical theory, which
was an explanation for hearing loss in endolymphatic hydrops ',
According to this theory, the nystagmus begins toward the healthy
ear (no irritative nystagmus) when endolymphatic hydrops reaches
the cupula of the lateral semicircular canal from the utriculus side,
it will displace the cupula away from the utriculus toward the canal
side, this situation will be detected like an ampullafugal (utriculofu-
gal) flow which will lead to a nystagmus toward the healthy ear and
will be named contralateral (paralytic) nystagmus. The cupula of the
ampulla of lateral semicircular canal is perpendicular to the vectorial
force of pressure coming from endolymphatic sinus during Meniere’s
attack as seen in Figure 1 (arrow). This force may deviate the cupula
away from the utriculus and lead to a contralateral horizontal nystag-
mus. This vectorial position of cupula of lateral canal ampulla seen in
Figure 1 (contrary to superior and posterior canal) may explain the
horizontal nystagmus seen in our cases.

McClure et al. "® showed that nystagmus was toward the healthy ear
(contralateral: paralytic) in most of the attacks and reversed in some.
This seems logical as the hydrops is mostly expected to come from
utricular side, which is more related with endolymphatic duct sys-
tem. Our findings support this thesis; the directions of nystagmus in
our series were toward the healthy ear (contralateral) in 13 cases, and
toward the diseased ear (ipsilateral) in five cases. The hydrops com-
ing from endolymphatic duct will lead to bulging of utricular side

of cupula and will deviate the cupula toward the canalicular side. If
the attack is long enough, later the displacement of utriculus will fin-
ish and the adaptation of central nervous system that tries to equal-
ize the input from both labyrinths to depress the crisis will lead to
a recovery nystagmus beating to the diseased side because of the
centrally accumulated reducing effect on the input coming from the
healthy side. The statements of our two patients support this recov-
ery thesis; they say that reverse of nystagmus happened after heavy
attacks and lasted for about 20 min and they felt well after this re-
versal. This mechanical explanation is in accordance with our cases
and with the cadaveric study by Morito and Paparella ?°\. The unidi-
rectional attacks of our cases with ipsilateral nystagmus (toward the
diseased ear) need more attention; a VOR testing during this crisis is
expected to show that the diseased labyrinth is dominant during this
attack. Funabiki et al." support our idea. They showed that VOR gain
toward the affected side was higher than that toward the intact side
during ipsilateral nystagmus in patients with MD. It is not possible to
explain this ipsilateral nystagmus with a pressure force coming from
the canal side toward the ampulla. We can speculate that these at-
tacks may be due to paradoxical central inhibition of the healthy side
(as in recovery nystagmus) or due to pressure change coming from
endolymphatic sinus and affecting the kinocillia of utriculus (Figure
2). The hair cells on opposite sides of the striola in utriculus have op-
posing morphological polarizations. Accordingly, the pressure com-
ing acutely from endolymphatic system may affect the hair cells in
utriculus and lead to horizontal nystagmus with a direction decided
by the involved utricular hair cells and can have a direction to both
sides. Manzari et al. ?? proposed that unilateral utricular dysfunction
may cause horizontal spontaneous nystagmus.

Some reports support the mechanical theory for vertigo attacks in
Meniere. Brown et al. @investigated the changes in guinea pig peri-
lymphatic space and reported that membrane rupture theory cannot
explain the nystagmus direction as they never witnessed irritative
nystagmus at the beginning of the attacks. They also argue that me-
chanical theory for MD seems more logical. Bill Gibson suggested a
similar hypothetical mechanism for vertigo in MD: The endolymph
flows into the utricle, stretches the cristae of the semicircular canals,
which causes the vertigo 24,

Another fact to consider about this video study is that patients can
define the direction of the vertigo. Otolaryngologists should ask for
the side of the vertigo to the patients. If answered, this information
is a very valuable adjunct for both diagnosis and pathophysiology of
the disease.

CONCLUSION

This study shows that cell phone camera recordings are very help-
ful to diagnose MD. These recordings can also be used to investigate
the nature of the disease. One important issue is that our cases are
patients with early MD, and the discussion of physiopathology is
restricted with early cases; MD physiopathology may change in pa-
tients with a long-term disease. This is a preliminary study to support
the use of cell phone cameras in MD, and the pathophysiologic ideas
will be supported in our prospective studies.
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