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Corneal thickness map, relative thickness map (relative pachymetry),

corneal thickness spatial profile (CTSP), and percentage thickness

increase (PTI) are used for:

® Diagnosis of ectatic corneal diseases (ECDs).

® Diagnosis of previous corneal refractive surgeries.

® Raising suspicion about Fuchs’ endothelial dystrophy and
cornea guttata.

® Thickness calculationsinlaser vision correction (LVC), including
residual stromal bed (RSB) and percent of tissue altered (PTA).

® Planning for ICRs in the management of ECDs in terms of
location of the ring and the depth of the tunnel.

® Planningfor the best type of corneal crosslinking (CXL) in ECDs.

I CORNEAL THICKNESS MAP
(PACHYMETRY MAP)

M Principle

The software measures corneal thickness at all points based on
the difference between the anterior and posterior elevation maps.

M Patterns

The shape of the normal cornea is a negative meniscus lens (back
surface radius of curvature is steeper than the front), thin at its

Figure 1 The disciform pattern.
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optical center, and thickens by the square of the distance from the

center. The total positive power is a result of the air in front and the

aqueous behind. The normal pattern is usually disciform. Figure

1 illustrates the disciform pattern, characterized by pachymetry

zones that are almost central, circular, concentric, and symmetric.

However, this pattern can also be encountered in keratoconus (KC).

Abnormal pachymetry patterns include:

® Horizontal displacement pattern (Figure 2): This pattern may
occur due to misalignment, large-angle kappa, and rarely due
to ECDs.

® Vertical displacement pattern (Figure 3): It is also known as
“dome shape.” Itis usually encountered in ECDs. However, it can
be seen in patients with constant rubbing, in whom the dome
will be inferior-temporal due to the direction of band rubbing.
When ICRs implantation is planned in this pattern, a special
precaution to the tunnel’s depth is fundamental because the
thinnest location (TL) will be very close to the tunnel, bearing
therisk of introducing the ICR into the anterior chamber during
insertion. When calculating the tunnel’s depth in this pattern, it
isrecommended to consider the thickness at the TL rather than
the thinnest point along the tunnel.

® Bell pattern (Figure 4): This pattern is a hallmark of pellucid
marginal degeneration (PMD). Itis characteristic of inferior band
thinning. In this pattern, the risk of corneal perforation during ICR
implantation is very high due to two reasons: (1) the inferior areais
usuallyvery thin, and the proper place to insert the ICR is usually

24 7 - '5.‘5 ~
' ‘542
!

o : 5411 533 *
[

Figure 2 The horizontal displacement pattern.
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inferior; (2) due to highly distorted cornea in PMD, the inferior
part is usually extrapolated as shown in the figure (black dots),
so the thickness of the cornea at that part is not realistic. In such
cases, OCT-based tomographyis stronglyrecommended because
itis much more accurate than Scheimpflug-based tomography.

® Droplet pattern (Figure 5): It is usually encountered in KC, but

might be a sign of early PMD.

® Globus pattern (Figure 6): It is a hallmark of keratoglobus (KG).

It is characterized by generalized thinning extending to the
limbus. In this pattern, ICR implantation and traditional corneal
transplantation are contraindicated.

Figure 3 The vertical displacement pattern.
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Figure 4 The bell pattern.

M Limitations

One limitation of the corneal thickness map is corneal opacities. The
Scheimpflugbeam lightis susceptible to scatteringin areas of scars,
resulting in artifacts, extrapolated data, and misinterpretation.
The area of the scar is usually displayed as a flat area, which is real
but exaggerated. Additionally, scarred areas are often interpreted
as thin, which is not always accurate. The OCT-based tomography
is more reliable in such cases. Figures 7 to 12 represent a typical
corneal scar.
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Figure 6 The globus pattern. Figure 7 Corneal scar: The slit-lamp view.

Figure 8 Corneal scar: The four-
Retractive composite refractive map.
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Figure 9 Corneal scar: The four-
composite selective map.
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Figure 10 Corneal scar: The AS-OCT
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Corneal thickness map (pachymetry map)
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Figure 11 Corneal scar: The pachymetry map and the epithelial map by the AS-OCT.
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Figure 12 Corneal scar: The pachymetry map and the stromal map by the AS-OCT.
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Figure 7 is the slit lamp view—the scar is oval. It partially
interferes with the pupillary zone, thereby affecting vision.

Figure 8 is the four-composite refractive map—a flat area on the
anterior curvature map and anterior elevation map, a corresponding
steep area on the posterior elevation map, and a corresponding thin
area on the pachymetry map. Many surgeons may misinterpret
this case as ectasia or KC. The important sign that differentiates
this case from ectasia and KC is the corresponding flat area on the
anterior curvature map rather than a hot spot (steep area) found in
ectasia and KC.

Figure 9 shows the four-composite selective map—the flat area
is more prominent on the anterior tangential map and the relative
pachymetry map.

Figure 10 is the anterior segment (AS-OCT) view—a horizontal
linear cross-section along the scar shows the real thinning of the
cornea over and under the scar. Since the epithelium has a filling
effect (remodeling), it thickens over the scar to smooth the anterior
surface and therefore masks the real flattening caused by the scar
(Figure 11). Look at the outward-bulging outward bulge on the
posterior surface under the scar. It explains the very high elevation
values on the posterior elevation map.

Figure 11 is the AS-OCT pachymetry map with epithelial
thickness map—look at the thinning in the pachymetry map on
the left side and the corresponding thickening of the overlying

Mean comeal thickness values on ings concentrically to the thinnést location

epithelium in the epithelium map on the right. Figure 12 is the
AS-OCT pachymetry with the stromal map on the right. It shows a
larger zone of thinning in the stroma compared to the thinning seen
on the pachymetry map on the left. Thatis because the pachymetry
map is the algebraic sum of the epithelium remodeling effect and
stromal changes.

I CORNEAL THICKNESS SPATIAL
PROFILE AND PERCENTAGE
THICKNESS INCREASE

M Principle

The corneal thickness spatial profile (CTSP) describes the
progression of corneal thickness in relation to corneal zones.
In contrast, the percentage thickness increase (PTI) describes
the percentage of this progression (Figure 13). The horizontal
axis represents concentric corneal zones of 2, 4, 6, 8, and 10 mm,
centered on the TL. The vertical axis represents corneal thickness
in the CTSP and the percentage of thickness increment in the PTI.
The red curve represents the captured cornea. The black dotted
curves represent the normative data for the normal population,
witha confidence interval (CI) of 95% and two standard deviations.

Figure 13 The corneal thickness spatial profile,
percentage thickness increase, and pachymetric
progression index.
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M Patterns

The normal pattern of both CTSP and PTI is a curved line plotted
in red, following (but not necessarily within) the course of the
normative black dotted curves, with an average < 1.20. In other
words, the shape of the curve should show a gradual increment. The
reference in this regard is the 6-mm zone (Figure 13: red ellipses).
Abnormal patterns include:

® The quick slope (Figure 14): The red curve declines before the
6-mm zone. It is encountered in ECDs and corneas with high
potential (Chapter 20).

The S-shape: The red curve descends before the 6-mm zone and
then ascends (Figure 15).

The lazy S-shape: The red curve follows the slope and ascends
after the 6-mm zone (Figure 16).

Both S-shape patterns are usually seen in ECDs and corneas with
high potential (Chapter 20).

Theflat slope (Figure 17): Itis seen in diseased thickened corneas,
such as Fuchs’ endothelial dystrophy and cornea guttata.

The inverted slope (Figure 18): It is a hallmark of PMD. However,
not every PMD shows this pattern.

Mean comeal thickness values on rings concentricaly lo the thinnest location

The relative pachymetry

B PACHYMETRIC PROGRESSION
INDEX

The thickness/location relationship can be introduced as an index
known as the pachymetric progression index (PPI) (bottom of
Figures 13 to 18). This index represents the maximum, minimum,
and average progression of the captured cornea compared with
the normative data. The normal average value of the PPI is 0.8-1.1
(Figure 13). When the average is <0.8, the corneais usually diseased
and thickened as in corneal edema, cornea guttata, and Fuchs’
endothelial dystrophy (Figure 17). When the average is 1.2, the
corneaisusuallyabnormal (Figures 14 and 15). In some cases of high
corneal astigmatism, the average might be >1.2 despite a normal
cornea. Inthe S-shape patterns, the average is usually normal when
the ascending is after the 6-mm zone (Figure 16).

M THE RELATIVE PACHYMETRY

Jack Holladay was the first to describe this map. Its principle is
very similar to that of the elevation map. In the elevation map, the

Figure 14 The quick slope.
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Figure 17 The flat slope.

Figure 18 The inverted slope.
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[Relative Pachymetry =

Figure 19 The relative thickness map. Figure 20 A suspicious relative thickness map.

captured cornea is measured in relation to a reference surface. In
relative pachymetry, the thickness map of the captured cornea is
compared with a standard normative thickness map of the normal
population.

The relative pachymetry is displayed as percentage values
(Figure 19). Areas thicker than the similar areas in the standard
map will be displayed in positive values, and vice versa. For
example, +7 and +9 values are thicker than the standard map by
7 and 9%, respectively, and vice versa when the values are negative.
Based on the Holladay report, the map is:
® Normal: If all values all over the cornea are > -5 (e.g., -2), as in

" Figure 19.

® Suspicious: If any value all over the cornea is -5 to -8, as in
o Figure 20.

® Abnormal: If any value all over the cornea is < -8 (e.g., -10), as
2 in Figure 21.

In general, this map has three applications:

® In the workup for refractive surgery (Chapter 14).

e Indifferentiating ECDs from entities mimicking ECDs, especially
after laser-based refractive surgery (Chapter 23).

® [nthe Holladay report (Chapter 10).

% O ¢ ¢ 7 7 T T

Figure 21 An abnormal relative thickness map.
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