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 Introduction

Cassini provides cataract surgeons with an accu-
rate and detailed description of the cornea, help-
ing them to improve their surgical outcomes, 
reducing the number of postoperative surprises, 
and cutting the number of patients requiring 
follow- up corrective laser treatments. Cassini 
addresses the most important sources of cor-
neal errors in cataract surgery, using a unique 
reflection- based technology, with color and infra-
red LED illumination (Fig. 31.1).

Over the past two decades, surgeons have been 
able to improve the outcomes of cataract proce-
dures considerably due to more sophisticated 
IOL power formulas, as well as more advanced 
optical biometers. Despite these advancements, 
even today, the accuracy of the refractive pre-
dictions is still far from perfect even for virgin 
corneas [1]. In an endeavor to further reduce 
postoperative errors, reliable preoperative cor-
neal measurements are essential, particularly 
of the first refractive layer: the tear film. As the 
cornea accounts for about two-thirds of the total 

dioptric power of the eye, small variations in the 
measured corneal shape can have a large effect 
on the recommended power of an IOL [2].

Cassini uses reflection-based technology to 
measure the shape and state of the tear film. The 
quality of the tear film layer can be assessed by 
analyzing the appearance of the reflected LEDs: 
sharp reflections indicate a smooth tear film 
layer, while distorted reflections indicate a dis-
rupted tear film layer. 
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In addition to assessing the quality of the tear 
film, it is important to consider the entire shape of 
the surface to judge the accuracy of the displayed 
K-readings. Unlike the K-readings may suggest, 
the shape of the cornea is far more intricate than 
the toric model described by these two radii of 
curvatures. Irregular features and the aspheric 
shape of the cornea can have a large impact 
on the K-readings and limit their validity as an 
approximation of the entire corneal shape. Cas-
sini measures the entire shape of the anterior sur-
face of the cornea, including the peripheral zone, 
using hundreds of LEDs. A quick assessment of 
the topographic maps will highlight irregular fea-
tures such as cones and irregular astigmatism. If 
present, surgeons should carefully assess the reli-
ability of the displayed K-readings before using 
them to calculate the power of an IOL.

Cassini is a pioneer in measuring the shape 
of the posterior corneal surface using LED tech-
nology. The anterior and posterior corneal data 
can be used together to determine the corneal 
ratio, helping surgeons by indicating the risk of 
a myopic or hyperopic shift. Also, planning for 
toric IOLs can be improved using total corneal 
astigmatism.

Altogether, the Cassini corneal shape ana-
lyzer helps surgeons to make the right decisions 

for their patients. Cassini connects to the latest 
surgical devices, exporting reliable preopera-
tive data into surgery and allowing surgeons to 
maintain high accuracy while speeding up their 
procedures.

Cassini’s mission is to offer highly accurate, 
personalized data for each patient undergoing 
cataract surgery to enable the best possible out-
comes, even for those patients with challenging 
corneas.

 Cassini Basic Principle

Cassini employs a dual modality system for 
imaging of the human eye in both the visible and 
infrared spectrum. A multitude of colored and 
infrared LEDs serve as illumination sources, as 
well as data points for its topography modules 
that measure the anterior and posterior surfaces 
of the cornea.

The anterior surface is measured by projecting 
the signature pattern of color LEDs onto the eye. 
The emitted light reflects off the convex mirror 
constituted by the tear film of the anterior corneal 
surface, toward the RGB camera inside the Cas-
sini device (Fig. 31.2). The shape of the cornea 
is modeled as a linear combination of Zernike 

Fig. 31.2 Cassini’s signature, color-coded LED pattern (left) and its reflection off an eye as imaged by the RGB cam-
era (right)
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polynomials, where the polynomial coefficients 
are iteratively updated using ray tracing until the 
differences between the angles of incidence and 
the angles of reflection are minimized in a least 
squares sense [3]. Color coding of the LED pat-
tern ensures a direct relationship between each 
image point and a corresponding source point. 
Skew ray errors are thus avoided and, in combi-
nation with the sampling density, this allows for 
highly detailed and accurate surface measure-
ments—especially considering the axis of astig-
matism and higher-order aberrations [4].

A small fraction of the source light will 
not directly reflect off the anterior surface, 
but traverse through the cornea and reflect off 
the posterior surface instead—an effect that is 
enhanced in the infrared spectrum and utilized 
by Cassini to determine the global posterior 
surface shape with its infrared imaging system. 
Source light emitted from multiple infrared 
LEDs is captured by an infrared camera after 
reflecting off the corneal surfaces (Fig.  31.3). 
Ray tracing and an extended corneal model—

including the anterior and posterior surface 
separated by a corneal thickness—are com-
bined to determine the posterior toric shape 
that best fits the image data in a least squares 
sense. The posterior measurement captures the 
relevant information to investigate the effects of 
the posterior surface on the total corneal power 
and astigmatism.

In addition to the topographic capabilities, 
Cassini’s imaging system can be used to derive 
other ocular metrics like tear film dynamics, hori-
zontal visible iris diameter, and pupil sizes under 
various lighting conditions.

Acquired data is presented in a concise, yet 
complete overview in the Cassini software GUI 
(Fig. 31.4). Customizable settings for, e.g., color 
keys, units, and overlays allow for data interpre-
tation in a personalized manner. Cassini’s print-
ing suite transfers the data in a similarly concise 
format to a variety of reports tailored to the sur-
gical plan under consideration—whether pertain-
ing to astigmatism correction, multifocal IOL, 
FLACS, or any combination thereof.

Fig. 31.3 Infrared 
image of an eye, 
showing the infrared 
LED reflections from 
the anterior surface (1) 
and posterior surface (2)
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Fig. 31.4 Cassini’s highly customizable layout featuring, e.g., color scales, custom ordering in the 6-up view, opening 
in a detailed 1-up view, printing reports, or writing notes

 Surgical Planning with Cassini

 Monofocal IOLs

All IOL power formulas, even the latest and most 
sophisticated models, strongly rely on the flat 
and steep K-readings [5]. These two K-readings 
summarize the power distribution of the entire 
anterior corneal surface into a simplistic toric 
representation. It is therefore important that the 
K-readings plugged into the IOL power calcula-
tors are a reliable representation of the true ante-
rior surface of the cornea, which is typically far 
more complex. Care must be taken especially for 
post-refractive corneas and poor tear film layers. 
To avoid postoperative surprises, Cassini users 
are advised to review the preoperative data thor-
oughly. Deleting and repeating a bad measure-
ment before surgery is always preferable to avoid 
postoperative surprises, conducting refractive 
touch-ups and disappointed patients [6].

The key aspect to evaluate whether the dis-
played K-readings are a correct representation 
of the true shape of the cornea is to look at the 

overall shape of the cornea. Cassini measures 
the entire corneal surface and displays its true 
shape in a series of topographic maps. Astig-
matism (bow tie), irregular features (cones) and 
 post- refractive eyes (flattened) have characteris-
tic forms that are easy to identify. Also, in each 
untreated cornea, the central region is steeper and 
therefore more powerful than the outer regions 
of the cornea. Altogether, the magnitude of the 
K-readings is strongly influenced by the selected 
corneal region. Care must be taken if devices 
base their K-readings on just a few measuring 
points as they might miss relevant information 
from other regions. Cassini measures the entire 
corneal surface, revealing important irregularities 
and helping surgeons to interpret the reliability 
of the K-readings. Even a quick assessment of 
these maps will inform the surgeon if the shape is 
normal or irregular and consequently, if the two 
K-readings are representative for the entire cor-
nea and can therefore be trusted.

Recent findings by Wang et al. [7] emphasize 
the significant role of the posterior corneal sur-
face in total corneal refraction, challenging the 
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longstanding assumption that the anterior sur-
face solely dictates corneal power. Traditionally, 
cataract surgeons relied on a simulated K-read-
ing derived from the anterior surface, based 
on the presumed constancy of the posterior-
to-anterior corneal ratio. However, Wang et al. 
discovered varying ratios: 0.81 and 0.82 for nor-
mal corneas, 0.76 for eyes post-myopic LASIK/
PRK, and 0.86 for post-hyperopic LASIK/
PRK.  These findings highlight the necessity 
of considering both corneal surfaces in refrac-
tion calculations, particularly in eyes that have 

undergone refractive surgeries, which signifi-
cantly alter the corneal shape and, consequently, 
the corneal ratio. Next to modified eyes, studies 
show the spread in corneal ratio among normal 
corneas is also significant; to conclude that sur-
geons cannot use the anterior surface of the eye 
only to predict the total power of the cornea [8]. 
Cassini measures both the anterior and posterior 
surface of the cornea and determines the corneal 
ratio to indicate whether the simulated corneal 
readings fit the IOL-power calculations model 
or not (Fig. 31.5).

Fig. 31.5 Indices summary with traditional K-readings, examination quality factors and when expanded a host of other 
properties, including information on the posterior surface and eye morphology

31 Cassini Corneal Topographer



462

 Toric IOLs

Astigmatism is even more sensitive to corneal 
irregularities. Even nonastigmatic features such 
as a conic surface will lead to a difference in steep 

and flat K-readings (astigmatism magnitude), 
and therefore a false assumption of astigmatism.

The astigmatism-per-zone overlay on Cas-
sini’s topographic maps provides insight into the 
regularity of astigmatism (Fig.  31.6). Regular 

Fig. 31.6 Astigmatism per zone overall featuring a nice 
symmetric bow tie. Note a significant amount of posterior 
astigmatism, significantly reducing the total cornea astig-

matism resulting in spectacle-free day vision for this 
healthy volunteer’s eye
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astigmatism is characterized by a highly sym-
metric bow tie, whereas irregular astigmatism is 
characterized by skewed radial axes or an asym-
metric bow tie, or both.

In 2012, D. Koch et al. published a study on 
the contribution of the posterior corneal astig-
matism to the total corneal astigmatism [9]. The 
study played an important role in the aware-
ness of the posterior corneal astigmatism and its 
prominent effect on corneal astigmatism manage-
ment. Ignoring the contribution of the posterior 
corneal astigmatism may lead to an overcorrec-

tion in eyes that have with-the-rule astigmatism 
and undercorrection in eyes that have against-
the-rule astigmatism. A few examples are shown 
in Fig. 31.7. This new insight led to the Baylor 
Nomogram, which helps surgeons to adjust the 
power of astigmatism by incorporating popula-
tion-based averages for the posterior surface [10].

This led to better results on average; however, 
results are not optimal for all patients due to the 
weak correlation between the anterior and posterior 
corneal astigmatism. Cassini directly measures the 
posterior corneal astigmatism and combines this 

Fig. 31.7 Three example cases where ignoring the posterior contribution may lead to unexpected surprises, specifically 
when anterior astigmatism is with-the-rule, but posterior is not
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with the anterior corneal astigmatism to calculate 
the total corneal astigmatism (TCA). This does not 
only lead to the correct power of astigmatism but 
also to the correct angle of astigmatism. Modern 
IOL calculators could increase their accuracy by 
allowing the inclusion of such a parameter within 
their calculations. Meanwhile, a corneal astigma-
tism planning report allows surgeons to make use 
of the information provided by TCA, to be used in 
conjunction with standard online toric calculators.

 Multifocal IOLs

Multifocal intraocular lenses can offer patients 
spectacle-free vision. Planning multifocal IOLs 
require detailed preoperative examinations that 
go beyond the power and astigmatism consider-
ations described above. Irregular features of the 
cornea such as coma and higher-order aberrations 
as well as the quality of the tear film become even 
more important for multifocal IOLs. Loss of con-
trast and sensitivity associated with multifocal 
IOLs will become more apparent if the ocular 
surface is not smooth and the generic shape of 
the cornea is far from uniform. Cassini calculates 
the contribution of the higher-order aberrations 
(HOA) and displays each Zernike component 
separately. Surgeons can use this information 
to judge if patients are eligible for multifocal 
IOLs. Increased higher-order aberrations are 
common to corneas that have undergone refrac-
tive surgery, corneal surgery, poor tear film lay-
ers, and conic corneas [11]. Also, the pupil size, 
shape, and centration significantly influence the 
quality of vision. Light distribution through the 
various zones of the multifocal lens depends to 
a large extent on the size and centration of the 
pupil. Cassini displays these pupil features under 
both photopic and mesopic conditions. Incorrect 
assessment of these parameters may lead to pho-
tophobia phenomena like glare and halo. Centra-
tion of the multifocal lens in relation to the vertex 

position of the cornea may also play an important 
role in the occurrence of unwanted visual effects. 
The distance between the corneal vertex—or 
more correctly: “the subject-fixated coaxially 
sighted corneal light reflex” and pupil center 
is described by chord mu [12], and historically 
labeled as Angle KAPPA. The distance between 
the corneal vertex and the center of the limbus 
is labeled as Angle Alpha. Cassini reports Angle 
KAPPA and Angle Alpha for both the photopic 
and mesopic pupil conditions (Fig. 31.8).

 FLACS

Femtosecond laser-assisted cataract surgery 
(FLACS) can be used to assist the surgeon in 
managing patient astigmatism. The structural 
features of the iris, defined by its muscular con-
figuration, can be used to determine the exact 
location of the preoperatively measured angle of 
astigmatism in surgery. The so-called iris regis-
tration algorithm uses these fingerprint-like fea-
tures of the iris to compensate for well-known 
errors such as cyclotorsion, which can be more 
than 10 degrees [13]. Manual marking, which 
often leads to the blurring of ink spots, can be 
eliminated as well, thereby removing yet another 
source of error. For the correction of minimal 
to moderate amounts of astigmatism, FLACS 
can be used to create arcuate incisions. FLACS 
can also be used to create radial markings in the 
cornea or in the capsulorrhexis to identify axis 
alignment of toric IOLs. Cassini preoperative iris 
imaging and astigmatism diagnostics allows for 
increased accuracy in the placement of arcuate 
incisions and identification marks for toric IOL 
alignment. Automatic connectivity will reduce 
manual transcription errors and procedure time.

Cassini currently interfaces with Johnson & 
Johnson Vision’s CATALYS Precision Laser Sys-
tem and the LENSAR Laser System by LENSAR 
(Fig. 31.9).
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Fig. 31.8 Multifocal IOL Planning Report; showcasing a case with a relatively large-angle KAPPA and a less likely 
candidate for a multifocal IOL

Fig. 31.9 Cassini Connects CATALYS [14] and Cassini Streamlines LENSAR [15]
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 Ocular Surface Diagnostics (Tear 
Film)

The ocular surface is covered by a few microns 
thin liquid film called the tear film. The compo-
sition of the tear film is complex and plays an 
essential role in nourishing and protecting the 
cornea. The tear film has three distinct layers: (1) 
the hydrophobic top layer (lipid layer) made of a 
thin sheet of lipids that reduces surface tension 
and helps to spread the tears after each blink; (2) 
the aqueous layer, which is the thickest layer of 
the tear film and plays, among others, an impor-
tant role in the oxygenation of the cornea; and (3) 
the mucous layer, which compensates for corneal 
unevenness and reduces friction during blinking 
[16]. Optically, the role of the tear film layer is to 
form a smooth refractive surface over the uneven 
corneal surface. At each blink, the tear film layer 
is being refreshed and goes through a dynamic 
tear buildup phase to form a tear film layer. The 
lipid top layer protects the underlying aqueous 
layer from evaporation. Local rupture in the lipid 
top layer exposes the aqueous layer directly to air 
leading to high evaporation rates that potentially 
produces rupture of the tear film [17]. The time 
between the formation of the tear film (buildup) 
and breakup of the tear film depends strongly 
on the quality of the tear film (mix of lipids and 
water), the environmental conditions and the 
pathology of the cornea. The period immedi-
ately after the tear buildup phase and before the 
tear breakup can vary from just a few to more 
than 20  seconds [18]. Measuring the shape of 

the first reflective ocular layer should occur in 
this phase of the inner blink period. Reflection-
based technologies, such as Cassini, can use the 
smoothness of the reflective surface to extract 
the quality of the tear film layer. Dysfunctional 
tear glands, wearing of contact lenses and envi-
ronmental conditions may affect the quality of 
the tear film. Healthy tear film layers are very 
even and reflect light like a convex mirror. Tear 
film layers which tend to breakup, or evaporate 
quickly, become very uneven, leading to a distor-
tion of the  reflective points. From a vision point 
of view, light crossing these uneven surfaces 
gets refracted in a similarly uneven way, lead-
ing to higher-order aberrations which diminish 
the image quality at the retina. From a K-reading 
point of view, instable tear films affect the mea-
sured radius of curvature significantly [19]. In 
this context, Cassini can be used to assess the 
dynamics (stability) of the tear film by recording 
the corneal reflection of its projected LED pat-
tern over time. When the surface of the cornea 
is smooth, each projected color LED appears 
regular in the image forming a circle-like shape. 
However, during the inner blink period the tear 
film changes dynamically: producing localized 
“dry” regions that leads to distorted shapes of the 
projected color LEDs in the image (see Fig. 31.10 
for comparison). To capture the transition from a 
circle-like shape to distorted reflection, Cassini 
processes every frame and monitors the unifor-
mity of every reflected color LED. The distorted 
LED reflections are marked to indicate potential 
dry regions.
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Fig. 31.10 Projected corneal reflection into the colour 
camera captured with a Cassini device: (1) no degradation 
of the first Purkinje image and (2) first Purkinje image 

degraded. (3, 4) Lower 2 images are processed images 
where the degradation is highlighted in white

 Conclusion

Reflection-based corneal topography is not 
something new, but Cassini’s distinct and unique 
measuring principle sets it apart from other technol-
ogies. With close to 700 multicolor LEDs, as well 

as the ability to measure the posterior surface of 
the cornea by means of second Purkinje reflections, 
Cassini has taken the “proven” point- measurement 
system to a new level (Fig. 31.11). It is therefore 
a clearly differentiating platform with its primary 
application in the field of cataract surgery.
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Fig. 31.11 Cassini specifications
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