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ABSTRACT
Introduction: Among diagnostic tests evaluating dizzy patients,
caloric test and the head-impulse test (HIT) are important tools in
evaluation of unilateral vestibular hypofunction. Since new video
head-impulse test (vHIT) is introduced, various studies tried to
evaluate the diagnostic value of this system. To evaluate the
lateralization value of vHIT in unilateral vestibulopathy, we
compared its variables with those of a caloric test.

Methods: In total, 19 healthy volunteers and 92 dizzy patients who
underwent both a caloric test and a vHIT were enrolled. Patients
were divided into two groups depending on their fluctuating pattern
of vertigo. The vestibulo-ocular reflex (VOR) gain and gain
asymmetry (GA) of a vHIT, and unilateral weakness (UW) and the
sum of the slow-phase velocities (SPVs) of warm and cold
irrigation of the same side were compared. A cutoff value of VOR
gain of a vHIT was also calculated using a receiver-operating
characteristic curve.

Results: A VOR gain in an affected ear and GA of a vHIT showed a
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statistically significant correlation with UW in a caloric response.
There was a significant correlation between vHIT parameters and a
caloric test in the patients with fluctuating vestibulopathy. Moreover,
the cutoff value of a vHIT was determined to be 0.875, derived
under the assumption that UW of a caloric test equal to or less than
25% is normal.

Conclusions: A VOR gain or GA of a vHIT may be a useful
parameter in evaluating unilateral vestibulopathy. The vHIT can act
as a complementary tool for lateralization of unilateral vestibular
hypofunction.

------------------------------------Keywords: Head-impulse-test, Caloric irrigation, Vertigo,
ROC curve

Student number: 2014-22204
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INTRODUCTION
Several laboratory diagnostic tests have been introduced to demonstrate unilateral vestibular
hypofunction. Among them, the caloric test [1] and the head-impulse test (HIT) [2] are valuable
tools with lateralization value by measuring the vestibulo-ocular reflex (VOR) in response to
horizontal semicircular canal stimulation in the evaluation of dizzy patients. The caloric test is
the gold standard method of demonstrating unilateral or bilateral vestibular hypofunction by
measuring VOR response to ear specific irrigation with warm and cold water. In the HIT, the
presence of delayed refixation saccades is a positive sign of inappropriate VOR when a patient
is instructed to stare straight ahead during a brief, impulse head rotation to the lesion side [2].
Although the HIT is a simple bedside test, it has moderate sensitivity (35-45%) and high
specificity (90%) compared with the caloric test [3]. To increase its sensitivity, a video system
that can follow reflexive eyeball movement during impulse head rotation was introduced,
because such a system can capture very early corrective saccades, so called covert saccades,
during head rotation [4]. Moreover, HIT using a video system showed results comparable to
those using sclera search coils [5].
In this study, parameters of a video-head-impulse test (vHIT) and a bithermal alternating
caloric test were compared in dizzy patients and healthy volunteers to evaluate the role of vHIT
in the lateralization of vestibular impairment.
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MATERIALS AND METHODS
1. Study papulation
This study recruited 92 patients who underwent bithermal caloric tests and vHIT because of
dizziness from May 2012 to June 2013 (47 males; age range, 9 to 87 years, mean age of 55
years). The study population included patients diagnosed with vestibular neuritis (VN),
Ménière’s disease (MD), recurrent vestibulopathy (RV), and bilateral vestibular hypofunction
(BVH), and patients who underwent cerebellopontine angle (CPA) tumor surgery and vestibular
hypofunction after intratympanic gentamicin (ITG) injection. Diagnoses of VN [6], MD [7], RV
[8], and BVH [9] were made based on diagnostic criteria published previously. The patients
who had spontaneous nystagmus were excluded to avoid calibration issue.
Patients with unilateral vestibular hypofunction were divided into two groups according to the
characteristics of their vertigo: a fluctuating and a non-fluctuating group. The fluctuating group
included patients with MD and RV, and the non-fluctuating group included patients with VN,
CPA tumor removal, and ITG injection (Table 1).
Also, 19 healthy volunteers (6 males; age range, 20 to 43 years, mean age of 31.5 years) were
enrolled in the same period. The vHIT and the bithermal caloric tests were performed on the
same day. The study protocol was approved by the Seoul National University Bundang Hospital
Internal Review Board (No. B-1305-202-106).

2. Bithermal caloric test
The bithermal caloric test was performed in the supine position with the upward head flexion of
30 degree [1]. Eye movements were recorded using a binocular video oculography system (IPortal®, Neuro Kinetics Inc., Pittsburgh, USA) to track the horizontal eye movements. Caloric
irrigation was performed using binaural alternate irrigation for 30s with 300 mL of cold (30°C)
and warm (44°C) water (ICS NCI-480®, GN Otometrics, Taastrup, Denmark). There was an
interval of at least 5min between individual irrigations. A unilateral weakness (UW) in the
caloric irrigation was calculated using Jongkees’ formula [1], and a response difference > 25%
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between the ears was defined as abnormal [10]. The sum of a warm and a cold slow-phase
velocity (SPV) in each ear was calculated and used for comparison with a VOR gain on vHIT.

3. Video-head-impulse test
The examinees were instructed to stair a stationary target at a distance of 1m in front of them
while short lasting head rotations around an earth-vertical axis were randomly applied from
behind the examinees. A video oculography system was used for acquisition and analysis of an
eyeball and a head movement (ICS impulse®, GN Otometrics, Taastrup, Denmark). The test was
repeated at least 10 times on each side in an unpredictable direction with 5°-10° and peak
accelerations of 750°-6,000°/sec2 [5, 11]. Only head rotations with a defined waveform were
accepted within a predefined velocity and acceleration window. The vHIT was performed by
one expert technician in our vestibular laboratory. The movements of the right eyeball and the
head were recorded. The area under the velocity curves of those two movements was obtained
from head-impulse onset to the back crossing of zero. A VOR gain on vHIT was defined the
ratio of the area under the velocity curves of the right eye to head [12]. An another parameter, a
gain asymmetry (GA) was defined as follows: GA= |(R-L)/(R+L)|, where R and L indicates the
mean gain values for impulses to the right (R) and left (L) side [13]. The examinees who have
contraindications for head impulses and who were unable to endure fast enough impulses were
excluded in the study.

4. Parameters and statistical analysis
The parameters of each test were assessed for correlations with each other using Spearman’s
correlation analysis with statistical significance of p < 0.05. A receiver-operating characteristic
(ROC) curve was plotted to determine the comparative diagnostic performance of vHIT, based
on the results of the bithermal caloric test. The mean value of UW was also compared
depending on the pattern of reflexive eye movement to impulse head rotation: overt saccades
only, overt and covert saccades, covert saccades only, and intact VOR (Figure 1). Significant
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differences among the groups were evaluated by a post hoc ANOVA. All statistical analyses
were conducted using the same software (SPSS® v22.0, IBM, New York, USA).

4

RESULTS
Comparison of VOR gain on vHIT with sum of peak SPVs in warm and cold irrigation
The results of all ears of the subjects in this study (222 ears of 111 subjects) were plotted
(Figure 2). There was a statistically significant positive correlation between the two parameters
with a correlation coefficient of 0.556 (p < 0.0001). However, the two parameters were not
correlated with each other in healthy volunteers (38 ears of 19 subjects, rho = -0.250, p = 0.130;
Figure 3). The VOR gain on vHIT ranged from 0.86 to 1.22 (mean = 1.064, SD = 0.092), while
the sum of SPVs of warm and cold irrigation ranged from 17 to 83°/s (mean = 41.6, SD = 19.0).
The lower normal value of VOR gain of vHIT was 0.88, which is derived from the mean minus
2 SD of the VOR gain in healthy volunteers. Correlation analyses between the two parameters
were conducted separately in affected and unaffected ears in patients. There was a significant
positive correlation between VOR gain and the sum of SPVs in the affected ears (rho = 0.743, p
< 0.0001; Figure 4A), while the two parameters were not correlated in unaffected ears (rho = 0.002, p = 0.978; Figure 4B).

Correlation analysis of vHIT parameters (VOR gain and GA) with unilateral caloric
weakness in patients
VOR gain of the affected ear on vHIT showed a statistically significant negative correlation
with unilateral weakness (rho = -0.699, p < 0.0001; Figure 5A), and GA on vHIT showed a
significant positive correlation with unilateral weakness on the bithermal caloric test (rho =
0.603, p < 0.0001; Figure 5B). Patients with BVH were excluded from this analysis.

Correlation analysis of vHIT parameters (VOR gain and GA) with unilateral caloric
weakness depending on the nature of vertigo
There was statistically significant negative correlation between the VOR gain of an affected ear,
and UW in the caloric response (rho = -0.560, p < 0.0001; Figure 6A) and positive correlation
between GA of a vHIT and UW in the caloric irrigation in the fluctuating vertigo group
(rho = 0.483, p < 0.0001; Figure 6B). In the non-fluctuating vertigo group, there was similar
5

correlation pattern between those parameters but it was not statistically significant (rho = -0.361,
p =0.070; Figure 7A, rho = 0.331, p = 0.098; Figure 7B).

Diagnostic value of vHIT based on the bithermal caloric test
The diagnostic value of vHIT (lower normal value of VOR gain from the healthy volunteer =
0.88) was evaluated based on the bithermal caloric test result when UW > 25% is considered to
be pathological in patients with unilateral vestibulopathy. The sensitivity, specificity, false
positive rate, and false negative rate were 78.8%, 85.7%, 14.3%, and 21.2%, respectively (Table
2).
To determine a cutoff value of the VOR gain in a vHIT based on the caloric test, a ROC curve
of VOR gain of vHIT was plotted under the assumption that UW equal to or less than 25% is
considered as true. A cutoff value of 0.875 was determined, providing a sensitivity of 85.7% and
a specificity of 79.2% versus caloric irrigation (Figure 8).

Comparison of UW depending on the pattern of reflexive eye movement on vHIT
UW was compared depending on the pattern of refixation saccade (overt saccade, covert
saccade, normal VOR) in patients with unilateral vestibulopathy and healthy volunteers to
assess whether covert saccade is present in patients with milder UW. The mean value of UW
was higher in the overt saccade group than in the covert saccade group, or the covert and overt
saccade group. However, there was no statistically significant difference among the groups by a
post hoc ANOVA. The UW of the normal VOR group was significantly lower than that of the
other three groups (p < 0.0001; Table 3).
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Table 1. Specific diagnoses within the entire study population

Study group

Non-fluctuating vestibulopathy (n = 26)

Diagnosis

N

VN

15

CPA tumor

7

ITG injection

4

MD

31

RV

26

BVH

9

Fluctuating vestibulopathy (n = 57)
Bilateral vestibular hypofunction (n = 9)

Abbreviations: N, number of patients, VN, vestibular neuritis, CPA,
cerebellopontine angle, ITG, intratympanic gentamicin, MD, Ménière’s disease,
RV, recurrent vestibulopathy, BVH, bilateral vestibular hypofunction.
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Table 2. Diagnostic rate of the video head-impulse test
Bithermal caloric test
vHIT
UW > 25%

UW ≤ 25%

VOR gain < 0.88*

41

7

VOR gain ≥ 0.88*

11

42

*0.88 is the mean minus 2 SD of the VOR gain in healthy
volunteers. Abbreviations: vHIT, video head-impulse test,
UW, unilateral weakness, VOR, vestibulo-ocular reflex.
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Table 3. Comparison of unilateral caloric weakness depending
on the response pattern of refixation saccade during the headimpulse test
VOR

Mean value of UW (range) (%)

Overt saccade only (n = 17)

65.5 (14-100)

Covert and overt saccades (n = 22) 56.8 (4-100)
Covert saccade only (n = 5)

52.6 (15-92)

Intact VOR (n = 58)

21 (1-88)

Abbreviations: VOR, vestibulo-ocular reflex, UW, unilateral
weakness.
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Table 4. Dissociation between the results of video head impulse versus caloric
testing (UW>25, VOR gain ≥ 0.88)
Number

Age

Sex

UW (%)

VOR

Diagnosis

Onset

Last
vertigo

gain
1

32

M

37

1.34

RV

5MA

1MA

2

70

F

37

1.19

MD

13MA

2WA

3

35

M

45

1.18

RV

1MA

5DA

4

69

F

54

1.04

RV

9YA

?

5

39

F

41

1.03

MD

1MA

3DA

6

55

F

54

0.97

MD

6YA

25DA

7

41

F

26

0.97

MD

4MA

?

8

73

F

39

0.96

MD

2YA

1WA

9

76

M

59

0.95

RV

4YA

1MA

10

73

F

45

0.92

MD

3YA

10DA

11

42

F

44

0.92

RV

16YA

15DA

Abbreviations: VOR, vestibulo-ocular reflex, UW, unilateral weakness, RV, recurrent
vestibulopathy, MD, Ménière’s disease, YA, years ago, MA, months ago, WA, weeks
ago, DA, days ago.
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Table 5. Dissociation between the results of video head impulse versus caloric
testing (UW≤25, VOR gain < 0.88)
Number Age

Sex

UW (%)

VOR

Diagnosis

Onset

gain

Last
vertigo

1

65

M

14

0.54

VN

6MA

2

49

M

25

0.58

RV

3

63

F

4

0.66

RV

5YA

4

65

M

10

0.78

MD

3DA

5

9

M

22

0.84

VN

6

34

F

10

0.86

Healthy

1~2WA
3YA

5DA

volunteer
7

43

M

10

0.86

MD

1YA

2MA

Abbreviations: VOR, vestibulo-ocular reflex, UW, unilateral weakness, VN, vestibular
neuritis, RV, recurrent vestibulopathy, MD, Ménière’s disease, YA, years ago, MA,
months ago, WA, weeks ago, DA, days ago.
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Figure 1. Patterns of reflexive eye movement to impulse head rotation (mean VOR gain in
parentheses).
(A) Overt saccade only (0.56), (B) Overt and covert saccade (0.22), (C) Covert saccade only
(0.46), (D) Intact VOR (0.96). VOR, vestibulo-ocular reflex.
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Figure 2. Comparison of ipsilateral VOR gain on video head-impulse test and sum
of peak SPVs during warm and cold irrigation in all patients and healthy
volunteers.
Scatter plot shows a significant positive correlation between two parameters
(rho = 0.556, p < 0.0001). VOR, vestibulo-ocular reflex; SPVs, slow phase velocities.
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Figure 3. Comparison between ipsilateral VOR gain on video head-impulse test
and sum of peak SPVs during warm and cold irrigation in healthy volunteers.
The two parameters showed no correlation in healthy volunteers (rho = -0.250, p =
0.130). VOR, vestibulo-ocular reflex; SPVs, slow phase velocities.
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Figure 4. Comparison of ipsilateral VOR gain on video head-impulse test with the
sum of peak SPVs during warm and cold irrigation in patients.
Affected ears and unaffected ears are analyzed separately. Scatter plot shows significant
positive correlation between the two parameters in affected ears (rho = 0.743, p <
0.0001) (A), while there was no correlation in unaffected ears (rho = -0.002, p = 0.978)
(B). VOR, vestibulo-ocular reflex; SPVs, slow phase velocities.
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Figure 5. Correlation analysis between UW on bithermal caloric tests and VOR
gain of an affected ear (A), and GA (B) on video head-impulse test in patients.
Scatter plots show a significant negative correlation between UW and VOR gain (rho =
-0.699, p < 0.0001) (A) and significant positive correlation between UW and GA (rho =
0.603, p < 0.0001) (B). UW, unilateral weakness; VOR, vestibulo-ocular reflex; GA,
gain asymmetry.
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Figure 6. Correlation analysis between UW on bithermal caloric tests and VOR
gain of an affected ear (A), and GA (B) on the video head-impulse test in patients
with fluctuating vertigo.
Scatter plots show a significant negative correlation between UW and VOR gain (rho =
-0.560, p < 0.0001) (A) and a significant positive correlation between UW and GA (rho
= 0.483, p < 0.0001) (B). UW, unilateral weakness; VOR, vestibulo-ocular reflex; GA,
gain asymmetry.
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Figure 7. Correlation analysis between UW on bithermal caloric test and VOR gain
of an affected ear (A), and GA (B) on video head-impulse test in patients with nonfluctuating vertigo.
Scatter plots show a negative correlation tendency between VOR gain and UW (rho = 0.361, p = 0.070) (A) and a positive correlation tendency between GA and UW (rho =
0.331, p = 0.098) (B), which were not statistically significant. UW, unilateral weakness;
VOR, vestibulo-ocular reflex; GA, gain asymmetry.
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1 - Specificity
Figure 8. ROC curve. ROC curve of VOR gain is plotted against the reference
value of UW.
The area under the curve is 0.8783. The cutoff value of 0.875 provided a sensitivity of
85.7% and a specificity of 79.2%. ROC, Receiver-operating characteristic; VOR,
vestibulo-ocular reflex; UW, unilateral weakness.
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DISCUSSION
A vHIT is more sensitive and specific than bedside HIT in detecting unilateral vestibulopathy
[14]. Moreover, vHIT can be a quantitative method for measuring unilateral vestibular weakness
in that a VOR gain for each ear can be an important indicator of vestibular impairment.
However, there is a validation issue using a VOR gain of a vHIT as a specific indicator of
vestibulopathy, like unilateral weakness in a caloric test. Unilateral vestibular hypofunction has
been evaluated using a caloric test although it uses non-physiological vestibular stimulation [15].
Studies comparing vHIT parameters and the caloric test have been performed. Mahringer and
Rambold [13] reported that the frequency of vHIT increases with increasing UW although a
pathological HIT might depend on disease duration (acute vs. non-acute), the amount of UW in
caloric irrigation or a differences in the test itself. Rambold et al. [16] analyzed the relationship
between a vHIT and a caloric test in unilateral vestibular neuritis according to the time course.
They concluded that there are different parallel recovery processes for vestibular function
showing that no linear correlation between the time course of GA or VOR gain of the vHIT with
that of the UW of caloric irrigation. In another report, patients with early MD showed a higher
gain in rotation toward the affected ear during attack while they displayed a moderate canal
paresis on the affected side although they used rotating chair of acceleration of 100°/sec2 instead
of vHIT [17].

Clinical correlation
Overall, there was a statistically significant correlation between ipsilateral VOR gain of a vHIT
and ipsilateral SPV in a caloric irrigation test. However, there was no linear correlation in
healthy volunteers. Theoretically, the VOR gain of vHIT in healthy volunteer may be around 1,
and it ranged from 0.86 to 1.22 in this study (mean = 1.064, SD = 0.092). However, SPVs in
caloric test have much wider range in healthy volunteer. It seems reasonable that there is no
linear correlation between the two variables in healthy volunteers.
In dizzy patients, a VOR gain of the affected ear and GA have a statistically significant linear
relationship with UW in a caloric response. This may support our hypothesis that when
20

vestibular function decreases, a VOR gain of the affected ear decreases and the GA of a vHIT
increases. Moreover, a VOR gain of a vHIT and sum of SPVs showed a statistically significant
correlation. This is also consistent with our hypothesis. However, there was no significant
correlation between the VOR gain of an unaffected ear and sum of SPVs. This may be for the
same reason as in healthy volunteers.
We assumed that there would be a difference in the correlation of the variables of vHIT and
the caloric test according to the episodic pattern of vertigo. There was a significant correlation
between the parameters of vHIT and the caloric test in patients with fluctuating vestibulopathy
but not in patients with non-fluctuating vestibulopathy, which are opposite results to our
expectation. But, there was linear correlation tendency although there was no significant
correlation between the parameters of vHIT and the caloric test in non-fluctuating
vestibulopathy group. If number of the patients in non-fluctuating group were larger, there
might be a statistically significant correlation between the parameters of vHIT and the caloric
test.

What explains dissociation between a vHIT and a caloric test?
We divided the VOR gain of a vHIT according to 0.88, a value derived from the healthy
volunteers. The false negative rate of a VOR gain in a vHIT compared with the caloric test was
21.2%. For a reference, the amount of unilateral caloric weakness needed to ensure a
pathological result has been determined to be 40-57% [18-20]. What caused this dissociation?
We suggest several possible reasons, as follows.
A vHIT and a caloric test can measure the UW of horizontal semicircular canal function using
VOR. However, HIT is examined under a fast head impulse with high frequency [21] whereas a
caloric test is measured under bithermal irrigation with much lower frequency, 0.003Hz [22].
All patients showing positive caloric test and negative vHIT are patients diagnosed with RV and
MD (Table 4). McGarvie et al. [23] proposed one of possible explanations of dissociated results
of vHIT and caloric test in MD. They insisted that there can be endolymphatic circulation within
the duct itself, which can reduce effect of thermally induced endolymphatic flow of caloric test.
21

This hypothesis can apply to our study in that widely known pathophysiology of RV and MD is
hydrops of semicircular canals. On the other hand, Park et al. [24] suggested that selective loss
of type II hair cells in MD might lead to less sensitive response to caloric tests than HIT. Thus,
careful interpretation is needed when it comes to RV and MD patients.
On the other side, there were 6 patients and 1 healthy volunteer showing positive results of a
vHIT and negative caloric test results (Table 5). How can we explain in these cases?
There may be a technical issue that the goggles for the vHIT seem to slip on Asian because of
the lower dorsum of nose. Moreover, the video system we used in this study can detect only
right eyeball movement. To minimize the effect of slippage, we conducted the test 10 times with
the goggles fixed as tightly as possible with an additional sponge on the nose. However, those
two technical problems were solved in other video oculography devices.

Cutoff value of VOR gain of vHIT
A range of cutoff values of VOR gain of a vHIT has been reported in previous studies, from
0.6 to 0.8 [13, 25, 26]. We determined a cut-off value of 0.875, somewhat higher than in
previous reports. This may be because the value was derived under the assumption that a UW in
the caloric test equal to or less than 25% is true. However, it can be used as a guide, and
provided acceptable sensitivity and specificity versus the caloric response.

Covert saccade of vHIT
A vHIT has higher sensitivity and specificity than bedside HIT in that the test can capture
covert saccades. When we analyzed the average score of UW of a caloric test according to the
presence of overt or covert saccades, there was an elevated tendency for UW of a caloric test as
overt saccade is definite. It can be meaningful although it is a qualitative rather than quantitative
analysis.
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CONCLUSION
There was a statistically significant correlation between variables of the vHIT and the caloric
irrigation tests. A VOR gain of vHIT might be considered as a valuable objective parameter
having a lateralization value in evaluating unilateral vestibulopathy. However, considering some
dissociation between a vHIT and a caloric test, these tests can be complementary tools for the
lateralization of vestibular impairment.
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국문 초록
서론: 온도안진검사와 두부충동검사는 어지럼증 환자의 편측 전정기능저하 방향을
진단하는데 있어 중요한 역할을 한다. 비디오 두부충동검사가 도입된 이래로 연구
자들은 이 검사의 진단적 가치를 증명하기 위해 노력해왔다. 이에 본 연구에서는
비디오 충동검사의 변수들과 온도안진검사의 변수들을 비교함으로써 비디오 충동검
사가 전정기능이상 환자에서 갖는 편측화 가치에 대해 밝히고자 한다.

방법: 19 명의 건강한 자원자와 온도안진검사와 비디오 두부총동검사를 함께 시행한
92 명의 어지럼증 환자를 대상으로 하였다. 환자들은 어지럼증 양상에 따라 두 그
룹으로 나뉘었다. 본 연구에서는 비디오 두부충동검사의 전정안구반사 이득 그리고
이득의 편차와, 온도안진검사의 편측 전정기능약화 정도(unilateral weakness) 그
리고 냉온수 각각에서의 안진의 느린 성분 속도 (slow-phase velocities)의 합을
비교하였다. 또한 수신기작동특성곡선을 이용하여 비디오 두부충동검사에서 전정안
구반사 이득의 분계값(cutoff value)을 구해 보았다.

결과: 비디오 두부충동검사의 이환된 쪽에서의 전정안구반사 이득과 이득의 편차는
온도안진검사의 편측 전정기능약화 정도와 통계적으로 유의한 연관성을 보였다. 또
한 비디오 두부충동검사의 변수들은 온도안진검사의 변수들과 어지럼증의 양상이
변동하는 군에서 통계적으로 의미 있는 상관관계를 보였다. 온도안진검사의 편측
전정기능약화정도를 25% 이하가 정상이라고 가정했을 때, 비디오 두부충동검사의
분계값은 0.875 로 정하여졌다.

결론: 비디오 두부충동검사의 전정안구반사 이득 또는 이득의 편차는 편측 전정기
능이상 환자를 평가하는데 있어 유용한 변수로 생각된다. 또한 비디오 두부충동검
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사는 편측 전정기능저하의 방향을 결정하는 데에 상호보완적인 정보를 제공하리라
기대된다.

------------------------------------- --------주요어 : 두부충동검사, 온도안진검사, 현훈, 수신기작동특성곡선
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