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SUMMARY

Idiopathic Intracranial Hypertension (I1H) is a neurological disorder which can
cause the irreversible vision loss due to increased pressure in intracranial space. High
pressure in intracranial space expands the optic nerve sheath (ONS), therefore, the optic
nerve (ON) gets out of its shape, which triggers the optic nerve twist and globe flattening.
Because the elevation of pressure is scientifically unknown, many studies have been
conducted to find the root of pressure increase. Meanwhile, none of the previous studies
have analyzed the optic nerve sheath diameter (ONSD) change and cerebral spinal fluid
(CSF) volume change between pre-CSF drainage vs. post-CSF drainage. This study used
T-2 weighted magnetic resonance (MR) imaging techniques to quantitatively measure the
ONSD, and compared the ONSD between pre- and post-lumbar puncture procedure. 75%
of regions of interest (ROI) which are selected along the optic nerve showed that CSF
area and ONSD decreased after the lumbar puncture procedure. Statistical significant
difference was found at 11mm anterior to the vitreoretinal interface. In addition, the

difference in volume after the lumbar puncture procedure was 2.7mm?.



INTRODUCTION

Idiopathic Intracranial Hypertension (I1H) is a syndrome which is characterized
by headache, vomiting and sometimes irreversible vision loss.>® Specifically, abnormal
cerebrospinal fluid (CSF) pressure in intracranial space triggers the morphology change
in the optic nerve (ON) and the optic nerve sheath (ONS), causing patients to suffer from
vision loss as well as other related symptoms. The cause of CSF pressure elevation in
intracranial area is clinically and scientifically unknown.®® However, a previous study
concluded that humans who were exposed to a different pressure environments had a
similar impact on their vision:! Astronauts who have been exposed to microgravity tend
to have similar symptoms as I1H patients such as posterior globe flattening, ON
protrusion, and increased optic nerve diameter (OND) and optic nerve sheath diameter
(ONSD).! Currently, treatment for I1H is by manually draining cerebrospinal fluid out to
reduce the pressure. The diagnosis of 11H can be determined by measuring the pressure in
spinal pressure as well as magnetic resonance (MR) imaging. Previous studies indicate
that there is a correlation between pressure difference in CSF and ONSD.* In Shofty et
al’s study, regardless of age groups, ONSD increased as CSF pressure increased.* ONSD
measurement was conducted by looking at examinations of MR images; however, this
method does not measure the dimension of the ONS at multiple locations and did not
look at changes in ONSD due to CSF drainage.

The purpose of this study is to identify and analyze the diameter change of ONS
and ON between pre- and post-CSF drainage by using qualitative and quantitative MR

imaging techniques. We believe that this study will further provide quantitative and



qualitative information about whether the appearance including OND and ONSD will

return to normal after conducting surgery.

LITERATURE REVIEW

I1H is a disorder that is characterized by elevation of pressure around the brain,
and 94% of I1H patients experience headache, 68% have transient visual obscuration,
58% exhibit pulse synchronous tinnitus, and 44% of them suffered from retrobulbar
pain.® These symptoms are correlated to CSF, which is a clear fluid that is located around
the brain which plays a role as a cushion to protect the brain from external damages.
Because of high pressure in the CSF, the ONS expands which might induce chronic
vision loss (30%).° Elevation of pressure in CSF may be caused by pressure difference in
patient’s surrounding environment; however, I1H patients, who have never exposed to
micro-gravity, express similar symptoms as those of astronauts who have been exposed
to micro-gravity. This fact undermines the previous assumption that high pressure in CSF
is caused solely by environmental factors. Distention of ONS, tortuosity of ON, flattening
of the posterior globes and ON head protrusion are the common symptoms for 11H
patients.? High pressure in CSF can be decreased by placing a flexible tube in the lumbar
spine so that CSF can be drained out through a tube, making less fluid in the brain and
spine which is known as lumbar puncture procedure or spinal tap. In general, CSF is
collected in order to diagnose the diseases or cause of infection11. Although treatments
for 11H exist, the cause of abnormal pressure in CSF is still unknown.

The MR imaging techniques have been used to confirm the abnormalities in

neuro-ophthalmic examination.* By using MR imaging technique, previous studies have



been conducted to analyze the degree of symptoms such as ON head protrusion, ON
tortuosity and distension of ONS by comparing data between two or more groups.

To analyze the ONSD between healthy and I11H patients, Shofty et al. divided
subjects into four age groups: 0-3 years; 3-6 years; 6-12 years; 12-18 years.* In order to
be consistent with the result, ONSD was measured 1cm anterior to the optic foramina.*
As a result, the mean of ONSD of healthy groups was significantly smaller than 11H
patients group regardless of age and sex.*

A previous study examined whether MR imaging findings are associated with
visual outcomes in I1H patients. Saindane et al. divided patients into three different
groups: no vision loss (n=28), some vision loss (n=10) and severe vision loss (n=8).3
There was a significant difference in presence of cephaloceles.® Therefore, further study
was pursued to analyze the differences in demographic and MR imaging findings
between I1H patients with cephaloceles and 11H patients without cephaloceles. The
degree of pituitary grade was classified from 1 (non-invasive) to 5 (invasive). As a result,
the group with severe vision loss had no cephalocels, which was very significant
compared to other two groups (p=0.01).2 Therefore, this study stated that it is interesting
to hypothesize that the existence of cephalocels and CSF leakage might provide an
alternative route to I1H patients: vision loss can be hindered by developing cephalocels,
thereby, decreasing the pressure in interstitial fluid.® The data shows that young patients
are unlikely to have cephalocels and have higher opening pressure (OP) than older
patients.® Therefore, younger patients have a higher risk of vision loss. This result asserts

that age and OP are highly related to the existence of cephalocels and the likelihood of
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vision loss.® Unfortunately, they could not further perform the study to explore this
interesting issue due to a lack of patients.?

Most of the previous studies measured ONSD on few ROI by making manual
measurements. In our study, edges of the ON and ONS were detected by using region-
based image segmentation method, therefore, areas of CSF can be determined by
recognition ON and ONS boundaries.®

As stated above, no previous studies have evaluated ONSD difference between
pre-operation I1H patients group and post-operation I1H patients group. Therefore, our
goals include quantitatively measuring the ONSD by using T-2 weighted MR imaging
technique to analyze the difference. In addition, we will measure the volumes of CSF by

using image processing.
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METHODS AND MATERIALS

Samples

Total number of eight I11H patients underwent a MR imaging examination before
the CSF drainage and after the CSF drainage at Emory University Hospital. The median
age for the eight patients in this study was 28.875 years (range, 20-42 years). All of the
patients were female, and the median weight was 114.515 kg (range, 90.71-136.07 kg).
T2-weighted MR imaging was performed with the thickness of 1.5mm. Each patients

provided pre- and post- CSF drainage data, and each data contained 29 images.

Data Collection

OsiriX

OsiriX, an image processing application, was used to select ROIs and to read the digital
imaging and communication in medicine (DICOM) file. Vitreoretinal interface, the
junction of ON with the globe, was determined as reference point for consistency. In each
images, the second ROI was chosen at the point 1.5mm anterior to the vitreoretinal
interface as shown on Figure 1. Then, fourteen more ROIs were selected along the ON
with the intervals being 1.5mm as shown on Figure 2; therefore, we observed ON from
vitreoretinal interface to approximately 3cm anterior to the vitreoretinal interface.

After collecting twenty-nine axial images (Figure 3) along the ON, first image
was dropped because image showed the axial image of the vitreoretinal interface (Figure
4). As ROIs approached to the end of the ON, the image resolution gradually decreased.
However, some images were very clear at the end of the ON, therefore, no images other

than first image were dropped until the entire image acquisitions were completed.
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Although ROIls were chosen with 1.5mm intervals, we changed the gap between ROIs to
1mm in order to obtain more data points.
MATLAB

Each image files were renamed in serial order, 000X-00Y, in order to
automatically and reproducibly measure the ONSD and CSF area. First four digits with
mark “X” represents the patient’s number whereas last three or four digits indicate the
ROI. For instance, 0005-0023, indicates that an image is from patient 3 (X/2=2.5->3
rounded up), post-CSF data (X=odd number), and 23mm anterior to the vitreoretinal
interface. After all of the images were named in serial order, the intensity of the images
were transformed with parameters (low-intensity: 0.05 high-intensity: 0.8) as shown in
Figure 5. Next step was to select initial seeding points which takes an important role in
CSF contour detection. If the initialization box covers CSF, ON and ONS, CSF contour
will be easily detected (Figure 6). In this study, initial seeding points tuned to be (53:85,
75:120), (y-minimum: y-maximum, Xx-minimum: X-maximum), respectively. This seeding
points allowed all of the image data to be tested with no error occurrence. The contour of
CSF spreads out from the initialization box until it reaches the preset duration, 200,
which displayed the most similar looking image when compared with drawing which is
done by hand (Figure 7). After detecting the contour of CSF with 200 iterations, images
were transformed to black and white images as shown in figure 7. The area of CSF was

measured by transforming image size from pixels to mm?.
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Data Analysis

After final data were automatically saved in excel file, we ran the MATLAB
code again to consider if data should be either dropped or used. By doing so, such images
described in Figure 8 were dropped. In order to obtain large size sample, we combined
left and right eyes differentiating between pre- and post-CSF drainage data. For statistical
analysis, two tailed unpaired t-test was used to evaluate the statistically significant
differences. In order to calculate the volume along the ON, Riemann Sum approximation

was used as described below (Figure 11).

29

Volume = Z CSF Area (k) x Imm (where k is k(mm) anterior to the vitreoretinal interface)
2

RESULTS

As a result, approximately 75% (21/28 ROIs) showed that the ONSD and CSF area were
decreased after the lumbar puncture procedure or post-CSF drainage (Figure 9, 10). The
result of average CSF area in pre- and post-CSF are shown in Figure 10. The significant
difference was found at 11mm anterior to vitreoretinal interface. The total CSF volume

decreased 2.7 mm? after the lumbar puncture procedure.

DISCUSSION

The main findings of this study were that CSF area and ONSD decreased after the lumbar
puncture procedure, statistically significant difference in CSF area and ONSD were found

at appoint where 11mm anterior to vitreoretinal interface. Overall CSF volume decreased
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2.7mm? after the procedure. This study used the automated edge detection algorithm to
find the boundaries whereas previous study manually measured the ONSD. Edge
detection method successfully detected the boundaries of ON, CSF, and ONS with clear

MR images. However, limitations were found with low quality images.

MR Image Acquisition

The quality of MR images are highly dependent on human natural movement such as
breathing, cardiac movement, CSF movement, and blood flow.!® Mainly, there are two
leading causes of MR images artifacts. It can caused by MR scanner hardware itself or by
interaction between hardware and a patient.’® Some MR images were clear enough to
detect the region of CSF with both naked eyes and edge detection algorithm, therefore,
image artifacts were not due to hardware itself but interaction between hardware and a
patient. Little movement during scanning period diminishes the quality of the images,

thereby, more than half of the images were dropped due to low quality.

Selecting Seeding Points

Images were automatically cropped from OsiriX, and axial images were exported to
MATLAB file. Because images were exported as DICOM file, no image transitions
occurred. Axial images were not displayed in the same pixel due to automatic cropping
function in OsiriX. The cropping section was determined by original ROIs selection (red
dots) as shown in Figure 2. Although these ROIs were precisely selected, the errors were
not avoidable due to manual selection. Therefore, issue arose while selecting perfect

seeding points.

15



Duration

Preset durations, 200, was determined by testing many iterations. 150, 200, and 250
durations were tested to define the adequate durations. The edge detection algorithm was
not able to detect the complete edges of ON, CSF and ONS; moreover, detecting edges
took a long time with 250 durations, and the contour of CSF overgrew even the edges

were already completely detected (Figure 12).

CONCLUSION

It was determined that the ONSD and the CSF area were decreased after
undergoing lumbar puncture procedure. Lumbar puncture procedure significantly reduced
the CSF area or volume; it did not however significantly reduce the ONSD after the
procedure. In addition, the edge detection algorithm successfully detected the boundary

of the CSF. However, limitations were found with low quality images.

FUTURE WORK

The abnormal CSF pressure triggered morphology change by inflating ONS. The
lumbar puncture procedure reduced the CSF pressure by draining the CSF out from
patient’s spinal cord. We questioned ourselves that not only ONS but also ON might have
affected by elevation in CSF pressure. Therefore, we can observe the ON morphology
change to prove whether abnormal CSF pressure significantly affects the characteristic of
ON. Because more than half image data were dropped, our next step is to continuously

analyze the ONSD with images which has better quality.
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APPENDIX

~

z b NOT FOR MIEDICAL USE ‘;‘H,‘m"‘mr
Figure 1. Vitreoretinal interface is used as reference point. Vitreoretinal
interface (green dot in red circle) was chosen to be reference point for

consistency.

NOT FOR MEDICAL USE

Figure 2. 3-D curved multiplanar reconstruction (MPR) trajectory.
Red dots represent the ROIs along the ON. A, B, and C are the axial images
of ROIs 1.5, 3.0, and 4.5mm posterior to the vitreoretinal interface. Each
images are not consistently displayed on same quadrant which could trigger
seeding point error.
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Figure 3. Axial images of ON, CSF, and ONS. Doughnut-shaped image on the left
includes the ON (inner black circle), CSF (white color), and ONS (outer circle).
Image A is an axial image of ON, CSF, and ONS at 1.5mm posterior to the
vitreoretinal interface. Image B is an axial image of ON, CSF, and ONS at 3.0mm
posterior to the vitreoretinal interface. Image C is an axial image of ON, CSF, and
ONS at 4.5mm posterior to the vitreoretinal interface.

\ \
NOT FOR MEDICALUSE
\ \

Figure 4. Dropping Vitreoretinal interface image. Twenty
ROIs were sliced perpendicularly with gaps of 1.5mm. The
first ROI (blue box) is the axial image of reference point,
vitreoretinal interface, which is going to be dropped from
our data.
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Before After

Figure 5. Changing intensity of images. Image intensity was
changed in order to visualize the CSF better. Parameters were
selected after multiple trials:

Low intensity: 0.05

High intensity: 0.8

GOOD BAD

Figure 6. Example of selecting seeding point. If initialization box
(white) is large enough to cover the portion of ONS, CSF, and ON,
then detecting CSF contour is available. If not, program will not be
able to detect the edge of CSF.
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Global Region-Based Segmentation Removed Region of ON

Input Image Initialization 200 Iterations

Figure 7. Calculating CSF area. After 200 iterations have been done, image is
transformed to black and white to easily identify the CSF region (white area on
“Global Region-Based Segmentation”) and ONSD. In order to obtain ONSD, we
assumed that round white region is a perfect circle show on “Removed Region of

ON”.

Input Image Initialization 200 Iterations

Figure 8. Examples of dropped images. Images as shown above (“200
Iterations™) were considered as inappropriate image, thus, they were dropped.
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Figure 9. The average ONSD. Scatter with smooth line graph was described as shown
above. Standard deviations were marked with error bar. Blue line represents the pre-
CSF drainage data whereas orange represents the post-CSF drainage data. The
statistical significant difference was found at a point 11mm anterior to vitreoretinal
interface (*).
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Figure 10. The average CSF Area. Scatter with smooth line graph was described as
shown above. Standard deviations were marked with error bar. Blue line represents the
pre-CSF drainage data whereas orange represents the post-CSF drainage data. The
statistical significant difference was found at a point 11mm anterior to vitreoretinal

interface (*).
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NOT FOR MEDICAL USE

Figure 11. The CSF Volume. The CSF volume along the ON was calculated by
following equation:
29

Volume = Z CSF Area (k) x Imm (where k is k(mm) anterior to the vitreoretinal interface)

Duration 120 Duration 200 Duration 250

Input Image

Figure 12. Overgrown ONS contour. The edge detection algorithm was keep
detecting the edges even the contour was already close enough to input image at
“duration 120”.
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