




RESULTS
In all control and glaucoma subjects, both LGNs were identified,
and examples are given in fig 2.

In control subjects, right and left LGN heights by 1.5-Tesla
MRI ranged from 3.71 mm to 5.31 mm and from 3.36 mm to
5.74 mm, respectively (table 2). The mean right and left LGN
heights were 4.74 (0.54) mm and 4.83 (0.95) mm, respectively,
and this difference was not statistically different (p� 0.05)
(fig 3).

Neurohistological measurements of the LGN in four different
normal post-mortem human brain specimens showed a mean
maximum LGN height of 4.9 (0.83) mm. This value is similar to
in vivo MRI measures of the LGN for normal subjects.

In glaucoma, right and left LGN heights by 1.5-Tesla MRI
ranged from 3.08 mm to 5.45 mm and from 3.13 mm to
4.92 mm, respectively (table 2). The mean right and left LGN
heights were 4.09 (0.89) mm and 3.98 (0.57) mm, respectively,
and this difference was not statistically different (p� 0.05).

The mean right LGN height in glaucoma was decreased
compared with that observed in controls, but this difference did
not reach statistical significance (4.09 (0.89) mm vs 4.74
(0.54) mm, p� 0.05) (fig 3). Fifty per cent of glaucoma subjects
were below the lower 95% confidence limit of the control group
(table 2).

The mean left LGN height in glaucoma was decreased
compared with that observed in controls, and this difference
was statistically significant (3.98 (0.57) mm vs 4.83 (0.95) mm;
p = 0.033) (fig 3). Sixty per cent of glaucoma subjects were
below the lower 95% confidence limit of the control group
(table 2).

The combined LGN height (right� left) was calculated to
account for input from each glaucomatous eye to both LGNs.
The combined LGN height in normal and glaucoma subjects
ranged from 8.25 mm to 10.45 mm and from 6.21 mm to
9.26 mm, respectively. Compared with the glaucoma group, the
mean combined LGN height was decreased, and this difference
was statistically significant (8.07 (1.06) mm vs 9.56 (0.86) mm;
p = 0.005) (fig 3). Seventy per cent of glaucoma subjects were
below the lower 95% confidence limit of the control group
(table 2).

DISCUSSION
Compared with other elements along the visual axis, neuroima-
ging data relating to the intrinsic structure of the LGN are
scarce, mainly due to its location and small size. Previous studies

Table 2 Right, left and combined lateral geniculate nucleus (LGN)
heights for glaucoma and control patients

Right LGN
height (mm)

Left LGN height
(mm)

Combined LGN
height (mm)

Control

C1 4.89 3.36* 8.25*

C2 5.23 5.07 10.3

C3 3.71* 5.74 9.45

C4 4.83 5.49 10.32

C5 5.03 5.42 10.45

C6 4.21* 4.67 8.88

C7 4.68 5.46 10.14

C8 5.31 3.4* 8.71*

Mean 4.74 4.83 9.56

SD 0.54 0.95 0.86

95% lower
confidence limit

4.29 4.03 8.84

Glaucoma

G1 3.35* 3.7* 7.05*

G2 4.32 4.92 9.24

G3 3.18* 4.69 7.87*

G4 3.08* 3.13* 6.21*

G5 3.46* 3.82* 7.28*

G6 3.47* 3.97* 7.44*

G7 4.49 4.14 8.63*

G8 5.24 3.79* 9.03

G9 5.45 3.28* 8.73*

G10 4.87 4.39 9.26

Mean 4.09 3.98 8.07

SD 0.89 0.57 1.06

t Test (p value) 0.09 0.033 0.005

*LGN height is below the 95% lower confidence limit of the control group.

Figure 1 (A) Sagittal T1 image showing the slice orientation for coronal
scans parallel to the brainstem reference line. (B) Coronal 2 mm proton
density weighted LGN image showing orientation used for height
measurement (white oblique lines). (C) Nissl stained coronal LGN section
showing orientation used for height measurement (black line).
Surrounding anatomical structures are indicated as IC (posterior limb of
internal capsule) and AC (ambient cistern). The calibration bar indicates
1 mm.
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to discriminate the LGN using 3 mm axial thickness could
recognise the LGN on only one axial image, with obscuration of
the medial border by the medial geniculate nucleus.13 14 By using
the coronal plane,16 in combination with 2 mm thick slices, the
LGN was visible on at least two and sometimes three scans in
our study. The improved visualisation described in this article
may be relevant to detailed assessment of LGN pathology in
various diseases.17–19 The LGN height measured by MRI in
normal subjects was similar to histomorphometric measure-
ments of the LGN obtained from normal post-mortem brain
specimens. This suggests that LGN height, readily measured by
MRI, might be a tool to assess LGN size in health and disease.

There is evidence that the LGN undergoes degenerative
changes in experimental primate3–6 and human15 glaucoma. At
the macroscopic level, there is obvious atrophy of the LGN.3 15

Histomorphometric measurements indicate neuron shrinkage
and death affecting magno- and parvocellular LGN neurons.3–6

Thus, findings in this in vivo neuroimaging study of glaucoma
patients with moderate visual-field loss demonstrating LGN
atrophy are in keeping with histological studies showing
reduced size and neural degeneration in experimental and
human glaucoma.

Seven out of 10 glaucoma patients and two of eight control
patients showed a combined LGN height below the lower 95%
confidence limit of the control group. This suggests that at the
present time, this measurement cannot be used for diagnosis of
glaucoma or to assess neural degeneration of the LGN in
glaucoma for an individual patient in cross-sectional studies.
Larger studies are needed to determine LGN variation in normal
populations with gender and age considerations, and to further
understand the contribution of LGN pathology to vision loss in
glaucoma. Since, in this study, all glaucoma patients had
moderate to advanced vision loss, it is not possible to correlate
LGN heights with disease severity. Longitudinal studies are
required to determine whether LGN height reduces with disease
progression. This structural MRI study in glaucoma may also be
relevant toward the application of functional MRI studies of the
LGN in normal and disease states that affect visual path-
ways.14 20 Reduced LGN size in glaucoma using readily available
1.5-Tesla MRI provides in vivo evidence of LGN atrophy in
glaucoma patients with moderate visual-field loss.

Neurodegenerative diseases such as Alzheimer disease are
associated with progressive cerebral atrophy, and this can be
assessed by MRI.21 In vivo MRI linear measures including the

Figure 2 Representative coronal proton
density weighted lateral geniculate
nucleus (LGN) images in control #C3 (A)
and glaucoma subjects with lowest (B,
#G1) average (C, #G6) and highest (D,
#G2) LGN heights. The arrows indicate
right and left LGNs. Calibration bar
indicates 50 mm with 10 mm intervals.

Figure 3 Box plots of right, left and
combined lateral geniculate nuclei (LGN)
in A, B and C, respectively. The box
extends from the 25th percentile to the
75th percentile, with horizontal solid and
dotted lines at the median and mean,
respectively. The bars indicate the highest
and lowest values.
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maximum height of the hippocampus have been used in
Alzheimer disease assessment.22 23 Neuroimaging research in
Alzheimer disease also involves longitudinal MRI studies to
track disease progression and exploits MRI to better classify and
stage disease.21 Further neuroimaging studies of LGN atrophy in
glaucoma may provide new insights into sites of injury and
progressive disease, with LGN atrophy as a potential biomarker
in some cases of moderate to severe glaucoma.
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3. Yücel YH, et al. Loss of neurons in magnocellular and parvocellular layers of the

lateral geniculate nucleus in glaucoma. Arch Ophthalmol 2000;118:378–84.
4. Weber AJ, et al. Experimental glaucoma and cell size, density, and number in the

primate lateral geniculate nucleus. Invest Ophthalmol Vis Sci 2000;41:1370–9.
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