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Lamina Cribrosa Imaging

Tae-Woo Kim and Eun Ji Lee

Abstract

Glaucoma is characterized by the loss of retinal
ganglion cells and axons. Although the patho-
genesis of glaucomatous optic neuropathy is
not fully elucidated, it is generally considered
that axonal damage is the earliest event in the
process of cell death. Since lamina cribrosa
(LCO) is the putative site of axonal injury, under-
standing the changes in the LC and its effect on
the axons are essential to understand the patho-
physiology of glaucomatous optic neuropathy.

With the emergence of spectral domain
optical coherence tomography (SD-OCT), it
became feasible to image the LC in patients.
Using this noninvasive technique, various
observations have been reported including
dynamic features along the course of disease
and according to the variation of intraocular
pressure. These data help understand the optic
nerve head biomechanics in the development
and progression of glaucoma. Although the
image quality of LC obtained by OCT is not
fully satisfactory, postprocessing technique is
available to better visualize the LC. Yet, LC
imaging is not widely used in the clinical
practice. As research continues, it is expected
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that LC imaging will soon be implemented in
the glaucoma diagnosis and patient
management.
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1 Histology of Lamina Cribrosa

Lamina cribrosa (LC) is the sieve-like connective
tissue sheets which contains about 500-600 per-
forations (Ogden et al. 1988). The optic nerve
axon bundles pass through the pores within the
LC. The LC pores in the superior and inferior
part are larger than those in the nasal and tempo-
ral quadrants (Morrison et al. 1989; Quigley and
Addicks 1981; Radius and Gonzales 1981).

The lamina beams are composed of elastin,
collagen (types I, II1, IV, V and VI), laminin, and
fibronectin (Goldbaum et al. 1989; Hernandez
et al. 1986). The elastin is responsible for elastic
property of elastic tissue (Mecham 1991). In
young adults, elastin fibers are thin, long, and run
longitudinally in the lamina beams (Hernandez
et al. 1986). With aging, the density of elastin in
the lamina increases and the elastin fibers thicken
markedly to form long, tubular structures
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(Hernandez et al. 1989). The change in the elastin
with aging probably changes the degree of elastic
property of the lamina.

The beams are dense in the mid horizontal
area of the optic nerve head and elevated com-
pared to superior and inferior region, forming a
bowtie-shaped ridge (Park et al. 2012a). In glau-
comatous eyes, the laminar sheets are com-
pressed and gross configuration shows backward
bowing at late stage (Quigley et al. 1983).
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2 LCImaging Using OCT

LC can be visualized using spectral domain
(SD)-OCT or swept source (SS)-OCT. The LC
appears as a highly reflective plate in OCT images
(Fig. 1). On enface OCT images, lamina pores
are visible. Since the LC is located in the deep
optic nerve head, LC imaging has lower signal-
to-noise ratio than surface structure imaging such
as retinal nerve fiber layer. To alleviate this prob-

Fig. 1 Lamina cribrosa (LC) image obtained by spectral
domain OCT (Spectralis, Heidelberg). B-scan (a, ¢) and
enface (b, d) images at prelaminar (a, b) and LC (c, d) in
a glaucomatous eye. The low reflective dots in the enface
image through the LC consist of multiple pores that cor-

respond to the laminar pores in the fundus photography (e,
black arrows). Owing to the curved nature of the lamina,
the enface image through the prelaminar tissue contains
some lamina tissue in the central area (arrowheads).
Adopted and modified from Lee et al. (2011)
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Fig. 2 Lamina cribrosa (LC) images obtained from
SD-OCT (Spectralis, Heidelberg) and SS-OCT (Triton,
Topcon). Images postprocessed by adaptive compensation

lem, multiple separate scans are obtained at each
scan position with the aid of eye tracking system
and the result is averaged. The larger the image
frames averaged, the higher the image quality.
However, it requires longer time to obtain greater
number of frames, which often lead to patient’s
poor cooperation. About 2042 frames are gener-
ally used for SD-OCT in LC imaging (Lee et al.
2011, 2013a).

Swept Source (SS)-OCT is a newer genera-
tion of OCT that uses a short cavity swept laser
with a tunable wavelength of operation. It has a
longer central wavelength (1050 nm) compared
to conventional SD-OCT (840 nm), providing
deeper penetration. Due to this capability, high
quality images can be obtained by averaging
small number of image frames than SD-OCT. This
enables the LC imaging to be completed within
shorter period of time using SS-OCT compared
to SD-OCT.

To further improve the visualization of LC,
the OCT images can be postprocessed using an
adaptive compensation technique which was
developed by Girard and Mari et al. In this algo-
rithm, standard compensation operations are per-
formed until an energy threshold is reached, at

SS-0CT

are shown in the bottom. The LC surface is more clearly
visible after adaptive compensation especially in the
region of vascular shadow (yellow arrow)

which stage the compensation process is stopped
to limit noise over-amplification in the deeper
portion of the OCT image. This method is robust
in that it can remove the shadows of blood ves-
sels. Using this technique, the anterior surface of
the LC can be more readily delineated (Fig. 2)
(Girard et al. 2015).

3 Protocols to Image the LC

LC image can be evaluated using raster scans or
radial scans. Each method has advantages over
the other methods. Radial scan has advantage to
see the LC insertion along the meridians.
However, because of the bowtie-shaped central
ridge of the LC (Park et al. 2012a), LC shape typi-
cally appears as a W-shape in vertical scans, and
varies largely along the meridians (Fig. 3A). This
large variability along the meridian makes it dif-
ficult to assess the LC shape using a simple
parameter on images obtained by radial scans.
Raster scans obtain multiple horizontal scans par-
allel to each other. The LC has a relatively regular
configuration in the horizontal plane, with a flat or
U-shaped appearance with different regional
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Fig. 3 Comparison of the patterns of the lamina cribrosa
(LC) shape in radial (A), and raster (B) B-scans. Note that
the largely different patterns of LC shape in radial scans
(A). In contrast, the LC has a relatively regular configura-

tion in the horizontal scans, with a flat or U-shaped
appearance with different regional steepness (B). Note the
central ridge (yellow arrow) in the vertical B-scan from 12
to 6 o/c. Adopted and modified from Lee et al. (2019)
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Fig.4 Measuring the LC depth (a) and LC thickness. Distance to the posterior border of the LC is measured (b). From
both measurements, the LC thickness can be calculated

steepness (Fig. 3B). Therefore, the LC shape can
be readily evaluated on horizontal scans using LC
curvature index (LCCI). Moreover, measuring
LCCI on horizontal scans allows separate assess-
ment of the LC morphologies in the superior and
inferior region, which are often different in an
individual eye (Kim et al. 2019a).

4 Indices to Evaluate LC
Morphology

4.1 LCThickness

LC thickness can be measured as the distance
between the anterior and posterior LC surface
(Fig. 4). Although it is measurable in many eyes,
the posterior LC border is often difficult to delin-
eate hampering the measurement of LC thick-
ness. The LC thickness is relevant with glaucoma
pathophysiology because it is associated with
translaminar pressure gradient.

The LC forms the border between the intraocu-
lar space and the retrobulbar space. In general, the
intraocular pressure is higher than CSF pressure.
Therefore, a pressure gradient exists across the
LC. At a given pressure difference between both
sides of lamina, the pressure gradient is greater
when the lamina is thinner (Jonas et al. 2004). An
abnormal pressure gradient influences the physi-
ology of the optic nerve fibers, with their ortho-
grade and retrograde axoplasmic flow (Anderson
and Hendrickson 1974; Quigley and Anderson
1976). Therefore, it is possible that eyes with thin-
ner LC are more susceptible to glaucoma.

4.2 LCDepth

LC depth from Bruch’s membrane opening
(BMO) has been suggested as a parameter to
evaluate LC morphology. Since Bruch’s mem-
brane opening is clearly visualized in most OCT
images, BMO can be used as a reliable reference
(Fig. 4). However, LC depth from BMO has a
limitation. LC is sustained by load-bearing con-
nective tissues of the peripapillary sclera. Thus, it
would be more reasonable to assess LC morphol-
ogy (and changes with IOP) from the scleral
plane or directly within the LC. When the LC
depth is measured from the BMO level would
inappropriately include the choroidal thickness.
Since the choroidal thickness varies among indi-
viduals and with aging within an individual
patient (Rhodes et al. 2015), LC depth measure-
ment form BMO may provide a biased assess-
ment. To overcome this limitation, Vianna et al.
(2017) suggested anterior scleral opening as a
more reliable reference structure to measure the
LC position. The measured depth is not influ-
enced by the choroidal thickness. However, the
anterior scleral opening is often difficult to reli-
able detect in OCT images.

4.3 LC Curvature Index (LCCI)

Since LC deformation occurs as a posterior bow-
ing pattern, measuring the LC curve can be used
to evaluate the LC strain. Differing methods have
been suggested to evaluate the LC curve. Lee
et al. suggested a simple parameter which was
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Fig. 5 Measurement of the lamina cribrosa curvature
index (LCCI using a horizontal raster scan). The LC cur-
vature depth (LCCD) was measured at the maximally
depressed point as the distance from the reference line
which connects two points at the anterior LC surface
below the Bruch’s membrane opening. The LCCI was
measured by dividing the LC curve depth (LCCD) by the
width of the reference line (W) and multiplying by 100.
Adopted and modified from Lee et al. (2017)

named as LC curvature index (LCCI) (Lee et al.
2017). The LCCI was measured by measuring
the LC depth from a reference line which was
made by connecting two peripheral points on the
anterior LC surface. The measured LC curve
depth was divided by the width of the reference
line and multiply by 100 (Fig. 5).

Another method that can be used in assessing
the LC curve has been suggested by Kim et al.
2016a. They calculated the difference of mean
mean depth from a reference line set in the LC
surface and the LC insertion depth. To do this,
they first measured the area demarcated by the
reference line, two vertical lines from the LC
insertion to the reference line, and the anterior LC
surface. Then, the area was divided by the dis-
tance between the two LC insertions for the mea-
surement of mean depth.

4.4 LCInsertion Depth

Posterior migration of the LC insertion has been
recognized in histologic studies. Using a high
quality LC images particularly with postprocess-
ing by adaptive compensation, the LC insertion
can be identified. The LC insertion depth can be
measured from the anterior scleral opening level.
Lee et al. (2014a) demonstrated that LC insertion
depth was greater in eyes with POAG compared
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Fig. 6 LC insertion depth can be measured as the dis-
tance from the anterior scleral opening (yellow circles) to
the LC insertion point (red circles)

to healthy eyes, which accords to the histologic
findings (Fig. 6). The utility of LC insertion depth
in the clinical practice remains to be explored.

5 Findings in Glaucoma

5.1 Thinner LC

LC thickness correlated significantly with visual
field mean deviation (Inoue et al. 2009). Lee
et al. (2011) demonstrated that LC thickness is
smaller in eyes with glaucoma compared to
healthy eyes.

Park et al. demonstrated that LC was thinner in
the POAG and NTG groups than in the normal
control group. Interestingly, they found that the
lamina was also significantly thinner in patients
with NTG and disc hemorrhage than in those with
NTG but no disc hemorrhage (Park et al. 2012b).

A thinner LC would be associated with steeper
translaminar pressure gradients when other con-
ditions are equal (Jonas et al. 2004; Burgoyne
et al. 2005). Therefore, it is not surprising that LC
is thinner in eyes with glaucoma.

5.2 Dynamic Behavior According
to IOP Change

Experimental glaucoma model studies demon-
strated that LC morphology changes according
to the variation of intraocular pressure. As it
became possible to image the LC in patients,
reduction of anterior LC depth and flattening of
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Fig. 7 Enface (a, e) and B-scan images obtained preop-
eratively (b, f) and at 1 (¢, g) and 6 months (d, h) postop-
eratively in 15- (top) and 80-year-old (bottom) patients.

the LC curve after IOP lowering treatment has
been demonstrated (Fig. 7) (Lee et al. 2012,
2013b, 2016a, 2020; Barrancos et al. 2014;
Krzyzanowska-Berkowska et al. 2018). Further,
redisplacement of the anterior LC surface to the
posterior direction has been demonstrated when
the IOP re-elevated after bleb failure in patients
who underwent trabeculectomy (Lee et al. 2013a).
The anterior displacement of the anterior LC sur-
face or flattening of the LC curve after IOP lower-
ing is more prominent in young patients (Lee
et al. 2012; Esfandiari et al. 2018), but also seen in
elderly patients. The difference according to age
suggests that the LC is more compliant and resil-
ient according to IOP change in younger ages.
Theoretically, LC depth change can occur in
opposite direction (i.e., posterior displacement
upon IOP lowering). Finite element analysis has
shown that anteroposterior displacement of the
LC varied greatly depending on the properties of
the lamina and sclera (Sigal et al. 2011). When
the peripapillary sclera is more compliant than
LC, IOP elevation can expand the canal, which in
turn pulls the lamina taut from the sides. In this
case, the LC depth may decrease when the IOP is
increased. However, there has been little report
which demonstrated this phenomenon in patients.

5.3 Greater LCCI

They demonstrated that LC curvature as assessed
by LCCI also changes depending on the IOP

Note the reduction of LC depth and LC curvature. The
changes are seen more clearly in young patient. Adopted
and modified from Lee et al. (2012)

change (Lee et al. 2016a). In addition, the LCCI
performed better than LC depth measured from
Bruch’s membrane opening in discriminating
between healthy and glaucomatous eyes (Lee
et al. 2017). This finding suggests that the LC
curvature may better characterize the glaucoma-
tous LC deformation. This is probably because
the LCCI is not affected by choroidal thickness.
Kim et al. demonstrated that the LC curvature
assessed by mean LC depth was greater in POAG
eyes with high IOP than those with low IOP (Kim
et al. 2016a).

The greater LCCI is associated with location
of damage in individual patients. In unilateral
glaucoma patients, glaucomatous eyes have
greater LCCI than fellow healthy eyes (Kim et al.
2019b). Moreover, LCCI was greater in the hemi-
field corresponding with the location of RNFL
defects compared to the opposite hemifield in
glaucomatous eyes with hemifield optic nerve
damage (Kim et al. 2019a).

5.4 Focal Lamina Defects

Several studies have demonstrated localized
structural alteration of the peripheral LC, includ-
ing focal LC defect and pit (Fig. 8). The focal LC
defects were topographically correlated with
localized neuroretinal rim loss, retinal nerve fiber
layer defects, visual field defects, and parapail-
lary choroidal dropout (Park et al. 2013; You
et al. 2013; Park et al. 2017a).
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Fig. 8 Focal lamina
cribrosa (LC) defect is
seen in the B-scan (b)
and reconstructed 3D
images (c) at the
location indicated in
infrared photograph
(green horizontal line in
the inferior periphery, a)
(yellow arrows). Focal
neuroretinal rim is seen
over the focal LC defect
(red arrow)

5.5 Findings in Eyes with Disc
Hemorrhage

Disc hemorrhage is often found in glaucoma
patients and associated with glaucoma progres-
sion. The pathophysiology of disc hemorrhage is
largely unveiled. Several LC imaging studies
have suggested that LC deformation is associated
with disc hemorrhage. Lee et al. demonstrated
the structural alteration in the LC images obtained
before and after DH, which were separated about
1 or 2 years (Fig. 9) (Lee et al. 2014b). This find-
ing suggests that the DH may result from the
disruption of capillaries in the laminar beams
during the development of focal LC defect. In
line with this finding, cross sectional studies
demonstrated the association of DH and focal LC
defects (Park et al. 2013; Kim and Park 2016;
Kim et al. 2016b). Kim et al. have shown that the
size of DH which corresponds to focal LC defect
location tends to be larger than DH without cor-
respondence (Kim et al. 2016b).

5.6 Association with Rate
of Glaucoma Progression

Several characteristics of LC identified by OCT
imaging have been found to be associated with

rate of glaucoma progression. First, focal
defects of the LC have been shown to be associ-
ated with the rate of glaucoma progression.
Faridi et al. have shown that eyes with focal LC
defects tend to progress faster than those with-
out (Faridi et al. 2014). Park et al. demonstrated
that glaucoma eyes with DH at the site of focal
LC defects showed frequent and faster visual
field progression compared with DH not accom-
panied by LC alterations or LC alterations not
accompanied by DH (Park et al. 2017b). They
reported in a separate article that the presence of
focal LC defects was related to the rate of infe-
rior RNFL thinning while a deeper and thinner
LC was related to the rate of superior RNFL
thinning (Park et al. 2017c¢).

Lee et al. investigated the relationship between
LC change behavior and rate of glaucoma pro-
gression after trabeculectomy. They found that
eyes with sustained LCD reduction over a long
period had a slow rate of progressive RNFL thin-
ning after trabeculectomy. A large LCD reduc-
tion in the early postoperative period was not
associated with the long-term rate of progression
if it was not maintained during subsequent fol-
low-up (Lee and Kim 2015).

The LCCI has also been shown to be associ-
ated with the rate of visual field deterioration in
POAG eyes (Ha et al. 2018). In addition, the
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Fig. 9 Fundus photographs and SD-OCT B-scan images
at the meridian (dotted lines) of disc hemorrhage. Left
images (a-1, a-3, b-1, b-3) are the baseline B-scans and
right (a-2, a-4, b-2, b-4) are the images obtained after
detection of optic disc hemorrhage. Orange lines delin-
eate the anterior surface of the lamina cribrosa (LC). (a-3,
a-4) Same images as (a-1, a-2) without labels. (b-3, b-4)
Same images as (b-1, b-2) without labels. (a) Structural
alteration of the LC with outward deformation of the vis-

LCCI was associated with the rate of progressive
RNFL thinning in glaucoma suspect eyes (Kim
et al. 2018). This finding is consistent with exper-
imental glaucoma model studies which demon-
strated profoundly altered ONH connective
tissues at the onset of detectable ONH surface
change (Burgoyne et al. 2004). More recently,
Lee et al. demonstrated that LCCI was the stron-
gest prognostic factors for faster progressive
RNFL thinning using regression tree model (Lee
et al. 2019).

ible end of anterior LC surface. Note that the visible end
of the anterior LC is more posteriorly located in the fol-
low-up image (a-2, b-2) (arrow). The change in the curva-
ture of the anterior LC surface also is noticeable (orange
lines). (b) Recent structural alteration of the LC with
radial disruption of the temporal LC. Note the enlarged
cleft near the LC insertion in the follow-up image (orange
lines and arrow). Adopted and modified from Lee et al.
(2016b)

6 Applications of LC Imaging
and Perspectives on Glaucoma
Management

6.1 Differential Diagnosis from Other
Optic Neuropathies

A characteristic feature of glaucoma is excava-
tion of the optic nerve head (i.e., cupping). The
excavation is composed of loss of neuronal tissue
and posterior displacement/bowing of the lamina.
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Mild degree of cupping is also noted in nonglau-
comatous optic neuropathies, which often lead to
misdiagnosis to glaucoma. Studies have shown
that deep optic nerve head feature is different
between glaucoma and other optic neuropathies.
While deeply located or posteriorly curved LC
together with loss of prelaminar tissue is the hall-
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mark of glaucoma, those findings are not clearly
seen in other optic neuropathies such as nonarter-
itic ischemic optic neuropathy and autosomal
dominant optic neuropathy (Figs. 10 and 11)
(Kim et al. 2020a; Fard et al. 2016; Lee et al.
2016b). This finding can be used to aid differen-
tial diagnosis in ambient cases with other differ-
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Fig. 10 Comparison of the prelaminar tissue thickness
(PTT) between the affected and unaffected sectors in eyes
with nonarteritic anterior ischemic optic neuropathy
(NAION) (left) and normal tension glaucoma (NTG)
(right). Long arrows in color disc photographs indicate
the locations and directions of radial B-scans shown in the
lower panels. Orange dashed lines indicate the level of the
Bruch’s membrane opening. Green dotted lines demarcate
the area where the PTT was measured. Disc photographs
in the top row show evident pallor (left) and notching
(right) of the optic disc rims in the affected sectors in

unaffected J| sectors

NAION and NTG eyes, respectively. Peripapillary OCT
RNFL results show thinning of RNFL in the affected sec-
tors in both NAION and NTG eyes. In NAION, the PT is
thick in the affected sector, with the PTT being compara-
ble to that in the unaffected sector (arrows). On the other
hand, there is a remarkable difference in the PTT between
the unaffected and the affected sectors in this NTG eye
with an untreated IOP of 14 mmHg. Note that the anterior
laminar surface is located deeper than in the affected sec-
tor than in the unaffected sector in NTG. Adopted and
modified from Lee et al. (2016b)
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Fig. 11 Comparison of the anterior lamina cribrosa (red
dots) curvature in an eye with autosomal dominant optic
atrophy (ADOA) (a—c) in a 72-year-old woman, and an
eye with normal tension glaucoma in a 77-year-old
woman (d-f). (b, e) B-scan images at inferior midperiph-

ential diagnosis point such more pronounced
pallor than excavation, history of central vision
loss and patter of visual field loss.

6.2 Predicting Rate of Future
Glaucoma Progression

As describe earlier, several LC morphologic
characteristics have been shown to be associated
with rate of glaucoma progression as assessed by
OCT or visual field in eyes with glaucoma. Those
characteristics include thinner LC thickness,
greater LCCI at baseline, presence of focal LC
defects particularly with occurrence of disc hem-
orrhage (Ha et al. 2018; Faridi et al. 2014; Park et
al. 2017b). The LC morphology can also be use-
ful to predict development of glaucoma in sus-
pect eyes (Fig. 12) (Kim et al. 2018).
Characterization of high risk patients for disease
progression will help clinicians to detect glau-
coma progression early, so as to allow timely
adjustment of the treatment.

6.3 Searching Mechanism of Optic
Nerve Damage in Individual
Patient

Glaucoma is a multifactorial disease. Although
intraocular pressure induced stress is considered

45 90 135 180 225 270 315 360
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Position[?

0 45 %0 135 180 225 270
™P sup NAS INF ™P
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eral plane, indicated by the green lines in the optic disc
photographs. (¢) RNFL thinning is noted in the temporal
region. (f) RNFL thinning is noted in the inferotemporal
region. Adopted and modified from Kim et al. (2020b)

as the single most important risk factor, other
factors including compromised circulation have
been suggested as risk factors (Weinreb and
Khaw 2004; Weinreb et al. 2014). Optic nerve
damage often progresses despite substantial
IOP lowering treatment. When a progression is
noted despite maximum tolerable medical ther-
apy, clinicians would consider other treatment
options such as laser or surgical treatment for
further IOP lowering. However, it is question-
able whether such treatment approach is justi-
fied in every single glaucoma patient. This is
due to the possibility that factors other than IOP
related stress is the main cause of progression in
certain patients.

There is no definite method to understand the
mechanism of optic nerve damage in individual
glaucoma patients. For better management of
glaucoma, particularly for etiology targeted treat-
ment approach, it is essential to develop method
to identify specific etiology of optic nerve dam-
age in individual patients. Theoretically, LC
imaging can be a good candidate for such devel-
opment because LC is a key structure in glau-
coma biomechanics. The morphology of LC is
variable among glaucoma patients, shedding
light in this possibility. With further research and
development of biomarkers, LC imaging might
become a useful tool to help identify the specific
mechanism of optic nerve damage in individual
patients.
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Fig. 12 Two cases of glaucoma suspect eyes. (a) A glau-
coma suspect eye of a 61-year-old female with steeply
curved lamina cribrosa (LC). The untreated intraocular
pressure (IOP) and central corneal thickness were
16 mmHg and 537 pm, respectively. During the first 3
years following baseline examination, progressive retinal
nerve fiber layer (RNFL) loss was observed in the inferior
sector with the rate of —5.00 pm/year. After IOP lowering

Rate = -0.45 um/year
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Follow-up period (year)

treatment, the rate of RNFL loss decreased to —2.75 pm/
year. (b) A glaucoma-suspected eye of a 74-year-old
female with a relatively fat LC. The untreated IOP and
central corneal thickness were 16 mmHg and 545 pm,
respectively. During 7 years of follow-up, the rate of
RNFL loss in the inferior sector was —0.45 pm/year with-
out any treatment. Adopted and modified from Kim et al.
(2018)
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6.4 Characterizing Optic Neuropathy
in Myopic Eyes

Myopia is a risk factor for glaucoma (Mitchell
et al. 1999; Liang et al. 2011; Suzuki et al. 2006).
However, the rate of progression is often slower
in myopic eyes with or even without IOP control
(Lee et al. 2015; Araie et al. 2012). This finding
suggests that mechanism of optic nerve damage
may be different in myopic glaucomatous eyes.
The LC configuration in myopic tilted disc eyes
has some unique features. The LC is flatter and
the pores are elongated to the direction of disc
tilt/torsion (Fig. 13) (Sawada et al. 2018). This
feature suggests that tensile stress to the LC aris-
ing from the axial elongation may play a role in
the optic nerve damage.

If such stress is the main cause of optic nerve
damage, the clinical course would be different
from that of glaucoma derived from translaminar
pressure gradient. Since axial elongation is not a
lifelong process the tensile stress may be
alleviated at some point. In addition, loss of
axons may generate a room for remaining axons,
thereby protecting them from the sustained ten-
sile stress. If this is the case, the axonal loss can
occur in the early life but the rate of loss can be

slowed or halted in the late life (Kim et al. 2014).
The treatment strategy should be different in
those patients from the patients who have high
risk of disease progression. Further study is
needed to develop method to differentiate high
risk and low risk patients for disease progression
among myopic eyes. For those studies, LC imag-
ing may play a central role.

7 Conclusions

Since LC is the primary site of axonal injury in
glaucoma, imaging the LC provides an opportu-
nity to enhance understanding on the pathogene-
sis of glaucomatous optic neuropathy. The LC
imaging is not routinely used in the current clini-
cal practice due to technical difficulty and lack of
consensus in its utility. The devises for LC imag-
ing and clinically useful biomarkers based on LC
morphology are currently evolving. With further
research and development, LC imaging may con-
tribute to improvements in understanding biome-
chanics of glaucomatous optic neuropathy and
specific mechanism of damage in individual
patients, which will eventually facilitate develop-
ment of patient-tailored treatment.

Fig. 13 Characteristic LC feature in myopic eyes shown in infrared fundus photo (a) and a coronal section of 3D
reconstructed volume image (b). The laminar pores are large and elongated to the direction of disc tilt
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