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Current and Future Treatments for External Auditory Canal Cancer.
Wu CN, Liu TT, Yang CH, Hwang CF.
International Journal of Head and Neck Science, 4: 78-91, 2019. doi:10.6696/1JHNS.201906_3(2).0002

Eligibility for live, interactive otolaryngology telemedicine: 19-month experience before and during the COVID-19
pandemic in Taiwan.

Wu CN, Luo SD, Lin HC, Huang JT, Lee CH, Liu SY, Tsai MH, Wang CC, Fan S, Wang PS, Lan KC.

Biomed J. 2021 Aug 7:52319-4170(21)00100-1. doi: 10.1016/j.bj.2021.07.012. Epub ahead of print. PMID: 34371224,

Angiotensin Il receptor blockers and oral squamous cell carcinoma survival: A propensity-score-matched cohort study.
Wu CN, Wu SC, Chen WC, Yang YH, Chin JC, Chien CY, Fang FM, Li SH, Luo SD, Chiu TlJ.
PLoS One. 2021 Dec 2;16(12):e0260772. doi: 10.1371/journal.pone.0260772.

Applicability of Oculomotor Tests for Predicting Central Vestibular Disorder Using Principal Component Analysis.
Wu CN, Luo SD, Chen SF, Huang CW, Chiang PL, Hwang CF, Yang CH, Ho CH, Cheng WD, Lin CY, Li YL.
J Pers Med. 2022 Feb 2;12(2):203. doi: 10.3390/jpm12020203.

Clinical Significance of the Neural Response Telemetric Thresholds in Mandarin-speaking Cochlear Implant Patients.
Wu CN, Yang CH, Huang P, Huang YW, Hwang CF.
J Chin Med Assoc. 2022 Mar 9. doi: 10.1097/JCMA.0000000000000707. Epub ahead of print.
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Teqqgi R, et al. Acta Otorhinolaryngologica ltalica . 2016,
Kerber KA, et al. Acad emerg med 2008;15:744-50.




Balance System

Renga V. Clinical Evaluation of Patients
with Vestibular Dysfunction. Neurol Res Int.

2019:3931548.

The REAL Vestibular System

{

U- Utricle
S-Saccule
L-Lateral Nucleus
M-Medial Nucleus
I-Inferior Mucleus

‘Sup-Superior Nucleus

HEe
=% O
~_.f
e
Vestibulocollic tract

HoF )

— Vestibulospinal Tract
= U v
4 | 1
b
CB-Cerebellum
MLF-Medial longitudinal
Fasciculus

MR- Medial Rectus
LE- Lateral Rectus



Less artifacts
Torsional eye movements

Pietkiewicz, Piotr, et al. International journal of occupational
medicine and environmental health 25.1 (2012): 59-65.




Videonystagmography (VNG)

Oculomotor evaluation

Spontaneous nystagmus
Positional / Positioning test
Headshake test

Caloric irrigation test



Videonystagmography (VNG)

Oculomotor evaluation
v' Gaze stability test
v' Saccade evaluation
v' Smooth pursuit tracking

v' Optokinetic test
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Gaze stability test

Central lesion

v Change direction with change in gaze direction
Bi-directional nystagmus
Up-beating nystagmus

SN X

Down-beating nystagmus in any gaze position

Peripheral lesion
v"  Direction fixed
v' Suppressed by visual fixation

Johnson, Jonas. Bailey's head and neck surgery: Otolaryngology. Lippincott Williams & Wilkins, 2013.
Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.
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Central lesion, for localization

v’ Saccade accuracy

Right
Accuracy
15 —— T A % of distance the eye moved in
its first single movement relative
b 1 to the target. 100 % indicates the
10 eye moved the same distance as
; the target.
Hypometria
: | | |
1' FR—— ;Ia, Lesions affecting the Cerebellar
. flocculus, dorsal vermis
=,,_,=¢ gy Hypermetria
10 —— 77
Lesions affecting the Cerebellum
AR = .‘.Iu e p;ﬁ :;5”m F'|3I[I

Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.



Central lesion, for localization

v'  Saccade latency

Right

Latency

15—~ Time between initiation of

target movement and
e initiation of eye movement

>200 ms

Frontal/ frontoparietal
Latoney ol cortex or basal ganglia

[
—

Pt sate s More significant if

-10 —— S B e e : :
I unilateral/asymmetrical

b i - =
=15 —1 L] 15 15 ]

Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.



Central lesion, for localization

v'  Saccade velocity

Right

15 —— PR—

Horizontal Saccades [¥] £
Velocity [*/s]

Velocity

How fast the eyes are
moving from point to point

Slow velocity could be
associated with ...

Supranuclear / brainstem /
basal ganglia lesion, usually
associated with
neurodegenerative disease

(I.e.Parkinson’s)

Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.
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Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.



Smooth pursuit tracking

Central lesion
v Symmetry
(Most sensitive to central vestibular system abnormality)

Smooth pursuit

Bilateral (symmetric)

Unilateral (asymmetric)

Jacobson, Gary P, et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.



Optokinetic test /| OKAN

Central lesion (Brain stem and Cerebellum)
v Symmetry

v' Inversion

Gain [%)
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Jacobson, Gary P., et al. Jacobson GP, Shepard NT. Balance function assessment and management. San Diego: Plural (2008): 27-44.



Table lll. Results of the study of visuo-oculomotor movements.

+ Eye movement

- Eye movement

+ Pursuit

- Pursuit

+ Saccades

- Saccades

Serious + alterations in eye movements

MRI + MRI -
35(32.4%) 52 (48.1%)
7(6.4%) 14 (12.9%)
30 (27.7%) 39 (36.1%)
12 (11.1%) 27 (25.0%)
31 (28.7%) 44 (40.7%)
1(101%) 22 (20.3%)
30 (2? ?%] 33 (30.5%)
2{1 b 33{395m}

Sens.

83.3

7.4

73.8

714

Spec.
21.2

40.9

33.3

50.0

+PF
40.2

434

41.3

47.6

66.6

69.2

66.6

73.3

Diagn. Acc.
45.3

9.7

49.0

68.3

90.0
80.0
70.0
60.0
o, 50.0
- 40.0
30.0
20.0
10.0

@ sensibility
B specificity

pursuit saccades pursuit
and
saccades

(p<0.001)

Fig. 2. Evaluation of sensitivity and specificity with saccades and smooth
pursuit in conjunction compared to single methods.

90.0

80.0 17
70.0 ’
60.0 17
50.0 17|

400
30.0 ’

200 17
100 1

0.0

%

(serious and mild).

(p<0.001)

sensibility specificity accuracy
(p<0.001)

E mild and serious
B serious

Fig. 3. Evaluation of sensitivity, specificity and accuracy of severe altera-
tions in oculomotor movements compared to alterations taken as a whole

Tirelli, G., et al. "Saccades and smooth pursuit eye movements in central vertigo." ACTA otorhinolaryngologica italica 31.2 (2011): 96.



Knowledge Gap and Aim
Single Rater

Subjective interpretation
Rater reliability

Multicollinearity
Regression analysis

G Mankekar, et al. J Laryngol Otol. 2019;133(7):554-559.
Mohamed, E.S, et al. Egypt J Otolaryngol 2016,;32,202—-209




2013/09/01 — 2020/08/31 (n= 103)

Vertigo patients with Oculomotor tests and brain MRI

VNG €= Brain MRIL: < 1 {@H
Brain MRI (Gold Standard):
SRR « B {BERIFIE



Table 1. Demographic and clinical characteristics of the 103 vertigo patients included
in the study

All patients Nonspecific

Variables p value

Median age at diagnosis, 0.794

Gender
Female 65(63.1%) 10(41.7%) 55(69.6%)

Male
Body Mass Index (n=99) 0.339
Median (IQR) 24.0(21.7-25.7) 24.7(22.5-26.6) 23.8(21.7-25.7)
Asymmetric hearing loss (n=85) 0.379
No 71(83.5%) 11(91.7%) 60(82.2%)
Neurologic symptoms *<0.001
No 78(75.7%) 8(33.3%) 70(88.6%)
Yes
Central lesions (MRI) N/A N/A
No 79(76.7%)
Yes 24(23.3%)
Lesion sites (MRI) N/A N/A
Cortical and subcortical 10(38.5%)
Brain stem 10(38.5%)
Cerebellar 5(19.2%)
Skull base 1( 3.8%)
Lesion types (MRI) N/A N/A
Cerebrovascular accident 13(54.2%)
Tumor 9(37.5%)

Inflammation 2( 8.3%)



Medical
History =

in the study

Table 1. Demographic and clinical characteristics of the 103 vertigo patients included

Comorbidities
Diabetes mellitus
No
Yes
Hypertension
No
Yes

Hyperlipidemia
No
Yes
History of CVA
No
Yes
Cardiovascular disease
No
Yes
Accumulated Comorbidities
0
1-2
>3

All patients

n=103

83(80.6%)
20(19.4%)

52(50.5%)
51(49.5%)

66(64.1%)
37(35.9%)

97(94.2%)
6( 5.8%)

98(95.2%)
5( 4.8%)

28(27.2%)
64(62.1%)
11(10.7%)

Central

18(75.0%)
6(25.0%)

10(41.7%)
14(58.3%)

13(54.2%)
11(45.8%)

22(91.7%)
2( 8.3%)

24(100.0%)
0( 0.0%)

5(20.8%)
16(66.7%)
3(12.5%)

Nonspecific

n=79

65(82.3%)
14(17.7%)

42(53.2%)
37(46.8%)

53(67.1%)
26(32.9%)

75(94.9%)
4( 5.1%)

74(93.7%)
5( 6.3%)

23(29.1%)
48(60.8%)
8(10.1%)

p value

0.556

0.323

0.253

0.622

0.588

0.709

Abbreviations: CVA, cerebrovascular accident; IQR, interquartile range; N/A, not

applicable



2013/09/01 — 2020/08/31 (n= 103)

Vertigo patients with Oculomotor tests and brain MRI

Oculomotor Central lesions
applicability study study

Specialist Dr. A Specialist Dr. B

Validity analysis
Reliability analysis



Table 2. Validity and reliability of the oculomotor test interpretations of the two

specialists

Test-retest reliability Inter-rater reliability

Raters | Sensitivity Specificity PPV NPV
Kappa (95% Cl) Kappa (95% Cl)
Dr. A 54.2% 67.1% 33.3% 82.8% 0.669 (0.521-0.817)
0.480 (0.329-0.630)
Dr.B 66.7% 43.0% 26.2% 81.0% 0.571 (0.413-0.729)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value




Table 2. Validity and reliability of the oculomotor test interpretations of the two
specialists

Test-retest reliability Inter-rater reliability

Raters  Sensitivity Specificity PPV
Kappa (95% Cl) Kappa (95% Cl)
Dr. A 54.2% 67.1% 33.3% 0.669 (0.521-0.817)
0.480 (0.329-0.630)
Dr.B 66.7% 43.0% 26.2% 0.571 (0.413-0.729)

i

N
‘—\ll
By

.|.

Abbreviations: NPV, negative predictive value; PPV, positive predictive value

23.3% =~ 25%

Venhovens, J, et al. J. Neurol. 2016, 263, 2151-2157.

Karatas, M, et al. Neurologist 2008, 14, 355-364.




(n= 103)

Oculomotor tests brain MRI

Oculomotor Central lesions
applicability study study

Validity analysis Consistent
Reliability analysis Interpretation (n=75)

Oculomotor applicability analysis



Table 3. Demographic and clinical characteristics of patients whose oculomotor tests

were consistent and inconsistent with the MRI findings

Variables

Median age at diagnosis,
years (IQR)

Male
Body Mass Index
Median (IQR)
Asymmetric hearing loss
No
Yes (> 30 dB loss)
Neurologic symptoms
No
Yes
Central lesions (MRI)
No
Yes
Lesion sites (MRI)
Cortical and subcortical
Brain stem
Cerebellar
Lesion types (MRI)
Cerebrovascular accident
Tumors
Inflammation

Consistent
n=44

55(41.5-63.5)

30(68.2%)
14(31.8%)

23.2(20.6-25.5)

33(86.8%)
5(13.2%)

36(81.4%)
8(18.6%)

34(77.3%)
10(22.7%)

3(27.3%)
6(54.6%)
2(18.1%)

7(70.0%)
3(30.0%)
0( 0.0%)

Inconsistent
n=31

69(52-76)

21(67.7%)
10(32.3%)

24.0(21.8-25.9)

24(88.9%)
3(11.1%)

24(77.4%)
7(22.6%)

26(83.9%)
5(16.1%)

1(20.0%)
1(20.0%)
3(60.0%)

2(40.0%)
1(20.0%)
2(40.0%)

p value

*<0.001

0.378

0.804

0.640

0.478

0.327

0.213



Table 3. Demographic and clinical characteristics of patients whose oculomotor tests
were consistent and inconsistent with the MRI findings (n = 75

Consistent Inconsistent
Variables p value
n=44 n=31
Comorbidities
Diabetes mellitus 0.468
No 37(84.1%) 24(77.4%)
Yes 7(15.9%) 7(22.6%)
Hypertension 0.204
No 25(56.8%) 13(41.9%)
Yes 19(43.2%) 18(58.1%)
N — 7 5 Hyperlipidemia 0.240
— No 30(68.2%) 17(54.8%)
Yes 14(31.8%) 14(45.2%)
History of CVA 0.067
No 43(97.7%) 27(87.1%)
Yes 1( 2.3%) 4(12.9%)
Cardiovascular disease 0.160
No 43(97.7%) 28(90.3%)
Yes 1( 2.3%) 3( 9.7%)

Accumulated

Comorbidities

Accumulated Comorbidities

0
1-2
=3

15(34.1%)
27(61.3%)
2( 4.6%)

3( 9.7%)
23(74.2%)
5(16.1%)

Abbreviations: CVA, cerebrovascular accident; IQR, interquartile range;



<

Table 4. Univariate and multivariate analyses of factors predicting discordance
between the interpretations of oculomotor tests and brain MRI (n = 75)

Variables ~ Univariate p value Multivariate p value ©
I OR ‘95% CII OR ‘95% CII I
— Ade B -
5 - Ss 1 <60years-old (n=34) 1 1 i
i = 60 years-old (n=41) 4.15(1.52-11.34) *0.006 3.09(1.04-9.14) *0.042 b
Gender
Female 1 1
Male 1.02(0.38-2.73) 0.968 0.91(0.30-2.83) 0.877
Body Mass Index (n=74) 1.05(0.94-1.17) 0.407
— Asymmetric hearing loss
— No (n=57) 1
Yes (> 30 dB loss) (n=8) 0.83(0.18-3.79) 0.805
Neurologic symptoms
No 1 1
Yes 1.31(0.42-4.10) 0.640 0.99(0.28-3.56) 0.991
Central lesions (MRI)
No 1

Yes 0.65(0.20-2.15) 0.484



Table 4. Univariate and multivariate analyses of factors predicting discordance
between the interpretations of oculomotor tests and brain MRI (n = 75)

Variables II Univariate p value Multivariate p value ||
¢ OR(95% CI OR (95% ClI |

Comorbidities
Diabetes mellitus

No 1
Yes 1.54(0.48-4.95) 0.467
Hypertension
No 1
Yes 1.82(0.72-4.72) 0.206
— Hyperlipidemia
— No 1
Yes 1.77(0.68-4.56) 0.241
History of CVA
No 1
Yes 6.37(0.68-60.05) 0.106
Cardiovascular disease
No 1
Yes 4.61(0.46-46.54) 0.195

Accumulated Comorbidities

Accumulated E 1 1

1-2 4.26(1.10-16.57) *0.037 2.89(0.65-12.92) 0.164

Comorbld Itles >3 12.50(1.60-97.64) *0.016 8.31(0.96-71.71) 0.054

Abbreviations: CVA, cerebrovascular accident; OR, odds ratio




Table S1. Validity analysis of oculomotor tests according to age and comorbidities in
both raters.

Raters Sensitivity  Specificity PPV
Dr. A
< 60 years-old 60.0% 84.2% 50.0%
> 60 years-old 50.0% 51.2% 25.9%
Age Dr.B
< 60 years-old 60.0% 57.9% 27.3%
= 60 years-old 71.4% 29.3% 25.6%
Raters Sensitivity  Specificity PPV
Dr. A
Comorbidities: 0 40.0% 100.0% 100.0%
Comorbidities: 1,2 62.5% 56.3% 32.3%
Comorbidities: =3 33.3% 37.5% 16.7%
Accumulated . ’ ’ ’
| | [ | [ | r.
Comorbidities JENE—G_—G—G— 0.0% 65.2% 0.0%
Comorbidities: 1,2 87.5% 35.4% 31.1%
Comorbidities: >3 66.7% 25.0% 25.0%

Abbreviations: PPV, positive predictive value



(n= 103)

Oculomotor tests brain MRI

Oculomotor
applicability study

Central lesions
study

Specialist Dr. A
Specialist Dr. B

Oculomotor signals /
central vestibular disorder
analysis



Saccade V

Pursuit H

Table 5. Univariate analysis of oculomotor signals predicting abnormal brain MRI

The “factor score” was calculated via principal component analysis of significantly
predictive tests (n = 103).

Univariate p value
Oculomotor signals
OR (95% ClI)
Saccade
Horizontal
no 1

Vertical
no
yes 3.58(1.29-9.98)
Pursuit
Horizontal
no 1

yes 3.39(1.26-9.09)

Gaze
Horizontal
1
3.06(1.19-7.85)

1
4.72(1.72-12.99)

no 1

yes 1.22(0.44-3.36) 0.707
OKAN

no 1

yes 2.32(0.83-6.48) 0.108




(A) (B)

1.0 -
0.8
20 - 0.6 - Gaze_V
3 . Gaze_H
g 1.5 o N 024
0.0
c S
g’! \ Q. - \\
E 1.0~ 04 \,Sacc;de_v
Pursuit_H
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. ~— 08
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| | |
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Principal component PC1

Oculomotor index =
0.505 Saccade V + 0.519 Pursuit H + 0.515 Gaze H + 0.459 Gaze V




Table 6. Univariate and multivariate analyses of factors predicting abnormal brain

Variables Univariate p value Multivariate p value |
I OR (95% Cl) OR (95% ClI) |
Age
=
< 60 years-old (n=48) 1 1
S CNvinmwvma ~Ald ) 1 Aanincy 277\ Nnco1 N 1IN YN Y O\ N c2n
= OU yt:dlb'UIU \r1=o9) 1.0U\V.0£-0.47) vV.ool1 U./70\V.LU-£.00) V.00 <4
o~ _ __ i _ __
Gender
Female 1 1
[V, Y P 2 791/(1 H2C_0O 72\ XN N1C 2 oCcCiNn 997._0 an) N 1NN
vidic Q.44 \1.£070.£49) v.uio £.00\V.047T.9V) V. 1UvV

Median (IQR) 1.03(0.93-1.15) 0.528
Asymmetric hearing loss (n=85}

No 1

Yes (> 30 dB loss) 0.42(0.05-3.54) 0.425

Neurologic symptoms
No
Yes

1
15.56(5.20-46.56)

1
13.45(4.00-45.12)




— .=
ariables Univariate p value Multivariate p value |

I OR (95% ClI) OR (95% Cl) |

LA Ar v L nd BT TR TR L LA

1

™~
Nw 4

Yes 1.55(0.52-4.60) 0.432

e S b L | TS

No 1
Yes 1.59(0.63-4.00) 0.326
Hyperlipidemia
No 1
Yes 1.73(0.68-4.37) 0.251
History of CVA
No 1
Yes 1.71(0.29-9.94) 0.553
Accumulated Comorbidities
0 1 1
1-2 1.53(0.50-4.70) 0.455 0.56(0.11-2.79) 0.481
>3 1.73(0.33-8.91) 0.515 0.47(0.05-4.44) 0.506

Oculomotor index

Oculomotor e . .

Index > 50% 4.65(1.66-12.99) : 4.59(1.28-16.44)




Discussion

Oculomotor applicability study

v' Moderate reliability > Rater experience

v Elderly, comorbidities > Be careful
v' High PPV - RULE OUT central lesions

Central lesions study

v PCA-> multivariate analysis
v Limitation: no detailed signal description

Jahn, K. Adv Otorhinolaryngol 82 (2019): 143-49.
Ringnér, M. Nat Biotechnol 26, no. 3 (2008): 303-4.
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Oculomotor applicability study

v
M Interpret carefully

Central lesions study
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g Watch out central lesion
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Peripheral Vestibular Disorder

Figure 1 Extracted parameters via the saccadic, kinetic and caloric VNG tests

Caloric Test -
Kinetic Test

Saccadic test
(Right/ Left) Follow

Tarsat
'l‘_._,_i_._._1 l ———————— ‘
Precisio Velocity Reflexitivity Hypovalence Directional Absodlute Directional Gain
n preponderance preponderance preponderance

| | | | | | | |
Extracted features vector




3 MRV IEUE
Gaze —t R (KF/IEH)
Pursuit &l (kF/E5H)
Saccade -k R (kF/EH)

7\ 7B &\ 505 73 M




Fe PRI B0A
o S R =
A

AREF=IEZS=

7\ 7B &\ 505 73 M



Il 4R = 3} RY B RE

ZEGR (ex: SHIERRE )
NEE R AEEEE
/RE Eﬁﬂ’]i%*ﬁg

= A

ZERRVEREIREE
EilEAE




Al 2R = i HY B 5E .

O] = iR EE (59100 )
VNG €~ Brain MRIL: < 1 {E A
Brain MRI: 31848 « S22 FI5E
VNG: 2{uE EER SR BT



RV (EBREE

S — S SR

HEETV B G AR e AR A A R B
FomPEEEEE (640 )

% S ATIEEL

b 1% R MK 0 $R TR B
e EEEASPiEREML

5

)



B sg s MR BN (16 EE/5 1E)

Dr.A  Dr.B  Model
Accuracy 61.9% 47.6% | 76.2%

Sensitivity | 60.0% 100% | 80.0%
Specificity | 62.5% 31.2%| 75.0%

NPV 83.3%| 100% | 92.3%
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Model
Accuracy 69.8%
Sensitivity 83.3%
Specificity 64.5%

NPV 90.9%
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To Be Continued...

Bl E/ERYE (255175 2)
B E/ME > Prospective study UZZEEEGE
— Lo IRIRAVIEE > BEMEZENES

AR
B I S Sk I 78
ESEIERR (SR ITE M) > BB RIE T







