


Figure 17. Advanced ocular response analyzer analysis of a mild keratoconus (same eye as in Fig.
14B). Note the lower peaks in the waveform signal and the higher percentage of a keratoconic
pattern.

Figure 18. Dynamic Scheimpflug images taken from the CorVis ST of a normal eye. Note the
complete visualization of the deformation process in relation to the time frame. Examination takes less
than 20 min.

32 ’ Ambrósio et al

www.internat-ophthalmology.com



Interestingly, ‘‘gold standard’’ IOP but not corneal compensated IOP was
found statistically different among keratoconus and normals (Table 1).

In addition to the ‘‘classic’’ ORA parameters, CH and CRF, a new set
of 36 new waveform-derived parameters were studied. These para-
meters are basically related to specific waveform characteristics, such as
the width, peak, area, and height of the peaks (signal during applanation
moments), and general morphology of the waveforms (Luce, unpub-
lished data 2008). Interestingly, there are cases with the same CH and
highly different waveform signals and clinical characteristics. In fact,
Kerautret and colleagues79 reported a case of unilateral corneal ectasia
after bilateral LASIK, in which CH and CRF were almost equal in both
eyes while significant between-eye differences in the waveforms were

Figure 19. CorVis ST display from a mild keratoconic cornea. Deformation amplitude is 1.15 mm
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noted, most prominently in the lower amplitude of the applanation
peaks in the ectatic eye. In fact, we have learned to adopt such subjective
analysis when evaluating the ORA signals in daily clinics. However, it is
critical to provide objective metrics from these new parameters. It was
found that a combination of the most relevant waveform-derived
parameters would provide a better performance on the ROC curve.
The new ORA display includes a table with all indices that are displayed
as the deviation from normality and the keratoconus percentage
similarity score (Figs. 16, 17). This approach has the potential to increase
specificity of identifying a normal biomechanical signal in a case with
a topographic KCS finding (Fig. 16), and confirming abnormal bio-
mechanics in a mild keratoconus (Fig. 17).

Figure 20. CorVis ST display from a normal cornea. Deformation amplitude of 0.81 mm.
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A new noncontact tonometry system integrated with an ultra-high
speed Scheimpflug camera was introduced by Oculus in 2010. The
CorVis ST (Scheimpflug Technology) takes 4330 frames/sec covering
8 mm horizontally to monitor corneal response to a metered collimated
air pulse with symmetrical configuration and fixed maximal inter-
nal pump pressure of 25 kPa. The addition of an ultra-high speed
Scheimpflug camera allows dynamic inspection of the actual deforma-
tion process (Fig. 18), which has an enormous potential to provide
further detailing for biomechanical characterization of the cornea and
correct IOP readings. Preliminary results have found a statistically
significant difference among keratoconic corneas and normals for many
parameters, such as corneal speed during deformation, corneal appla-
nation length, and deformation amplitude (highest displacement of the
apex in the highest concavity momentum), which are important
measures of corneal viscoelastic properties and stiffness (Figs. 19, 20).
Current studies are being conducted for testing the performance of such
parameters for assessing ectasia susceptibility among refractive candi-
dates and to understand the impact of IOP on corneal deformation.

’ Conclusions

Screening for ectasia risk among LASIK candidates is one of the
most important steps before LASIK. It is important to note that the goal
is not only to identify cases with mild ectasia, but to characterize each
cornea in terms of their risk or susceptibility to undergo biomechanical
failure and ectasia. The standard screening criteria, based on corneal
topography and CCT, has important limitations regarding sensitivity
and specificity.19 New technologies are needed and have already shown
the potential for improving the sensitivity46 and specificity80 for
detecting ectasia risk. However, there is still a need for retrospective
case-control studies and, most importantly, prospective controlled
studies which are being conducted.
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