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22 SUMMARY:
23 This protocol describes how to correctly perform the video head impulse test with two separate
24 test systems commonly used worldwide. Both the 2D and 3D video head impulse test methods
25  are described.
26
27  ABSTRACT:
28  Throughout the last decade, there has been a rapid development of existing test procedures
29  and methods evaluating the human vestibular system. In 2009 and 2013, commercially
30 available video head impulse testing (vHIT) has enabled clinicians to examine the functions of
31 all three paired semicircular canals within the vestibular system. The vHIT test has
32  revolutionized vestibular testing, and at many clinics and hospitals around the world, this test is
33  now considered the most important initial test of vertiginous patients. There are several
34  manufacturers of vHIT systems around the world. A test protocol for two of the most
35  widespread VHIT systems is presented here. Included in this protocol is a description of the two
36 different test methods, 2D vHIT testing and 3D vHIT testing. The vHIT system includes a
37 lightweight goggle with accompanying software. The test is fast (5-10 minutes) and can be done
38  with minimal discomfort to the person being examined. However, there are many steps to the
39 test, and each of these steps may alter the final results if the individual steps are not performed
40  correctly. It is therefore of paramount importance that the examiner is familiar with the
41  potential noise and/or artifact triggers. Systematic training of future examiners before
42  performing vHIT in a clinical setting and compliance with this protocol may minimize these
43  challenges of the test. The vHIT test is not just a “plug and play” test. However, if carried out


https://www.editorialmanager.com/jove/download.aspx?id=949112&guid=372d8fb0-5c67-4c4b-97d1-f3da735c3a0e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=949112&guid=372d8fb0-5c67-4c4b-97d1-f3da735c3a0e&scheme=1

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

correctly, this test offers an excellent objective assessment of the function of the high
frequency domain of the vestibular system. It has a high positive predictive value and offers a
specificity very close to one hundred percent.

INTRODUCTION:

Vertigo is the third most common complaint among patients seeking general medical advice
and has a lifetime prevalence of 7.8 percent2. It is often difficult to determine whether the
cause of vertigo is due to disease within the vestibular organs or disease in other parts of the
body, because vertigo may be the presenting symptom of numerous diseases?. Traditionally,
vestibular testing has been difficult and time-consuming for the clinician and often not very
pleasant for the participant. Many of these tests have been done as bedside examinations that
rely upon a very skilled examiner and cooperative, dizzy patient. A well-recognized method for
bedside testing of vestibular function was introduced in 1988 and termed the “head impulse
test”4. Throughout the last decade, there has been rapid development of existing test
procedures and methods as well as a rise in new methods of testing. Various laboratory tests,
which evaluate the function of the vestibular system, are now commercially available. In 2009,
a new test method, video head impulse testing (vHIT), became commercially available. With
this test, clinicians around the world are now able to test functioning of the six semicircular
canals (SCCs) of the vestibular system objectively and quickly (5-10 minutes), with only minor
discomfort to the patient®. The vHIT test has revolutionized vestibular testing, and in many
clinics and hospitals around the world, it is now considered the most important initial test for
both acute and chronic vertiginous patients®.

There are several manufacturers of vHIT systems around the world. Some of the most
widespread VHIT systems include the EyeSeeCam (Denmark), ICS Impulse (Denmark), and VHIT
Ulmer (France) (see Table of Materials). The first two mentioned vHIT systems are quite similar
in design and further described in this article (and referred to as vHIT systems A and B,
respectively). Both these VHIT systems provide a lightweight goggle that contains a high-speed
camera for the recording of eye movements and a sensor that measures head velocity’.
Accompanying software needs to be installed on a laptop computer, and the goggle is
connected via a USB cable connection to the same computer. During vHIT testing, the goggles
are mounted on the patient’s head and attached firmly. Participants keep their eyes fixed on a
target on the wall while the examiner applies fast, abrupt, and unpredictable head impulses in
the plane of the semicircular canal being tested. The vHIT provides the examiner with a report
that includes 1) a graph depicting head and eye velocity as a function of time and 2) a
calculated numeric value termed the “mean gain value”.

After completion of the vHIT test, the software calculates the mean gain value, which is defined
as the eye velocity in °/s divided by the head velocity in °/s for each of the SCCs being tested.
Individual vHIT systems assess the function of the SCCs by means of testing the vestibular-
ocular reflex (VOR), but they often calculate the mean gain value by various methods. The vHIT
system A uses the regression gain method, which allows for graphical data analysis over the
entire velocity range of head impulses. Following vHIT test completion, it provides the average
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regression plot slope (a best-fit line through data points at different head velocities with
accompanying gain values). The vHIT system B uses the area-under-the-curve (AUC) method for
calculation of gain values. The area under the eye velocity record is divided by the area under
the head velocity record. This area VOR gain is less affected by minor deviations in eye velocity,
which may affect VOR gain calculated from only eye velocity records’. When using the AUC
method, the gain value is calculated as the ratio of cumulative slow-phase eye velocity over
cumulative head velocity from the onset of the head impulse to the moment at which head
velocity returns to zero.

Additionally, unlike the bedside head impulse test, vHIT enables the examiner to detect
compensatory eye movements and saccades [both occurring after head movement has stopped
(overt saccades) and saccades occurring during the head movement (covert saccades)] by
analyzing the graphs provided in the accompanying report®°. Conclusions on whether or not
pathological saccades are present require subjective assessment of the test report, as no
consensus exists on the definition of pathological saccades. However, if the software with ICS
impulse identifies saccades as pathological, these curves are marked as red. Eye recordings are
analyzed differently by the two VHIT systems. In system B, the center of mass of the pupil is
determined and used, along with the timestamps from the images, to determine the eye
velocities. These are used along with the head velocities for the gain calculations. In system A,
lateral and vertical eye movement velocities are analyzed. If only the pupil is analyzed, only the
horizontal and vertical components of eye-in-head position enter a vector analysis algorithm
that calculates the VOR gain.

The vHIT test is considered an objective test. This test, however, is technically demanding for
the examiner to perform. Head impulses, applied to the participant, need to be unpredictable
in both timing and direction, and they need to be delivered at peak head velocities between
150° and 250° per second with an amplitude of 5° to 20°, ideally®!'. Another prerequisite for
successful testing is that the participant is able to understand and comply with the given
instructions®. The test is also susceptible to several sources of error, with the most common
being goggle slippage®¥!? and noise/artifacts due to poor pupil detecting and tracking®. The
company software discards impulses with too much noise/artifacts during testing. Upon
completion of the test, it is often necessary to manually remove additional noise and/or
artifacts that the software did not detect and remove automatically.

Both VHIT systems use the same test method for horizontal vHIT testing. Vertical SCC testing is,
however, more difficult to perform than horizontal SCC testing. With testing of the vertical
SCCs, head impulses are more technical demanding to deliver, the eye movements include a
torsional component, the test is more susceptible to goggle slippage, and the test is more
uncomfortable for the participant!l. The traditional method used for vHIT testing is termed “3D
VHIT testing” and is used when performing vertical SCC testing with the vHIT system A. In
response to these challenges, a 2D modified VHIT test method has been developed?3. This
method, which provides near total removal of the rotational part of the eye movements during
testing, is used when performing vertical SCC testing with the vHIT system B. Illustrations and a
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more detailed description of these two VHIT test methods are provided in the results section. A
recent study included both of the abovementioned vHIT systems!4. Because these VHIT systems
use separate test methods for vertical SCC testing, both the 2D and 3D vHIT test methods were
used in the evaluation of vestibular function. The name of the 3D test method may be
misleading, as most commercially available vHIT test systems currently measure eye
movements in only two dimensions. However, the original test is referred to as the 3D test
method throughout this article. The abovementioned two vHIT test methods are described in
detail. It should also be noted that 2D vHIT testing is possible with the vHIT system A, but to the
best of our knowledge, this test method has not yet been validated for this vHIT system.

PROTOCOL:
This protocol follows the guidelines of the scientific Ethics Committee of the North Denmark
Region.

1. Participant screening

1.1. Recruit participants that are capable of completing the test. Participants must have vision
capabilities that allow for fixation on a dot at a distance of 1.0 to 1.5 m away.

1.2. Disqualify participants with a history of neck surgery or cervical herniation, because the
head impulses applied might worsen such conditions. Remove any makeup, as this might cause
poor tracking of the pupil.

1.3. Assess the eye movements of the participant by performing a gross eye movement
examination to rule out any eye muscle palsies that might affect the examination. Also note if
there is any spontaneous or gaze-induced nystagmus that may affect the final results.

1.3.1. Perform a gross eye movement examination by requiring participants to move their eyes
in the vertical and horizontal planes to the outer edge of the eye sockets to ensure no eye

muscle palsies are present.

1.4. Evaluate sizes of the pupils in a well-lit room and note the configuration of the pupils. This
ensures that the tracking of the pupils is not compromised during testing.

1.5. Determine if both eyes are equally suited for the recording of eye movements.
NOTE: Not all vHIT systems have the option of recording either left or right eye movements.

1.5.1. Decide which eye is optimal for recording eye movements (if they are not equally good)
following examination of the participants eye movements and visual acuity.
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1.5.2. Take special notice of the area surrounding the eyes and use proper precautions if the
participant has one or two droopy eyelids. Evaluate and note if eyelashes are very long and
could compromise tracking of the pupils during the test.

1.5.3. Use either vHIT system A or B for the test, if the right eye is suitable for testing. If only the
left eye is suitable for testing, then use system A for the vHIT test.

2. Preparation for the experiment

2.1. Include recommended hardware and software to enable video head impulse testing. Make
sure to read the manual before installment.

2.1.1. The hardware requirements consist of a laptop PC and pair of accompanying lightweight
goggles containing a high-speed camera and motion sensor. Use an inertial motion sensor with
VvHIT system A and head velocity sensor chip (MEMs gyroscope) with system B. The motion
sensors provide information about the head velocity. Check that the individual hardware
components are intact.

2.1.2. Install the appertaining software for each system.

2.2. Seat the participant in a non-rotating solid chair at least 1.5 m away for vHIT system A or at
least 1.0 m away (VHIT system B) from a fixation dot placed on a wall. Adjust the height of the
chair so that the eyes of the participant are leveled with the fixation dot; alternatively, place
dots at different heights to achieve the same effect.

2.3. Make sure the room is well-lit to minimize the size of the pupils. Instruct the patient
thoroughly regarding the different steps of the test.

2.3.1. Ask participants not to move their heads during the test by relaxing their neck muscles.
To optimize the test, all head movements must be applied by the examiner.

2.3.2. Ask the participant to avoid blinking with the eyes during the head impulse. If needed,
offer a pause between individual head impulses to overcome this problem. During the test,
participants should maintain fixation on a dot on the wall.

3. Conditions and experimental design

3.1. Fit and adjust the goggles on the patient’s head. It must be tightly fixed (this is crucial).
3.2. Tighten the strap firmly to ensure that goggles will not shift during application of head
impulses. Place the cable from the goggles at the midline of the neck and attach it to the cable

strap holder (VHIT system A) or with the accompanying cable clip to the patient’s clothing (VHIT
system B).
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3.3. Ensure that the eyes are wide open, with eyelids in a position where they do not interfere
with pupil detection. If required, adjust the skin around the eyelid accordingly.

3.3.1. Tilt either the bottom or top of the goggles out and away from the face, pull the skin up
or down, and reposition the goggles to hold the skin in place. Visually inspect to see if the
goggle fit is satisfactory.

NOTE: The goggle fit is an extremely important procedure. Improper goggle fit may result in
inaccurate data collection.

3.4. Align the camera to center the pupil in the image by rotating the camera in the yaw, pitch,
or roll direction. Place the boundary of the lower eyelid along the bottom edge of the image
(VHIT system A).

3.4.1. With vHIT system B, position the ROI (region of interest) around the pupil and select auto
threshold on the laptop.

3.4.2. Assess the tracking of the pupil by making short horizontal and vertical head movements
prior to initiation of the test. Adjust manually if necessary.

3.5. Check if the reflections from the LED (two white dots) appear to be close to the edge of the
pupil. If this is the case, move the patients head forward in the pitch plane to increase the
distance between the two reflections and pupil (system A).

3.6. Ask the participant to look straight ahead at the leveled fixation dot. If the center laser
projection does not match the fixation dot on the wall, readjust the laser that is mounted on
the part of the goggle that sits above the rim of the nose (system B).

4. Calibration
4.1. For vHIT system A, initiate standard calibration (steps 4.1.1-4.1.2) prior to testing of the
lateral SCCs with the appertaining software. Immediately following this procedure, initiate head

calibration (step 4.1.3) if vertical SCC testing is intended.

4.1.1. Double-click the software icon on the desktop, which will open the program. Select the
instrument by double-clicking on the EyeSeeCam icon in the Select Instrument Box.

4.1.1.1. Select Standard in the Calibration menu and click on Prepare.
4.1.1.2. Tell the participant to look at the middle laser dot. Inform the participant not to blink

and instruct the participant to look at each of the designated laser dots for approximately 2-3 s
(one at a time) without moving the head.
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4.1.2. Follow the instructions on the screen or decide the order in which the patient must look
at the dots. It is important that participants direct their eyes to each of the five dots once,
preferably twice.

4.1.2.1. Make sure the standard calibration meets the required criteria. A good calibration is
visualized in the calibration report as a cross in which each arm is equally long (see Figure 1).

4.1.2.2. Make sure there are five highlighted circles illustrating one center point and the four
outer markings (Eye in Image). Also make sure the arms of the cross are located in zero degrees
both vertically and horizontally (Eye in Space).

4.1.3. Perform the head calibration to include vertical SCC testing. Select Head in the
Calibration menu, then click on Prepare.

4.1.3.1. Ensure that the amplitude of the head movements (peak head velocity) are around
50°/s. They must not exceed 100°/s (the edge of the circle markings).

4.1.3.2. Rotate the patients head back and forth (along pitch axis) at least 5x followed by side-
to-side rotations (along the yaw axis) at least 5x. The motion is depicted on the screen.

4.1.3.3. Make sure the amplitude of the head movements is around 50°/s. Be careful that it
does not exceed 100°/s (the edge of the circle markings).

4.1.3.4. Evaluate the quality of the calibration. Learn the characteristics of a good head
calibration.

4.1.3.4.1. Make sure the markings do not exceed the edge of the circle. Also ensure that
markings are in close proximity to the vertical and horizontal lines.

4.1.3.4.2. Make sure a third image is shaped like a cross where the legs do not deviate more
than one triangle vertically and horizontally (see Figure 2).

4.1.3.4.3. Use the default settings if the patient cannot fully cooperate during the calibration.
Try recalibrating at least 2x before choosing this option.

4.2 For vHIT system B, follow these steps of calibration to enable testing of all six SCCS. Make
sure the ROl embeds the entire pupil area.

4.2.1. Turn the lasers on. Ask the participant to move the head to position the left and right
laser dots on each side of the fixation dot equidistantly (see Figure 3).
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4.2.2. Tell the participant to keep their head in that position. Ask the participant to follow the
visible laser beam dot by moving their eyes only (alternate between left and right).

4.2.3. Check the calibration by having participants stare at the fixation dot. Move their heads
side-to-side about 10°.

4.2.4. Check that eye and head velocities match. Keep in mind that catch-up saccades seen
during low frequency head rotations can indicate either vestibular loss, cerebellar dysfunction,
or both.

5. Procedure
5.1. General test principles:

5.1.1. Deliver head impulses unpredictably. This is required both in regard to direction and
timing.

5.1.2. Deliver abrupt head impulses. Apply head impulses with a small amplitude (5°-20°).

5.1.2.1. Perform high acceleration head impulses (1000°/s2-4000°/s%). Make sure that the head
impulses are fast.

5.1.3. Deliver head impulses with peak head velocities between 150°/s-250°/s for horizontal
SCC testing and deliver head impulses with peak head velocities between 100°/s-250°/s for
vertical SCC testing.

5.1.4. Deliver head impulses with an amplitude of 5°-20°. After completion of each head
impulse, the software will provide feedback on quality of the head impulses.

NOTE: With vHIT system A, head impulses are accepted if peak head velocity is reached within
the first 70 ms after onset of the head impulse and if the peak head velocity exceeds 150°/s
(lower limit may be changed according to personal preferences). Note that this is shown
visually by a green check mark or alternatively with a red cross indicating that the given head
impulse did not meet the predefined criteria. With vHIT system B, data is collected in real-time
during the actual testing. Head impulses will be accepted if the predefined data algorithm
criteria are met. These include a head movement with a peak head velocity of minimum of
120°/s to 250°/s for testing of the lateral SCCs and a head movement with peak head velocity of
minimum of 100°/s to 250°/s for testing of the vertical SCCs. Head impulses will also be rejected
if the frame rate drops below 219 frames/s. Following each head impulse, operator feedback is
also displayed for the current impulse. A green circle indicates that the head impulse was
accepted (performed adequately), and an orange dot indicates that the head impulse was
rejected (not performed adequately).
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5.2. To perform horizontal SCC testing, place hands on the jaw or on top of the head. Be careful
not to touch the goggle strap or cable to avoid any unintentional movement of the goggles.

5.2.1. Ask participants to clench their teeth during testing to reduce jaw movement and
facilitate a more direct force transfer to the head if testing is done with hands placed on the
jaws.

5.2.2. Turn the patients head 30° forward in the pitch plane to position the horizontal SCCs
completely horizontal. Deliver between 10 to 20 head impulses to each side. Note that the
software keeps track of the total number of impulses applied to each SCC.

5.3. To perform vertical SCC testing, place the dominant hand on top of the patient’s head and
direct the fingers in the direction of the anterior SCC to be tested. Place the non-dominant hand
on the chin.

5.3.1. Ask participants to clench their teeth (the patient may bite on a wooden tongue
depressor). Be careful not to touch the goggle strap or cable to avoid unintentional movement
of the goggles (thumbs can be positioned on the mastoid and other fingers on the mandible).

5.3.2. Two different methods for testing of the VOR function of the vertical SCCs exist. Evaluate
the vertical SCC function using either the 2D (step 5.3.3) or 3D VHIT (step 5.3.4) test method
(see Figure 4).

5.3.3. Use the 2D vHIT test method for examination with vHIT system B. Rotate the chair 45° to
either side, and before vertical SCC testing, place the table legs on fixed markings on the floor
to ensure exact alignment of the starting position with every consecutive test. This will also
assure a minimum distance of 1 m between the participant’s test eye and fixation point on the
wall.

5.3.3.1. Right anterior (RA) and left posterior (LP) SCC: turn the solid chair 45° to the left. Ask
the patient to look at the fixation dot. The eye that is being measured is now lateralized.

5.3.3.1.1. Right anterior (RA): rotate the participants head forwards in the pitch plane
perpendicular to the wall. Be careful not to touch the cable or the goggle strap.

5.3.3.1.2. Left posterior (LP): rotate the participants head backwards in the pitch plane
perpendicular to the wall. Be careful not to touch the cable or the goggle strap.

5.3.3.2. Left anterior (LA) and right posterior (RP) SCC: turn the solid chair 45° to the right. Ask
the patient to look at the fixation dot. The eye that is being measured is now medialized.

5.3.3.2.1. Left anterior (LA): rotate the participants head forwards in the pitch plane
perpendicular to the wall. Be careful not to touch the cable or the goggle strap.



385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

5.3.3.2.2. Right posterior (RP): rotate the participant’s head backwards in the pitch plane
perpendicular to the wall. Be careful not to touch the cable or the goggle strap.

5.3.4. Use the 3D VvHIT test method for examination with vHIT system A.

5.3.4.1. Position the participant in front of the wall at the desired distance. Ask the patient to
remain in this position throughout the entire test.

5.3.4.2 Use the direction/plane guide in the upper right corner for visualization of the plane of
the head rotations during vertical SCC testing. If the test is done correctly, the direction must be
depicted within the colored areas where the direction is shown in grey and the latest vertical
head impulse in black.

5.3.4.3. Right anterior (RA) SCC: rotate the head forwards and 45° to the right of the sagittal
plane. Left posterior (LP) SCC: rotate the head backwards and 45° to the left of the sagittal

plane.

5.3.4.4. Left anterior (LA) SCC: rotate the head forwards and 45° to the left of the sagittal plane.
Right posterior (RP) SCC: rotate the head backwards and 45° to the right of the sagittal plane.

5.3.4.5 Be careful not to touch the cable or goggle strap, as it may add noise to the test.

6. Interpretation of results

6.1. During testing, both vHIT systems disregard datasets that do not meet certain predefined
criteria. Adjust the preset head velocity criteria of both vertical and horizontal SCCs with system
A manually (optional).

6.1.1. Use a final algorithm, incorporated in the company software, to remove artifacts and
noise following completion of the vHIT test. If the final test results still contain noise or

artifacts, remove artifacts/noise by manual data selection.

6.2. Both vHIT systems allow video recording of the eye movements during testing as an
additional means of troubleshooting. Enable this is as needed (optional).

6.2.1. Manually remove additional noise/artifacts following VHIT system A testing with the
appertaining software. Enter the Edit menu.

6.2.1.1. Choose Velocity Trace Selection. Select Multiple in the dropdown menu.

6.2.1.2. Manually select the curves to be deleted and choose Delete Selected. A new report
without the selected curves will then be generated. In case too many curves have been
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removed by a mistake, selection of Show All will regenerate the original report containing all
data initially obtained.

6.2.2. Manually remove additional noise/artifacts following vHIT system B testing with the
appertaining software. Enter the 2D analysis menu.

6.2.2.1. Place the cursor at the desired head impulse to highlight the entire graph related to
that specific head impulse. Press delete to manually remove this head impulse if graph contains
noise and/or artifacts.

6.2.2.2. Mean gain values and graphs containing saccades will adjust concomitantly following
manual removal of head impulses. Reset the dataset in case of unintended deletion of head
impulses.

6.3. Evaluate and interpret the test report upon completion of the vHIT test. The test report
includes a 2D graphic depiction of the head impulse by means of time and head and eye
velocities as well as calculation of a mean gain value.

6.3.1. The mean gain value is calculated by dividing the peek eye velocity (°/s) by peak head
velocity (°/s). The normal range for the horizontal SCC gain values are 0.80 to 1.207. Determine
if the gain value is either within the normal range, too high, or too low.

6.3.1.1. If the mean gain value is between 0.80 and 1.20, conclude that the gain value is normal.

6.3.1.2. Perform all steps of the VvHIT test again, including a recalibration (perform all steps and
substeps included in step 4, and perform all steps and substeps included in step 5 for the
relevant vHIT system), if higher than expected mean gain values are obtained (>1.20).

NOTE: High numbers do not truly represent any vestibular pathology but indicate that the test
was not carried out correctly or that the participant did not fully cooperate during the test.

6.3.1.3. If the mean gain value is below 0.80, conclude that the gain value is too low and may
represent pathology within the vestibular organ by means of compromised VOR function.

6.3.1.4. The normal range for the vertical SCC gain values are 0.70 to 1.20’. Determine if the
gain value is within the normal range, too high, or too low. If the mean gain value is between
0.70 and 1.20, conclude that the gain value is normal.

6.3.1.4.1. Perform all steps of the vHIT test again, including a recalibration (perform all steps
and substeps included in step 4, and perform all steps and substeps included in step 5 for the
relevant vHIT system), if higher than expected mean gain values are obtained (>1.20).
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NOTE: High numbers do not truly represent any vestibular pathology but indicate that the test
was not carried out correctly or that the participant did not fully cooperate during the test.

6.3.1.5. If the mean gain value is below 0.70, conclude that the gain value is too low and may
represent pathology within the vestibular organ by means of compromised VOR function.

6.3.2. Evaluate the test report graphs and determine if any saccades are present. Saccades are
corrective eye movements and, if pathological, are due to a compromised VOR function.

6.3.3. Interpret all graphic material and conclude whether or not pathological saccades are
present as defined by Abrahamsen et al.!3.

6.3.3.1. Evaluate the frequency of potential saccades. The saccades must occur in more than
50% of the total number of head impulses.

6.3.3.2. Evaluate the latency of potential saccades. The saccades must occur within the interval
between 100 ms after the head movement is initiated and within 100 ms after head movement
has stopped.

6.3.3.3. Evaluate the velocity of potential saccades. The saccades must have a peak head
velocity of minimum 50% of the peak head velocity.

6.3.3.4. Evaluate the direction of potential saccades. The saccades must be in the same
direction as the VOR. If the saccades are depicted in the opposite direction, consider if the
findings may be depictions of spontaneous nystagmus instead.

7. Conclusion

7.1. Classify the vHIT examination of each separate SCC to be normal, atypical, or pathological
based on the mean gain value and the presence/absence of pathological saccades.

7.1.1. Conclude the individual SCC function to be normal if the mean gain value is within the
normal range and no pathological saccades are present.

7.1.2. Conclude the individual SCC function to be pathological if the mean gain value is below
the normal range and pathological saccades are present.

7.1.3. Conclude the individual SCC function to be potentially compromised/atypical if the mean
gain value is below the normal range and no concomitant pathological saccades are present.

7.1.4. Conclude the individual SCC function to be potentially compromised/atypical if the mean
gain value is within the normal range and concomitant pathological saccades are present.
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REPRESENTATIVE RESULTS:

Prerequisites for a valid and precise test result include correct, meticulous, and thorough
pretest calibrations. For reports following a correct calibration with the vHIT system A, refer to
Figure 1 and Figure 2. Calibration with the system B is done in one step for all six SCCs by asking
participants to switch their gazes between the two dots that appear when the lasers are on (see
Figure 3). Be careful to check that the eye and head velocities match after this calibration is
done. A correct calibration includes a A value below 21. For a detailed description of the
calibration procedures, please refer to the manual provided by the manufacturer®>1®,

[Place Figures 1, 2, and 3 here].

Testing of the horizontal SCCs are done in a similar fashion with both types of equipment. For
testing of the vertical SCCs, either the 2D or 3D test method may be used. Please refer to Figure
4 for a detailed description of the two test methods when testing all six SCCs.

[Place Figure 4 here].

Every time the VvHIT test is performed, all individual steps of the test are important, as they may
affect or alter test results. Following completion of every vHIT test, the examiner must go
through the report meticulously to determine if results are valid. Special attention must be
made to make sure that no noise or artifacts are included in the report. Eight different types of
artifacts that may alter results have been described (see Figure 5). Even though the
accompanying software removes a lot of noise and/or artifacts from the report, manual
deletion of noise and/or artifacts may be needed as an additional step of the evaluation. If the
test was carried out properly and participant cooperated fully during the testing, a conclusion
of either a normal vestibular function or true compromised function may be drawn following
evaluation and interpretation of the report. Please refer to Figure 6, Figure 7, and Figure 8 for
test reports following examinations of participants with normal SCC function. Prerequisites for a
normal complete vHIT test include mean gain values within the normal range as well as absence
of pathological saccades. When mean gain values lie within the normal range, head and eye
velocities are almost similar, and the corresponding curves are almost identical in the mirrored
view. When no pathological saccades are present, the depiction of both head and eye
velocities closely match both during and after application of the head impulses.

[Place Figures 5, 6, 7, and 8 here].

In order to conclude that the vestibular function is reduced a low mean gain value AND
pathological saccades must be present. When low mean gain values are present, the amplitude
of eye velocity is significantly lower than the corresponding amplitude of head velocity.
Pathological saccades must also be present if the examination is truly pathological. These
saccades might occur during or after the head movement. In order to conclude if saccades are
truly pathological, the examiner must evaluate the saccades in terms of frequency, latency,
direction, and amplitude. Please refer to Figure 9 and Figure 10 for examples.
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[Place Figure 9 and Figure 10 here].
FIGURE AND TABLE LEGENDS:

Figure 1: Standard calibration prior to testing of horizontal SCCs with vHIT system A. It should
be ensured that “Eye in Image” (image on the left) contains markings equivalent to the four
outer limits as well as one in the center and that “Eye in Space” is depicted as a cross with
vertical and horizontal lines in zero degrees.

Figure 2: Head calibration for testing prior to testing of vertical SCCs with vHIT system A.
Shown is a 3D representation of head movements with respect to the earth. Horizontal and
vertical directions are shown together with head movements with respect to the possibly
obligue axes of the inertial sensor. The three polar diagrams show the head movements from
three different perspectives. Grey dots: raw head movement, black dots: calibrated head
movement, solid grey line: camera orientation, solid black line: head orientation. Far left: grey
and black dots must follow a line in the right-left direction (horizontal), middle: black and grey
dots must follow a line in the superior-inferior direction (vertical), far right: black and grey dots
must follow two perpendicular lines looking like a cross.

Figure 3: Calibration procedure setup with vHIT system B. Ask the patient to position the left
and right dots equidistant on each side of the fixation dot. As the procedure continues, only
one dot at a time will be illuminated and the participant is asked to keep their gaze on the
visible dot. As the participant’s gaze switches, the system tracks the movement of the pupil.

Figure 4: Visualization of the vHIT test procedures. The left side illustrates the 3D vHIT
procedure with vHIT system A. The right side illustrates the 2D modified vHIT procedure with
VHIT system B. The middle section illustrates orientation of the semicircular canals (SCCs) being
tested. The middle section illustrations are modifications of images taken from a smartphone
application (see Table of Materials) and are used with permission from the copyright owner.
For horizontal SCC testing, the examiner placed his hands on the patient’s jaw, delivering head
impulses to each side. For vertical SCC testing, the examiner placed his dominant hand (in this
study, both examiners were right-handed) on the top of the head and other hand beneath the
chin. (a-c) lllustrations of the performance of the 3D vHIT using VHIT system A. In all three
setups, the patient is facing the camera and the head is rotated in the direction of the SCCs
being tested. (a) Right anterior left posterior (RALP) SCC testing. (b) Horizontal SCC testing. (c)
Left anterior right posterior (LARP) SCC testing. (g—i) Starting position of the head; arrows
illustrate the direction in which the head is rotated; the set of SCCs being tested is marked with
red. (d—f) lllustrations of the performance of the 2D modified vHIT using vHIT system B. (d)
RALP SCC testing with the subject turned 45° to the left and the impulses being delivered by
either rotating the head forward or backward. (e) Horizontal SCC testing. (f) LARP SCC testing
with the subject turned 45° to the right and the impulses being delivered by either rotating the
head forward or backward. By rotating the patient’s head 45° prior to RALP and LARP testing,
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the eyes align with the axis of the vertical SCCs being tested; therefore, primarily vertical eye
movements are produced when applying head impulses. (h), (j), and (k) show the starting
positions of the head; the arrows illustrate the direction in which the head is rotated; the set of
SCCs being tested is marked with gray. LARP indicates left-anterior-right-posterior plane; RALP
indicates right-anterior-left-posterior plane. Reproduction of this figure has been granted with
permission.

Figure 5: Visualization of eight different artifacts. Each type of artifact is illustrated by a graph
as well as accompanying images depicting the test situation triggering the individual artifact (x-
axis: time (seconds), y-axis: head and eye velocity (°/s)). Black and red lines indicate eye
velocities and head velocities, respectively. The image on the left within a panel shows a subject
being tested with vHIT system A, whereas the image on the right shows a subject being tested
with VHIT system B. The appurtenant graph shows traces for eye and head movements related
to the artifact. (a) Wrong calibration (high gain), (b) touching goggles (two peaks), (c) patient
inattention (eye trace goes wrong direction), (d) bounce (head overshoot), (e) loose strap
(delay/phase shift), (f) pupil tracking loss (trace oscillations), (g) mini-blink (pseudo-saccade), (h)
blink (pseudo-saccade)!’. This figure has been modified with permission?’.

Figure 6: Report with normal findings for lateral SCCs. It should be noted that the curves for
both head and eye velocities match, all mean gain values are within the normal range (0.80-
1.20), and there are no pathological saccades present. (A) vHIT system B report. Left: gain
values are depicted as individual dots representing coherent pars of peak head velocities and
gain values; red = right side, blue = left side. Mean gain values are also shown as a numerical
value (0.91 and 1). Right: x-axis = time (milliseconds), y-axis = head and eye velocities. Head
and eye velocities are shown in the same direction (mirrored view) to ease the interpretation.
(B) VHIT system A report. Left: x-axis = time (milliseconds), y-axis = head and eye velocities (°/s).
Head and eye velocities are shown in opposite directions. Right: gain values are depicted as a
best fitted line through individual dots representing coherent pars of peak head velocities and
peek eye velocities (first y-axis) as well as gain values (second y-axis); red = right side, blue = left
side. Mean gain values are also shown as a numerical value (1.07 and 1.07).

Figure 7: Report with normal findings for all six SCCs following VHIT system A testing. It should
be noted that the curves for both head and eye velocities match, all mean gain values are
within the normal range (0.80-1.20) or higher, and there are no pathological saccades present.

Figure 8: Report with normal findings for all six SCCs following VHIT system B testing. It should
be noted that the curves for both head and eye velocities match, all mean gain values are
within the normal range (0.80-1.20), and there are no pathological saccades present.

Figure 9: Pathological test results after testing with the vHIT system A. Overt saccades are
seen after head movement has stopped (A), covert saccades are seen during the head
movement (B), and sometimes a mixture of both are seen (C). It should also be noted that
mean gain values are below the normal range on the ipsilateral side of the pathological
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saccades. In (B) and (C), number 1 in red indicates covert saccades, number 2 in red indicates
overt saccades, and number 3 in red indicate small correctional saccades that are classified as
non-pathological saccades.

Figure 10: Pathological test results after testing with the vHIT system B. Overt saccades are
seen after head movement has stopped (A), covert saccades are seen during the head
movement (B), and sometimes a mixture of both are seen (C). It should also be noted that
mean gain values are below the normal range on the ipsilateral side of the pathological
saccades. In (C), number 1 in blue indicates covert saccades and number 2 in blue indicates
overt saccades.

DISCUSSION:

The experimental design provided should enable examiners to complete vHIT testing of all six
SCCs of the best possible quality. There are several critical steps within the protocol that need
to be followed meticulously in order to obtain reliable test results. The pretest evaluation is
important because several conditions/diseases may either compromise or alter results. For
instance, eye muscle palsies, strabismus, or pupillary malformations may seriously affect the
test results even if vestibular function is normal. Calibration of the equipment preceding each
test is also very critical, because an imprecise or wrong calibration may greatly influence the
results. Special attention should also be given when performing the actual test. The participant
needs to be cooperative during the test and, when applying the head impulse, special emphasis
should given to directing the impulse towards the correct and desired plane.

Both methods described for vHIT testing possess strengths and weaknesses. Especially when
performing vertical vHIT tests, the examiner must consider the positions of the head, eyes, and
visual target. The position of the head during head impulses can be with the patient facing the
wall or with the head rotated 45° to either side. Practitioners can either turn the head or entire
body to obtain this position. It should also be taken into consideration which positions are
optimal to individual patients, as cooperation during testing is crucial. Eye movement during
testing of the vertical SCCs in the 3D vHIT is both vertical and torsional. In the 2D modified vHIT
test method, the torsional component is eliminated by lateralization of the eyeball during
testing. The torsional component may add noise to the test, and lateralization of the eyeball
may induce artifacts especially from the eyelids or eyelashes. The examiner must also consider
the fact that numerous head impulses applied in the vertical planes with continuous
lateralization of the eye is fatiguing to a patient. The visual target also needs to be adjusted to
each patient’s eye level. If this is not the case, artifacts and noise may alter the test, and it may
be difficult for the patient to keep their eyes on the target if the target is not placed optimally
during testing. After completion of the test, the examiner most conclude if test results are of
sufficient quality and, if necessary, whether or not to perform all steps of the test again. A final
evaluation of the test is mandatory and should include manual removal of any noise and/or
artifacts before a final conclusion is drawn?>:6,
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It is of utmost importance that the examiner is aware of potential artifact triggers during the
entire VHIT test procedure. There are many different steps during the test that may individually
influence final test results>'%17-19 It is important to be aware that the two important
parameters provided by the vHIT test, saccades and mean gain values, may not be correct due
to artifacts and/or noise and not because of a compromised VOR function. No standard mean
gain calculation method exists, and individual manufacturers use different calculation methods.
The examiner must thus use caution when comparing mean gain values obtained by different
gain calculation methods.

One particular study found no significant mean gain value differences between several vHIT
systems if the same gain calculation method was applied®. However, another recent study
found differences in mean gain values depending on both the device and gain calculation
method used?®. Obtaining normative data for each individual vHIT device is therefore
advisable?'-24, Several other factors may alter the mean gain values, among these being goggle
slippage (either due to a loose strap or examiner touching the googles), too short of a distance
to the wall, and any covert saccades (in case the AUC gain calculation method is used)®'217:19.25,
Furthermore, no clear definition of pathological saccades exists. Therefore, interpretation of
the head and eye velocity graphs following the examination is needed to determine whether or
not saccades are present. The conclusions drawn after final analysis upon test completion are
subject to inter-rater variation and require previous experience with vHIT testing. It is
recommended to use precise and uniform criteria defining pathological saccades. Until a
consensus is reached on this matter, application of the four standard criteria, defined in a
recent study!?, is recommended.

During the last decade, vestibular testing has undergone a revolution. Many clinical bedside
tests have been replaced by equipment that enables objective testing of all five paired
vestibular end organs. vHIT is superior to the subjective bedside head impulse test and is now
offered at many clinics and hospitals worldwide as the initial test of vestibular function in
vertiginous patients. The test is fast and can be performed with only minor discomfort to the
participant. The test is susceptible to several sources of error, which are more likely to occur if
the test is not performed following certain predefined standards. Definition of clinical skills,
previous experience, and specific requirements/qualifications need to be clearly defined for
both clinical use and research purposes before optimal use of the vHIT test is possible. A recent
study indicated that some level of prior experience is beneficial when performing the vHIT;
therefore, it is recommended that future examiners undergo systematic training before
performing vHIT in a clinical setting’4. The vHIT test is not just a “plug and play” test; however,
if performed correctly, it offers excellent objective diagnostics of vestibular system functioning.
This test has a high positive predictive value and offers a specificity very close to one hundred
percent!4,
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Vestibular testing of all six Semicircular Canals with video Head Impulse Test Systems.

Author(s):

Dan Dupont Hougaard, Emil Riis Abrahamsen

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access

Item 2: Please select one of the following items:

Open Access

EIThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, -create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JOVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Dan Dupont Hougaard
Department: :
Department of otolaryngology, Head & Neck Surgery and Audiology
Institution: Aalborg University Hospital, Aalborg, Denmark
Title: Associate Professor, MD
— \‘-V P —— ,‘,,..m,!
Signature: 1 2. / Date: December 17th 2018

Please submit a signed and dated c()by of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Click here to access/download;Rebuttal Letter;Rebuttal
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Dan Dupont Hougaard, MD, Associate Professor

Department of Otolaryngology, Head & Neck Surgery & Audiology,
Aalborg University Hospital, Denmark

Hobrovej 18-22

9000 Aalborg, Denmark

Phone number +4561689062

E-mail: d.hougaard@rn.dk

Aaron Berard, Ph.D
Science Editor
JoVE

Aalborg, Denmark, December 13", 2018

Dear Mr. Aaron Berard

| am pleased to re-submit my original research article now entitled “Different test methods
for vestibular testing of all six Semicircular Canals with two separate video Head Impulse
Test Systems” for publication in JoVE.

The manuscript has now been revised according to reviewer comments and a point-to-point
response has been uploaded as well.

The results presented in this article have not been published previously in whole or in part.
However, another article by my co-authors and | has inspired the writing of the submitted
article. Our previous work was entitled “Intra-and interexaminer variability of two separate
video head impulse test systems assessing all six semicircular canals” and was published in
Otology and Neurotology earlier this year. The submitted article to JoVE is not currently
under consideration by any other journal.

Thank you for your kind consideration.

Sincerely,

Dan Dupont Hougaard, MD, Associate Professor
Department of Otolaryngology, Head & Neck Surgery & Audiology
Aalborg University Hospital, Denmark
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Point-by-point response reviewer + editor Click here to access/download;Supplemental File (Figures, 2
Permissions, etc.);Point-by-point response_Rev_Final_01.docx

Point-by-point response

Editorial comments:

Changes to be made by the author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The entire manuscript has been proofread.

2. Figure 4 and Table 1: Please obtain explicit copyright permission to reuse any figures from
a previous publication. Explicit permission can be expressed in the form of a letter from the
editor or a link to the editorial policy that allows re-prints. Please upload this information as a
.doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in
the Figure Legend, i.e. "This figure has been modified from [citation].” Copyright approval has
been obtained for figure 4. This approval has been uploaded together with the revised
manuscript. A new figure (figure 5) has been added instead of Table 1 and has also been
uploaded. This figure contains graphs from another article and an additional approval has
been obtained from this journal site. This approval has also been uploaded with the revised
manuscript.

3. Please revise the title to be more concise. Title has been revised, title page line 2

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead.
All commercial products should be sufficiently referenced in the Table of Materials and
Reagents. You may use the generic term followed by “(see table of materials)” to draw the
readers’ attention to specific commercial names. Examples of commercial sounding language
in your manuscript are: EyeSeeCam (Interacoustics, Denmark), ICS Impulse (Otometrics,
Denmark), OtoAccess, OTOsuite, etc. Trademark symbols, registered symbols and company
names have been removed from the manuscript. This information is described in the table of
materials and appropriate referrals to this have been added to the manuscript. The
commercial software names used for both VHIT systems (OtoAccess and OTOsuite) have been
removed from the manuscript and instead these specifics have been added to the table of
materials. As no generic names for the two separate VHIT systems included in the manuscript
exist, both the term EyeSeeCam and ICS Impulse still appears in the manuscript. Alternatively,
VHIT system A and vHIT system B may replace these terms if you do not want these terms to
appear within the manuscript?

5. JoVE policy states that the video narrative is objective and not biased towards a particular
product featured in the video. The goal of this policy is to focus on the science rather than to
present a technique as an advertisement for a specific item. To this end, we ask that you
please reduce the number of instances of " EyeSeeCam”/”ICS Impulse" within your text. The
term may be introduced but please use it infrequently and when directly relevant. Otherwise,
please refer to the term using generic language. Again, no generic term exists to replace
these two separate VHIT products. Alternatively, the abbreviation ESC or system A may be
used for the EyeSeeCam vHIT system and the abbreviation ICS or system B may be used for
ICS Impulse VHIT system?
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6. Please include an ethics statement before the numbered protocol steps, indicating that the
protocol follows the guidelines of your institution’s human research ethics committee.
This has been added before the numbered protocol steps. Page 3, line 129.

7. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you",
"our" etc.). This has been corrected and especially the term “you” has been removed several
times.

8. Please revise the protocol to contain only action items that direct the reader to do
something (e.g., “Do this,” “"Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases such as
“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.” Please include all safety procedures
and use of hoods, etc. However, notes should be used sparingly and actions should be
described in the imperative tense wherever possible. The abovementioned fraises have been
removed from the protocol.

9. 1.3: Please describe how to make a gross eye movement examination. A description of this
has been added. Page 3, lines 139-140.

10. 1.4: Is any device used to evaluate the size of the pupils? No, this is only done as a
subjective evaluation by the examiner by looking at the pupils.

11. 4.1: Is calibration done through the corresponding software? Please specify software
steps. Yes, calibration is done through the corresponding software. Software steps have been
added. Page 5, lines 199-203.

12. 5.1.1: How to deliver impulses unpredictably? Is this controlled by a computer? This is
done by the examiner and not controlled by a computer or any other device.

13. 5.1.2: Please specify the typical amplitude used in this case. The amplitude has been
added, page 7, line 244.

14. 6.1 and 6.1.1: Please specify the actions being performed here in the imperative tense.
Has been corrected. Page 8, lines 303-307.

15. 6.3.1.1.2: Please list the numbered steps of the VHIT test here. This has been added.
Page 10, lines 330-331 and lines 340-341.

16. 7.1 and sub-steps: These are not appropriate for filming. Please consider removing them
from filmable content. This step and sub-steps have been removed from filmable content.
Page 11, lines 362-371.

17. After you have made all the recommended changes to your protocol (listed above), please
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the



most cohesive story of the Protocol. This has been done and a little less than 2.75 pages in
total has been highlighted.

18. Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted part of the step includes at least one action that is written in imperative tense.
This has been done accordingly.

19. Please include all relevant details that are required to perform the step in the highlighting.
For example: If step 2.5 is highlighted for filming and the details of how to perform the step
are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be
highlighted. This has been done accordingly.

20. Please be consistent with whether using upper-case or lower-case letters for panel labels.
This has been corrected.

21. References: Please do not abbreviate journal titles. All journal titles have been revised and
now no abbreviations are found within the reference list. Pages 15 and 16

22. Please revise the table of the essential supplies, reagents, and equipment to include the
name, company, and catalog number of all relevant materials including software. This has
been updated and does now include the appertaining software.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The tests are well described. I think vHIT users should be well informed prior starting with the
devices. In this regard this manuscript is valuable information. In order to bring additional
information compared to the multiple open access user guides and video tutorial provided by
the 2 companies about their products, I suggest taking in account the following comments. I
would especially recommend to add

1. information on methods of gain calculations (be more accurate and comment each
strategy), More information on the two different gain calculation methods have been added
and the two strategies used have been commented. Page 2, lines 80-86.

2. which information is taken from the motion sensors (one axis?) for the gain calculation as
the motion sensors are 6D This information has been added to the manuscript, page 4, lines
157-159.

3. how is the eye recording analyzed.
I have added this information (provided by the two companies) to the introduction, page 2,
lines 94-99.

4. Comment on the different head/eye/visual target positions for vertical canals. This has been
added to the discussion, page 15, lines 499-503.



30: not 2013. Has been corrected and now it has been clarified that authors refer to
commercially available vHIT testing of all three paired semicircular canals in 2009 and 2013.

43: of the canal system in the domain of high frequenccies. It has been added to this
sentence, that the VHIT test offers objective assessment of the function of the Aigh frequency
domain of the vestibular system. Page 1, lines 43-44.

59: actually with the version of 2009 it was already possible to test the vertical canals... It has
been corrected and specified that the version in 2009 enabled testing of all 6 semicircular
canals. Page 1, line 60.

68: is this true? I think it is worth mentioning the synapsis system The VHIT Ulmer from
Synapsys in France is now also mentioned as a widespread vHIT system. Page 2, lines 66-69.

70: acceleration or velocity Velocity. This has been corrected. Page 2, line 70.

92: actually the stimulus should ideally be above 150°/s , of course it can be of interest to also
include lower angular velocities. This has been corrected, page 2, line 92.

126: ? Has been clarified that the examiner must conclude which eye is the optimal one for
the recording of eye movements following examination of the eye. Page 3, line 145.

137: please you should use the term motion sensor or be accurate and specify what kind of
motion sensors... both systems are not only equipped with gyroscopes... This has been
corrected and specified, page 4, lines 157-159.

141: you should remove "try", it is important to have the dot at eye's height. An option would
be to have dots at different heights “try” has been removed and the other option added. Page
4, lines 163-165.

152: Write: " ajust the googles on patient's head. It must be tightly fixed! (this is crucial)
Although it should not be painful, in most cases it is not confortable... The wording has been
added. Page 5, line 175.

164: ? what do you mean: to flutter with the lower eyelid The wording has been corrected and
should now appear meaningful. Page 4, line 186.

182: we actually indicate which dot the patient has to look at, we remain on each dot for 2-3
sec and go through all of them wording has been changed accordingly. Page 6, line 205.

228: °/s instead of ms has been corrected. Page 7, line 252.

231: I think "predefined data algorithm" is not enough , you should define it as it is the case
for the Eye See Cam. These criteria have been added for ICS Impulse. Page 7, lines 256-261.

236: here a variant: the patient can bite on a wooden tongue depressor, it had stability to the
jaws. Moreover the thumbs can be positioned on the mastoid and other fingers on the
mandibular. Has been added to the text in parenthesis. Page 8, lines 270-272.



246: here you should clarify and describe better the relation between target-eye-chair
positions. Several combinations are used. Choose one and give arguments why it's better than
other options. Ok you do it in the following points. One method has been chosen and
arguments why this option is the best has been given. Page 8, lines 275-277.

297: please give a reference for the normal mean gain values 0.8-1.2 and can comment the
fact that gains are >1.00. A reference has been added (ref. 7; actually table 1 p. 400 and text
p. 416 in this book explains these normative data). In theory gain values cannot be above
1.00 as this indicates the peek eye velocity is higher than the peek head velocity. However,
there are a lot of conditions that may affect/alter the gain values to be a little higher than
expected in normal individuals. VOR gain is not a fixed immutable quantity bit it can be
changed by a variety of procedures. Subjects who have worn magnifying spectacles have
increased gain even when the spectacles are removed and convergence (patient to close to
the target) causes higher than 1.00 gain values. Page 9, line 327 and page 10, line 337.

318: where comes this assumption from, give a reference or explain.

321: same comment as for 318 A reference was already added in step 6.3.3 which is
preceding the sub-steps listed below including the same first three numbers (6.3.3.1 and
6.3.3.2). Therefore, no additional references have been added, as this reference refers to both
this step and the subsequent sub-steps.

380: Figure 2 legend: there are dots and lines, gray and black in left and middle graphs, only
black dots in right. PLEASE CLARIFIY! Like described in the official user guide... Figure legend
has been described as suggested and according to the manual. Page 12, lines 414-421.

389: note that the company providing eyeseecam also propose a second technique for
measurement of the LARP and RALP, head turned to the right for LARP and to the left for
RALP , can you comment or add this as an option? A comment has been added to the
introduction, page 3, lines 125-126. An additional explanation has also been added to the
figure legend describing figure 4, page 13, lines 442-444.

448-449: actually to my understanding (I might be wrong, but I doubt it...) 3D is misleading
or even not correct, indeed the analysis of the video recording is 2 D in both systems. The
difference is that in the ICS system by using the proposed eye position relative to head the
torsion component is minimized. That is correct in terms of the analysis. Both these VHIT test
systems measure eye movements in only 2 dimensions. The original test method was,
however, termed the 3D test method. This term was therefore chosen for this type of testing.

To be correct all eye movements should be described in 3 D (cf ref ROBINSON), nevertheless
it is very tricky to capture the torsion component (without physical markers on the
conjonctiva) with the current systems...therefore 2 D analysis are most often used, which is
acceptable most of the time.

Any way I don't think the torsion component modifies significantly the results.

I recommend that you clarify this issue already in the introduction! Clarification has been
added to the introduction, page 3, lines 122-124.



Reviewer #2:

Manuscript Summary:

The authors present a detailed guide about the use of both actually most distributed vHIT
devices. In this manuscript methods are perfectly detailed, clear and well redacted, this review
did not noticed any preference by the authors to any of the both devices. An adequate
reference to literature was also made by the authors, the discussion and conclusions are
accuracy and in concordance with known scientific evidence.

This reviewer did not found any relevant question to do to the authors about this text. My
congratulations for this job.

I only suggest to the authors to add a specific economic conflict of interest disclosure because
of the two specific devices that were used in this manuscript and it is important to clarify if the
authors have any kind of relation with any of the two devices manufacturers. vHIT testing at
our Department is often done with both devices described in the manuscript (eyeSeeCam and
ICS Impulse); especially patients exhibiting results that are non-conclusive are often tested
with both devices. No economic relationship with neither of the manufacturers have led to the
acquisition of these devices. As requested, a specific economic conflict of interest has now
been added. Page 16, pages 538-539.



Point-by-point response final, editor Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Point-to-point-response Dec 17 2018.docx

Point-by-point response
Title, Page 1, line 2. The editing of the title is accepted by the authors.

Due to our restriction on appearance of commercial names in the manuscript, | have replaced
EyeSeeCam with “vHIT system A” and ICS impulse with “VvHIT system B”. This is fine to replace
commercial names with vHIT system A and B instead. | have added “respectively” to clarify. Page 2,
line 72.

Not critical to film so | have unhighlighted this. Fine to un-highlight 2.1.1, page 5, lines 181-185.
| have removed one “the” as it appeared twice in the text describing step 2.1.2. Page 5, line 187.

If two different systems with two different mounting setups are used, | recommend only one system
be shown in the video to avoid confusion and avoid going back and forth between two different
setups. Step 3.2 has been un-highlighted. The most important thing is a tight goggle fit, and this is
also briefly mentioned in 3.1. Page 5, lines 206-211.

Step 3.3. The last sentence has been re-highlighted as this is very important. Page 5, line 214.

Unhighlighted as it appears optional. Okay to leave out step 3.3.1 from the video. Overall point has
been briefly mentioned in 3.3. Page 6, lines 213-214.

Unhighlighted steps pertaining to ICS impulse for clarity and conciseness. Fine to un-highlight step
3.4.1. Page 6, line 227-228.

Unhighlighted steps pertaining to ICS impulse for clarity and conciseness. Fine to leave some of the
calibration steps and it is not necessary to show the complete calibration of both types of VHIT
systems. All steps concerning vHIT system A has been un-highlighted and instead some of the steps
for calibration of VHIT system B have been highlighted as this procedure is shorter compared to vHIT
system A. A comment may, advantageously, be added to the video at the end of the sequence with
calibration of vHIT system B to emphasize that calibration steps are different for vHIT system A.
Page 6-7, lines 292-304.

I’'m not sure how we can film this whilst ensuring continuity between steps. Guidelines such as these
are best left unhighlighted, so | have excluded them. We can include them if you can provide more
details on “how” the impulses are delivered. For example, are they delivered using software
control? If so please mention button clicks and parameter set up.

Does the experiment deliver the impulse her/himself? Unclear how they control the acceleration
and velocities in this case. | believe it is very important to re-highlight parts of steps 5.1; 5.1.1; 5.1.2
and 5.1.2.1. It is indeed possible to film the examiner doing head impulses that are both
unpredictable, abrupt and fast. Fine to leave the exact numbers out for the filming. Head impulses
are done manually, but there is a software control that evaluates every head impulse inflicted during
the testing. (step 6.1 describes this briefly). Some head impulses may be not be included in the final
report if certain predefined algorithms in the software are not met. Page 8, lines 308-317.
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Per second? “per second” has been added at page 8, line 321.

How exactly is this done? Mention software button clicks. The examiner stands behind the
participant and place both at the jaws. Fast head turns (head impulses) to each side are performed.
The software counts the number of head impulses accepted to each side. A short comment on this
has been added. Page 8, lines 348-349.

Figure 3 needs to be called out before fig 4. “See figure 3” has been added to the text in the
calibration section following the description depicted in this figure. Page 7, line 296.

Unhighlighted 5.3.3-5.3.3.2.2 as it pertains to system B. It is crucial that the video shows the two
different types of VHIT testing. Therefore, the un-highlighted steps need to be re-highlighted. Step
5.3.3 through step 5.3.3.2.2 has been re-highlighted. Page 9, lines 363-383.

In which direction? The rotation of the chair must be 45 degrees to either side as described in detail
in both 5.3.3.1 and 5.3.3.2. A small addition has been made about this. Page 9, line 364.

Where are the markings exactly? Fixed markings on the floor refers to a standard set-up where the
clinic tries to minimize possible artifacts by providing a standardization of the test procedure. Fixed
markings on the floor should ensure that the distance between the participants test eye and the
markings on the wall are at least 1 meter (and also the same with every participant). Page 9, lines
364-367.

Define the acronyms RALP, RA, LP. LARP, LA, RP. These have been defined. Page 9, lines 369-385.
Our journal style requires that the steps 5.3.3.1 —5.3.3.2.2. be written out as full sentences avoiding
the use of the the short subheading with colon at the start. Please edit. This has been edited. Page

9, lines 369-385.

In the horizontal plane? Yes. This has not been revised in the manuscript as the authors believe that
it is implicit that a turn of a chair is in the horizontal plane.

Is the chair brought back to 0 degree? No. The described rotations of the head will be done with the
chair (and the participant) turned 45 degrees to the side.

Highlighted for completeness (step 5.3.4.1). This is fine

Unclear what this is. Please avoid the subheadings in the steps. This has been corrected. Page 10,
lines 397-403.

6.3 Nothing to film here so | suggest unhighlighting. We can film if you have a figure to accompany
it. The evaluation and interpretation of the test is very important. | therefore suggest that this step
remains highlighted. Figures 7, 8, and 9 in the manuscript show examples of these reports and it will



also be possible to create (and film) new reports in conjunction with the video recordings. Page 11,
lines 441-443.

Figures 6-8. Please add additional discussion and interpretation of these results here. The criteria
for a normal vHIT examination are listed in the accompanying figure legends to these figures. A
clarification has been added. Page 13, lines 543-548.

Figure 9. lease add additional discussion and interpretation of these results here. An additional
discussion and interpretation have been added. Page 14, lines 553-558.

aVOR. Add to the table of materials. The name of the app has been removed from the manuscript
and added to the table of materials. Page 14, line 588.

RALP. Define. RALP has been defined as well as LARP in the following sentence. Page 14, lines 594-
595.

Figure 5: Unclear what the x and y axes on the graphs represent. The definition of what black and
red lines indicated should appear on panel a instead of e. Information about x and y axis has been
added and definition of red and black lines has been moved to panel A. Page 15, lines 611-612.

Figure 6: What is on the x axis in the impulse right and impulse left plots? Thorough explanation of
the two graphs has been added to the figure legend as well as a label on the x-axis within the figure.
Page 15, lines 623-632.

Figure 7: This is a propriety name, do we really need it here? Please replace with a generic
alternative or remove it. Name has been removed. Page 15, line 634.

Figure 7: The right posterior and left posterior plots are missing x and y axis labels. X- and y-axis
labels has been added to the posterior plots.

Figure 8: This is a propriety name, do we really need it here? Please replace with a generic
alternative or remove it. Name has been removed. Page 15, line 638.

Figure 9: The fonts are too small to read. | suggest splitting Fig 9 into 2 figures and increasing the
size of the figures and fonts. The original figure 9 has been split into two figures. The reports from
the original figure 9 has been split into both a new figure 9 (reports from vHIT system A) and a figure
10 (reports from vHIT system B). The figure legends have been adjusted accordingly. Page 16, lines
642-655.
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