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Chapter 10
Measuring Hemoglobin Levels in the Optic
Nerve Head for Glaucoma Management

Manuel Gonzalez-de-la-Rosa, Marta Gonzalez-Hernandez,
Carmen Mendez-Hernandez, Elena Garcia-Martin,
Francisco Fumero-Bautista, Silvia Alayon, and Jose Sigut

10.1 Introduction

The color of the optic nerve head (ONH) is mainly due to its hemoglobin content.
The ganglion cell axons may not have myelin at this level. Like the rest of the retina,
this tissue is virtually transparent to radiation of the visible spectrum. In the rest of
the retina, light is eventually absorbed by photoreceptors and the pigmentary epithe-
lium, but in the ONH the light is reflected by the myelin in the lamina cribrosa. Part
of it is absorbed by hemoglobin in the capillaries that nourish the axons, giving rise
to the pink color of the ONH. The greater the thickness of the tissue or its concentra-
tion of hemoglobin, the more intense the color, and the thinner the tissue or the less
abundance of blood, the whiter it will appear (Fig. 10.1).

In a color photograph of the ONH, the results also depend on additional factors
such as the chromatic response of the camera’s detector, the spectral composition of
the illumination light and absorption by the lens, which is more pronounced in blue
and increases with age or the presence of cataracts.

To determine the amount of hemoglobin present in the ONH, using a photographic
color image, all these factors must be taken into account. Fortunately, we have a struc-
ture in the nerve itself that can serve as a reference; this structure is the network of
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central retinal vessels carrying hemoglobin. On comparing the color of neuronal tissue
and that of these vessels, one can estimate the amount of hemoglobin in each region of
tissue with little influence of the additional factors listed in the previous paragraph.

Hemoglobin absorbs more green radiation than red. It can be shown experimen-
tally that for a relatively thin structure such as the ONH, the ratio of green compo-
nent to red ((R-G)/R) is proportional to its thickness or its hematic content.
Measuring this ratio in each zone of the tissue and taking the same measurement in
the main vessels as a reference, one can obtain a representative map of local amounts
of hemoglobin. This is very probably the most important factor for ONH perfusion.
Other parameters to consider include the degree of oxygenation and the rate of
blood circulation (Fig. 10.2).

The Laguna ONhE program (Optic Nerve Hemoglobin; insoftsl @ gmail.com ©)
allows measuring the amounts of hemoglobin present in the structures of the ONH,
analyzing photographs captured by a fundus camera that has been appropriately
calibrated. The program has demonstrated its capacity for the diagnosis and inter-
pretation of glaucomatous damage, as well as other types of neurological damage
such as that seen in multiple sclerosis or Parkinson’s disease.

In the text that follows, we will describe the use of the program and provide some
examples of practical results.

Fig. 10.1 The pink color of Tissue of the optic nerve head
the optic nerve head depends
on the hemoglobin contained
in its capillaries. The
observation light is reflected
on the myelin, and that not
absorbed by hemoglobin,
mainly red, reaches the
observer

Lamina
cribrosa

Fig. 10.2 If one photographs microplate wells containing dilutions of hemoglobin (a), the red and
green components of the image will be proportional to the concentration and depth (b) of the layer
through which the light passes, as shown in the graph on the right
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10.2 Image Capture of the ONH and Delimitation
of Boundaries, Vessels, and Cup

When a fundus image is captured with the intention of examining the retina, the ONH
image often appears too white, without details. This is because it is a much paler struc-
ture than the rest of the fundus. For useful results and visualization of ONH details, it is
necessary to underexpose the photograph, using a flash of lower intensity than usual. In
a very bright image, the color levels of the camera detector reach their maximum value
(255) and this saturation prevents seeing the chromatic characteristics of the tissue.

Initial versions of the Laguna ONhE program required manual definition of the
ONH boundaries. Delimitation of the cup was not possible and, therefore, the ONH
was divided into 24 regular sections by two circular lines at 1/3 and 2/3 of the
radius, and four regularly spaced diameters. Analysis of all these sectors allowed us
to calculate a glaucoma discriminant function (GDF) that has been shown to be use-
ful for detecting the presence of perfusion defects characteristic of glaucoma, par-
ticularly affecting sectors 8 and 20. It even allows us to estimate the vertical cup/
disc ratio without defining their precise form (Fig. 10.3).

A second version of the program allowed us to transpose the cup and disc bound-
aries obtained with OCT to a photographic image of the ONH, so that we could
separately determine the amount of hemoglobin in the cup and in the various sectors
of the neuroretinal rim (Fig. 10.4). Another version exploited the delimitation of
these structures performed with a stereoscopic fundus camera to obtain similar
information.

More recently these advances have allowed us to establish a relationship between
the distribution of hemoglobin and the size and shape of the cup, so it has been pos-
sible to define its boundaries with great precision, without the need for OCT infor-
mation or stereoscopic photography, simply using a conventional photograph.

Applying methods of image segmentation based on color patterns and identifica-
tion of the components compatible with the shape of the ONH, it has been possible
to automatically establish the boundaries of the ONH in 90 % of cases, without
operator intervention. With the image of the ONH on the screen, a click of the
mouse on the center of the ONH cues the program to automatically suggest the
boundaries of the cup and disc, which must be accepted by the user (Fig. 10.5).

Incorrect delimitation of the boundaries with this automatic method is rare, but
can occur especially in cases with areas of atrophy close to the ONH or other
unusual morphology. In these cases the user can rectify the disc boundaries at their
discretion. To do so an ellipse is projected on the ONH. The center of the ellipse and
its shape can be changed using the mouse, until it fits the boundaries. When this
configuration is confirmed, multiple points appear on radial axes, which can be
adjusted one by one to fit the exact shape of the ONH (Fig. 10.6).

Once the ONH boundaries have been established, estimation of the cup is per-
formed automatically in all cases, since automatic delimitation is generally more
accurate than anything the user can achieve on a two-dimensional image. Similarly,
internally, the program performs an automatic delimitation of the central retinal
artery and vein and its main branches, excluding tissue information, and for use as
a reference value of hemoglobin.
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Fig. 10.3 Example of
segmentation of the ONH
in 24 sectors

Fig. 10.4 Fusion of an OCT image (leff) and a photograph of the ONH (right) to delimit the
boundaries of the cup and disc
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LChch on Ehe cordur of the opta deac bo ilast the suliomatc detecthon

Fig. 10.5 By clicking on the center of the image (left), one obtains the cup and disc boundaries
(right) which must be accepted

Fig. 10.6 Approximate delimitation using an ellipse (left) and fine-tuning using multiple radial
points (right)
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10.3 Hemoglobin Map

After boundary delimitation, the program automatically interprets whether the image
is of a right or left eye, asking for user confirmation. It then shows the representative
map of the presence of hemoglobin in each region of the ONH. A chromatic scale
identifies these amounts of hemoglobin in percentages; 100 % corresponds to the cen-
tral vessels of the retina. Warmer colors represent high densities of hemoglobin and
cooler colors represent areas of lower perfusion or thin tissue, as in the case of cup
(Figs. 10.7 and 10.8).

Fig. 10.7 Example of a hemoglobin map in a normal subject, with disc and cup delimitation

Fig. 10.8 Example of a hemoglobin map in glaucoma
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10.4 Glaucoma Discriminant Function (GDF)

In glaucoma, it is well known that there is often greater deterioration of the ONH in
areas close to the superior and inferior pole regions. Indeed, using the Laguna ONhE
program, lower perfusion is usually found in the vicinity of its central vertical diam-
eter, especially in the extreme and intermediate zones (e.g., sectors 8 and 20), as the
subject loses tissue in the neuroretinal rim. Other regions, such as the temporal rim
region (Sector 15), are more resistant to glaucomatous damage, which in effect
show less impairment of perfusion.

The topographic distributions of hemoglobin allow us to estimate the vertical
ratio cup/disc ratio as well as an index called “glaucoma discriminant function”
(GDF) which has been shown to have high diagnostic capacity. This index tends to
be positive in normal subjects and negative in glaucomatous subjects, which is use-
ful for monitoring the disease. It has been adjusted for a specificity close to 95 %,
so that negative values are infrequent in normal subjects, and highly negative values
very infrequent (Figs. 10.9, 10.10 and 10.11).

Although the program attempts to compensate for the presence of cataracts, this
circumstance may occasionally cause slight overestimation of hemoglobin.
Moderate opacification of the lens has a negligible effect. Only with cataracts that
require surgical intervention does this overestimation reach approximately 3—4 %.
However, estimated cup/disc ratio and GDF index are not affected by the presence
of this type of cataract (Fig. 10.12).

Fig. 10.9 Hemoglobin map and GDF in a normal case
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Fig. 10.11 Hemoglobin map and GDF in advanced glaucoma
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Glaucorna Glavcoma

Fig. 10.12 Hemoglobin map and GDF before and after cataract operation in a patient with a nor-
mal optic nerve
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10.5 Rim Hemoglobin

The program also provides information on the amount of hemoglobin present in the
eight sectors into which the rim is usually divided, compared to the normal popula-
tion. It has been shown that these perfusion data are better correlated with the
patient’s visual field sensitivity than mere measurement of the rim area, which can
be obtained using OCT, for example. It has also been shown that rim surface area in
many glaucoma patients is not only lost, but that hemoglobin content in the residual
rim is often lower than normal (Fig. 10.13).

5% 35% 65% 95% 100%

—

b

Fig. 10.13 Figure showing
the percentile of rim
hemoglobin data in the
patient mentioned in

Fig. 10.11, with respect to
the normal population Percentiles of the Sectors
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10.6 TSNI Diagram

Another way to view the results is a diagram similar to that usually used to represent
the thickness of the nerve fiber layer around the ONH. In this case the amount of
hemoglobin present in the neuroretinal rim is represented starting with the temporal
region and followed by the superior, nasal, and inferior regions (TSNI). The dia-
gram simultaneously shows color-coded percentiles of these densities in the normal
population, so they can be compared with those of the subject (Fig. 10.14).

Rim Hb

100

90

A - - [
70 J ey '--ﬂA-ui-ipm-ll-q-u-'uu'-uurvnu'-ou-uu'tuéui-

Hb Percentage

40

30

20

10

0
(TEM)O 40 80 120 230 270 310 360
Sector

Fig. 10.14 TSNI diagram showing the amounts of hemoglobin in the rim of the same glaucoma-
tous subject mentioned in Figs. 10.11 and 10.13
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10.7 Sector Hemoglobin: Numerical Data

To calculate the GDF index and the vertical cup/disc ratio, the program divides the
ONH into 24 sectors as previously described. The amounts of hemoglobin in each
of these sectors, as well as those in the 8 sectors of the rim, are displayed in the form
of a table, which also shows their percentile relative to that of the normal population

(Fig. 10.15).

This information may be useful in other diseases such as optic neuritis where
reduced perfusion may be found in different regions from those affected in glau-
coma. In multiple sclerosis, for example, reduced perfusion is most frequently
observed in area 15 or the temporal rim, which is not usually the case in glaucoma

(Fig. 10.16).

Total
Cup Hb

Sector 311-40° (T)

Sector 41-80°
Sector 81-120°
Sector 121-230°
Sector 231-270°
Sector 271-310°
Sector 1

Sector 2
Sector 3 (N)
Sector 4
Sector §
Sector 6 (NI)
Sector7
Sector 8
Sector 9 (l)
Sector 10
Sector 11
Sector 12 (TI)
Sector 13
Sector 14
Sector 15 (T)
Sector 16
Sector 17
Sector 18 (TS)
Sector 19
Sector 20
Sector 21 (S)
Sector 22
Sector 23
Sector 24 (NS)

Fig. 10.15 Table showing numerical results of the previous case

60.9
54.0
70.4
75.8
70.9
644
65.2
67.3
65.8
55.6
65.6
68.1
50.1
69.0
68.0
61.1
75.0
55.7
64.4
714
54.6
64.0
73.5
53.1
62.0
78.7
43.8
49.5
66.3
48.9
440
56.6
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Percentiles of the Hb

0-1% 1-5% 65-35% 35-65% 656-956% 95-100%
60.9
54.0
70.4
75.8
70.9
644
65.2
67.3
65.8
55.6
65.6/
68.1
50.1
69.0
68.0
61.1
75.0
55.7
64.4
714
54.6
64.0
73.5
53.1
62.0
78.7
43.8
49.5
66.3
48.9
44.0
56.6
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Fig. 10.16 Temporal perfusion defect in a case of optic neuritis due to multiple sclerosis



278 M. Gonzalez-de-la-Rosa et al.
10.8 Data Export and Analysis

The total and sectorial index results and the diagnostic results of each test can be
exported to an Excel file and printed out. This also facilitates statistical analysis of
the results. The Excel spreadsheet includes graphic representations of patient data,
which can be used in workshops and presentations (Fig. 10.17).

Giaucoma Discriminani Funcion (G0F)

Patant data
g’ s Liaare B-I0_2014 9008 _T0_W_cober_mel g
B

Mo Hi FPerceniiles of ihe Hb
BTN 1R BN SN G- W TR
3 T

.

¥

i

3
FET RN

Bt 18 I T |- 1 i 1 Parcantiss of the 1

= |
Bacier 12T - [ I = | 1 Rim Hb
) I | »

Glaucoma Discriminant Funcson (G0F)
GoF am Bhordl + 5

Hb Percentage

Fig. 10.17 Excel sheets showing results
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10.9 Follow-Up

From the database of images for each patient, the tests can be recovered for overall
analysis, and progression of the GDF index can be estimated by linear regression
analysis (Fig. 10.18).

GDF Change (-5, 1fyear; p<0.01)

GOF

Dt

Fig. 10.18 Graphic representation of change in the amount of hemoglobin (left) and progression
of GDF values (right)
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