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Abstract
● AIM: To explore the possibility of deploying three contactless 
devices (static and rotating Scheimpflug technology, 
spectral domain optical coherence tomography) for 
measuring central corneal thickness (CCT) in preoperative 
and postoperative examinations of cataract patients. 
● METHODS: Totally 72 patients who had undergone 
surgery without complications were selected. The CCT was 
measured prior to the operation, as well as on the first, 5th-
7th and 28th day following the operation using the Nidek NT 
530-P, Sirius®, and Topcon OCT-2000 devices. 
● RESULTS: A significant postoperative increase and 
subsequent decrease in CCT was identified with all three 
devices. The correlations were highly significant and thus 
reflect a very good degree of comparability at all times 
with the exception of the rotating Scheimpflug camera. The 
postoperative results from the latter differed significantly 
from the other devices. The correlations were Sirius/Topcon 
(P=0.010) and Sirius/Nidek (P<0.0005). No statistically 
significant difference could be identified in the comparison 
between Topcon and Nidek (P=0.056).
● CONCLUSION: All three devices are suitable for 
postoperative monitoring of CCT. The measurement results are 
only comparable to a limited extent and not interchangeable 
in the course of treating a single patient. This is due to the 
different imaging technology used in the devices and the 
resulting modalities for conducting the measurements.
● KEYWORDS: cataract surgery; pachymetry; corneal 
thickness; Scheimpflug imaging; optical coherence tomography
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INTRODUCTION

T he human cornea is composed of multiple layers. 
The external epithelium is situated on the Bowman’s 

membrane. The corneal stroma, consisting of collagen fibres, 
has the biggest share of the corneal thickness, followed by 
another basal membrane (Descemet’s membrane), which 
acts as a base for the endothelium, the barrier to the anterior 
chamber.
Aqueous humour diffuses the corneal stroma from the anterior 
chamber. At the same time the endothelium dehydrates the 
cornea by pumping fluid from the cornea into the anterior 
chamber to maintain an equilibrium between both components 
and keep the cornea transparent. If the hydration of the cornea 
is increased, its symmetrical collagen network gets destroyed 
and the stroma appears oedematous and opaque. The loss of 
the corneal transparency leads to deteriorated visual acuity[1].
Corneal Endothelium and Cataract Surgery  The 
ultrasound energy needed to fragment the hard nucleus during 
cataract surgery strains the corneal epithelium[2-5]. A transient 
endothelial deterioration reduces the rate of intrastromal 
dehydration leading to an imbalance between influx of water 
from the anterior chamber into the corneal stroma and the 
active transportation of water into the anterior chamber by 
the corneal endothelium. This results in corneal swelling 
and thereby an increase in central corneal thickness (CCT) 
as an expression of endothelial decompensation. Extent and 
decrease of corneal swelling prove the endothelial recovery 
and compensation of its function[3,6-14]. 
A high preoperative endothelial cell count (ECC) does not 
guarantee an uncomplicated intra- and postoperative course 
and a low ECC does not make corneal complications not 
inevitable. 

Measuring corneal thickness perioperatively using three different techniques
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Taking these conditions into account it is any case mandatory 
to monitor the postoperative course of the cornea. This can be 
done be measuring the increase and decrease of the CCT as a 
result of the endothelium’s ability to compensate its function. 
Preoperative measurements will be used as a reference. 
Corneal Diagnostics  Ultrasound pachymetry posed the gold 
standard for measuring the CCT for many years. Disadvantages 
of this method are poor reproducibility and dependency on 
the examiner in general[15-17]. On the other hand, sonography 
is a contact process, which can additionally affect the cornea 
which may be harmed by surgery already. Finally there is the 
toxicity of topical anaesthetic agents which are necessary for 
ultrasound pachymetry[18]. 
Apart from ultrasound pachymetry a number of non-contact-
techniques have been developed and established which are 
able to measure CCT[9,11-12,19-25]. The goal of this study was to 
evaluate the feasibility of different techniques to measure CCT 
in the perioperative course of uneventful cataract surgery using 
phacoemulsification. 
Reliable and reproducible measurements which can be 
delegated to medical assistance personnel are desireable. 
The examination should be carried out quickly. For 
economic reasons the inclusion of corneal pachymetry into a 
multifunctional device is desireable. In this study modern non-
contact-techniques for measuring the CCT were evaluated. 
Besides comparing three different devices, the feasibility of 
measurements was examined in a real-life-situation. 
Economical Aspects  Economical aspects are becoming more 
and more important as many surgical units are performing 
20, 30, 50 or even more cataract operations every day and 
postoperative care must be provided. This is an important 
issue as the resource “ophthalmologist/physician” is becoming 
scarce and sought after. So as many parts of the examination as 
possible have to be delegated to medical assistance personnel. 
SUBJECTS AND METHODS
Ethical Approval  The study was approved by the Ethical 
Committee of the University of Bonn, Germany and conducted 
per the international ethical standards outlined by the Declaration 
of Helsinki. Informed consent was obtained from the patients.
Totally 71 patients with sight-limiting cataract were included 
in this study. The patients’ age was 79.09±5.84y (54-89y), 30 
(42.2%) males, 41 (57.7%) females. Patients were selected 
after uneventful cataract surgery. Exclusion criteria were 
previous ocular surgery, corneal disease of any kind or 
incompliance to therapy or follow-up visits. 
All surgical procedures were performed by the same surgeon 
(Handzel DM) using topical or parabulbar anaesthesia and a 
divide-and-conquer-technique through a 2.8 mm main incision. 
A foldable 1-piece-intraocular lens (IOL) was implanted in 
the capsular bag in all cases. Postoperatively dexamethasone/

gentamycin-ointment was applied. The same medication was 
prescribed as eye drops in a tapered regime for the following 4wk. 
All selected patients underwent a comprehensive ophthalmological 
examination (U1) within 4wk prior surgery. This included 
objective refraction, best corrected visual acuity, tonometry, 
anterior segment Scheimpflug imaging, optical coherence 
tomography (OCT) of the anterior segment and if needed the 
macula, slit lamp examination and fundoscopy. The CCT was 
readout after using statical Scheimpflug imaging (NIDEK 
NT 530-P) which takes place during tonometry, rotating 
(Sirius) Scheimpflug photography and anterior segment-OCT 
(Topcon-2000). 
Further examinations were performed on the first day 
postoperatively (U2), 3-6d postoperatively (U3), and 3-5wk 
postoperatively (U4). Besides a comprehensive postoperative 
clinical examination, CCT was measured at each visit. 
Statical Scheimpflug Photography  The Nidek NT-530P is 
a combination of a non-contact tonometry and pachymetry. 
The camera is placed diagonally below the cornea, and then 
sections of cornea are reflected through the lens and projected 
on the camera. The anterior and posterior position of the 
cornea are reflected on different positions of the camera. The 
corneal thickness can be calculated by the distance between 
these. The result is given by a printout listing the measured 
values, an image is not available. 
Rotating Scheimpflug Photography  The Scheimpflug 
camera Sirius (Fa. Costruzione Strumenti Oftalmici, Scandicci, 
Italy) is a new multifunctional device, which is also equipped 
with a Placido-system for corneal topography, infrared 
meibography, pupillography and tear film analysis. 
A rotating Scheimpflug camera is acquiring 25 radial images 
of the cornea and the anterior chamber in 2-3s. The images 
are analysed and the results include tangential and sagittal 
curvature data for the anterior and posterior surface of the 
cornea, corneal refractive power, biometrical analysis of 
multiple structures of the anterior segment (anterior chamber 
volume, chamber angle etc.), a calculation of the corneal 
wavefront and corneal pachymetry. The system is measuring 
35 632 points on the anterior and 30 000 points on the posterior 
surface of the cornea during 5-6s. This data is calculated to a 
pachymetry map by version 1.0.5.72 of the Phoenix® software 
(Fa. Costruzione Strumenti Oftalmici, Scandicci, Italy). 
Anterior Segment OCT  The OCT-2000 (OCT-2000, Topcon 
Europe Medical B.V., Capelle a/d IJssel, The Netherlands) is 
a multifunctional OCT for imaging the anterior and posterior 
segment of the eye. Scanning method for the cornea is a radial 
scan of 6 mm with a line resolution of 4096 pixel and an axial 
depth resolution of 5 µm. 
Measurement Acquisition  All examinations were carried 
out by well-trained medical technicians according to the 
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manufacturer’s advice. The patient was advised to focus on 
an indicator light and asked to blink prior image acquisition 
to assure an evenly spread tear film. If image quality was not 
satisfactory, unpreserved lubricant eye drops were applied and 
the examination repeated. 
Statistical Analysis  Statistical analysis was performed using 
IBM SPSS Statistics, Version 22. The statistical test used are 
given in the results section. All data was worked up identifying 
maximum, minimum, mean, standard deviation and variance. 
Correlations were investigated using Pearson’s correlation and 
checked by Bonferroni-correction. 
Purpose and Endpoints of the Study  Use of the devices 
perioperatively by medical assistance personnel under real-
life circumstances in order to get useful and valid results; 
Correlations of CCT for every measurement (U1, U2, U3, U4) 
and between the different devices.
RESULTS      
The results of 71 eyes were analyzed. CCT was measured 
at four different point of time. Some data could not be 
gathered due to different reasons all concerning the patients’ 
cooperation. The amount of missing data did not differ 
significantly between the devices as will be explained in more 
detail below (Table 1). 
As expected, an increase in CCT was noticed on the first 
postoperative day (U2). This increase was detected as 
statistically significant with all three devices. At U3 there was a 
tendency toward a decrease in CCT which was not statistically 
significant. At U4 CCT was measured within the range of 
preoperative results which was statistically significant 
(Figure 1). 
An important aspect of this study was the comparability of 
the three devices under demanding–in this case perioperative-
circumstances. Correlations of the results are given in Table 2. 
All bivariate correlations between the three devices were 

highly significant (P≤0.001) at (almost) every point of 
time. This implies good comparability of different devices 
at different points of time. An important exception can be 
seen with the Scheimpflug camera: the results of the Sirius 
device differed significantly from the other two devices at U2, 
compared to the OCT also with U3 (Tables 3 and 4). 
There were significant differences concerning repeated 
measures with both device and point of time (t-test). 
Significance with interaction in the last line points out that the 
profiles in the course of time were distinguishable for each 
device. 
Follow up-tests (P-values after Bonferroni-correction) for the 
significant parameters device and point of time brought the 
following results: 
Device: significance for Sirius/Topcon (P=0.010) and Sirius/
Nidek (P<0.0005). No difference for Topcon/Nidek (P=0.056) 
Point of time: significance for U1/U2, U1/U3, U2/U4, U3/U4 
respectively, no significance for U1/U4 an U2/U3. This means 
CCT increases from U1 to U2, stays on this level until U3 and 
decreases on U4 to the level of U1 (Table 5). 

Table 1 Number of measurements taken with the three devices and at different points of time

Device Point of time, U n Min, µm Max, µm Mean, µm SD, µm Variance

SIRIUS 1 70 425 622 539.91 40.57 1646.20

SIRIUS 2 59 77 728 571.83 85.10 7242.04

SIRIUS 3 55 223 714 558.07 77.18 5957.03

SIRIUS 4 47 472 632 543.09 37.05 1372.56

TOPCON 1 65 488 616 549.34 27.91 779.13

TOPCON 2 67 522 655 582.81 27.58 760.89

TOPCON 3 60 525 648 579.37 30.98 960.00

TOPCON 4 59 496 613 556.53 28.34 802.91

NIDEK 1 69 479 636 551.16 32.19 1036.05

NIDEK 2 56 507 707 594.79 44.32 1964.10

NIDEK 3 57 510 701 584.98 37.22 1385.20
NIDEK 4 62 486 625 552.89 32.66 1066.36

Figure 1 Display of CCT in µm (Y-axis) with the three devices at 
different points of time (X-axis). 
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The estimate of covariance parameters is–apart from two 
exceptions–highly significant different from zero, another 
structure is not detectable. So, it will not be moved away from 
the assumption of an unstructured covariance matrix. 
DISCUSSION
The strain on the corneal endothelium by a variety of 
mechanical and toxic influences which occur during cataract 

surgery is one of the greatest risk factors for postoperative 
complications[3,26-29]. 
Compromising of the corneal endothelium leads to a transitory 
reduction of its capability to dehydrate the corneal stroma, 
thus leading to a corneal edema. For this reason, it is important 
to monitor the rehabilitation of the endothelial capability of 
postoperative corneal dehydration. Postoperative swelling as 
well as the following corneal dehydration and the associated 
detumescence caused by the endothelium’s pump function 
could be shown significantly with all devices used. 
The application of different devices and techniques for 
measuring the CCT have already been evaluated by numerous 
studies[15,19-22,30-37]. Most of these publications compared 
the results of measurements taken with the present gold 
standard, ultrasound pachymetry. Jin et al[10] and Jorge et al[22] 
demonstrated excellent accordance in measurements taken by 
a Scheimpflug camera with ultrasound pachymetry. Especially 
Jorge et al[22] underlined that a feasible compensation of the 
results remained not possible. Anterior segment OCT was 
also compared with ultrasound pachymetry when measuring 
CCT[12,25,34]. The feasibility of anterior segment OCT was 
shown but also with this device there was no interchangeability 
with results generated by ultrasound pachymetry, although 
correlations remained acceptable[15]. 
Evaluations have been performed between different imaging 
techniques. Different authors have compared results of 
Scheimpflug imaging and anterior segment-OCT[12,21,29,38-39]. 
Most authors emphasize low comparability between different 
techniques whereas validity within every single technique is 
very high. Other authors have found correlations that would 
allow an interchange of results using different techniques[39-40]. 
The use of these devices postoperatively has not yet been 
described. Our study was to investigate the comparison of 
three different devices but for the first time also their practical 
application apart from study conditions with optimised 
circumstances. 
This was done by examination of untreated eyes (U1) and during 
the postoperative period (U2-U4). Beside the comparability 
of the devices, their use under difficult conditions, which can 
occur postoperatively (periocular swelling, corneal edema, 
folds of Descemet’s membrane etc.) was an important outcome 
of this study. 

Table 2 Correlations (Pearson) between different devices at 
different points of time U1-U4

Device Topcon correlation; P, n Nidek correlation; P, n
Sirius

U1 0.745; (<0.0005), 64 0.725; (<0.0005), 68
U2 0.257; (0.052), 58 0.405; (0.004), 49
U3 0.462; (0.001), 53 0.553; (<0.0005), 49
U4 0.742; (<0.0005), 45 0.863; (<0.0005), 47

Topcon
U1 - 0.919; (<0.0005), 63
U2 0.787; (<0.0005), 55
U3 0.872; (<0.0005), 54
U4 0.908; (<0.0005), 62

Table 3 Correlations (Pearson) between different points of time 
with each device
Device U2 correlation; P, n U3 correlation; P, n U4 correlation; P, n

U1

Sirius 0.366; (0.005), 58 0.428; (0.001), 54 0.819; (<0.0005), 47

Topcon 0.522; (<0.0005), 61 0.669; (<0.0005), 54 0.794; (<0.0005), 53

Nidek 0.669; (<0.0005), 56 0.710; (<0.0005), 55 0.823; (<0.0005), 60

U2

Sirius - 0.433; (0.002), 48 0.458; (0.003), 40

Topcon 0.448; (<0.0005), 58 0.466; (<0.0005), 56

Nidek 0.678; (<0.0005), 44 0.619; (<0.0005), 49

U3

Sirius - - 0.578; (<0.0005), 38

Topcon 0.719; (<0.0005), 51

Nidek 0.751; (<0.0005), 52

All bivariate correlations of different points of time highly significant 
for each device (P≤0.0005). 

Table 4 Comparison of the devices and points of time

Parameter Mean Standard 
deviation 95%CI Pa

Device
Sirius 549.92 6.10 537.77; 562.07 <0.0005
Topcon 563.68 3.44 556.83; 570.54
Nidek 567.78 4.18 559.46; 576.11

Point of time
1 544.79 4.24 536.35; 553.23 <0.0005
2 581.40 5.56 570.32; 592.46
3 569.16 5.41 558.37; 579.94
4 546.50 4.15 538.25; 554.76

Point of time/devicea (interaction) <0.0005

The differences of the parameters of repeated measurements were 
highly significant (t-test).

Table 5 Corneal swelling could be detected with statistical 
significance from pre- to postoperative, the same applies to the 
decrease of CCT postoperatively 

U 2 3 4
1 P<0.0005 P<0.0005 P=1.000
2 - P=0.085 P<0.0005
3 - - P<0.0005

P-values after Bonferroni-correction.
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Comparing the three devices this study could show significant 
differences in results produced with the Sirius and the Topcon 
device (P=0.010) and between Sirius/Nidek (P<0.0005). There 
were no differences in the comparison of the Topcon and the 
Nidek device (P=0.056). The use of the Sirius camera resulted 
in fewer reliable results than with the other two devices used 
in this study. This has to be explained with the more complex 
acquisition process with the rotating camera, which can be 
made more difficult by conditions like lid swelling or corneal 
edema which are not that challenging with a frontal acquisition 
process as used by the Topcon and the Nidek device. 
On the other hand, the Scheimpflug camera offers numerous 
additional information which can be of interest in a postoperative 
situation. All this information is available within a single 
successful image acquisition without additional loss of time. 
Depending on the particular situation this can be aspects as 
wound construction[23], anterior chamber configuration[22] or 
the position of the implanted lens in the anterior chamber, the 
ciliary sulcus or the capsular bag[41]. 
The advantage of measurements with the Nidek NT 530-P is 
without doubt the very fast course of image acquisition, which 
is generated during pre- and postoperative IOP-measurement 
nearly without delay. In contrast to that the imaging process 
with the OCT-2000 presents the most time-consuming 
procedure as an additional device has to be used. 
Postoperative alterations of the cornea can aggravate 
difficulties of the measurements. High EPT as an indicator of a 
more complicated operation, which demands more ultrasound 
energy because of a harder nucleus or prolonged intraocular 
manipulation, is a common feature. But there are other 
postoperative changes affecting the quality of the image and so 
the result. These are corneal edema, Descemet’s folds, which 
can be seen after considerable intraocular manipulation or lid 
swelling due to perioperative medication or the lid speculum. 
The variance in variability of valid data can be partly explained 
by the examination method. Kurten et al[16-17] compared the 
postoperative increase of CCT measured by sonography, 
Scheimpflug imaging and OCT. Kuerten et al[16-17] showed 
an increase in CCT to a considerable higher degree as in 
this study, the mean of CCT was distinctly above 600 µm, 
which was not reached by any technique in this study. This 
can be explained by a higher surgical stress leading to more 
endothelial decompensation or with different devices using 
the same technique in the two studies. This assumption is 
supported by the fact that the increase in CCT in the study by 
Kuerten et al[16-17] was greater when measured with the rotating 
Scheimpflug camera than with the OCT whereas in this study 
it was diametrically opposite. The study by Kuerten et al[16-17] 
used other devices (Pentacam, Fa. Oculus, Wetzlar, Germany 
and Spectralis OCT, Fa. Heidelberg Engineering, Heidelberg, 

Germany). Possibly there are considerable differences 
between devices of the same imaging technique from different 
manufacturers[16-17,42]. 
The use of the devices in anterior segment diagnostics and 
especially in measuring CCT has already been evaluated 
extensively [15,19-22,25,30,35,43]. Most studies compared the 
results with the gold standard, ultrasound pachymetry. 
Various authors have found excellent correlations of CCT 
measured with Scheimpflug diagnostics and ultrasound 
pachymetry[10,12,22,25,38,42]. Similar results were found for 
OCT[12,15,29,34]. 
Different measuring techniques have also been investigated 
and compared[21,33] All authors underlined poor comparability 
between different techniques while the consistency and 
reliability were high. 
Comparing the three devices in this study significant 
differences were highlighted between Sirius/Topcon (P=0.010) 
and between Sirius/Nidek (P<0.0005). No differences were 
seen when comparing Topcon/Nidek (P=0.056). 
Using the Scheimpflug device resulted in fewer reliable results 
compared to the other two devices. 
This might be due to higher efforts when using this technique 
as the rotating camera takes more time and postoperative 
changes like lid swelling or corneal edema might be more 
disturbing than using a frontal position in image/measurement 
acquisition. On the other hand, multiple information can be 
gained using the Scheimpflug technique apart from CCT. 
Depending on the problem this can be wound construction[23], 
anterior chamber configuration[22] or position of the implanted 
anterior or posterior chamber lens[41]. The advantage of 
using the Nidek NT 530-P is very fast data acquisition 
simultaneously to the obligate measurement of the intraocular 
pressure. In contrast to this the application of the Topcon OCT-
2000 requires the use of an additional device and examination.
Postoperative corneal swelling and the following reduction of 
CCT could be detected statistically significant with all three 
devices. The differences in the availability of reliable data can 
be explained by the examination technique. 
Measurements were feasible at all points of time pre- and 
postoperatively to a satisfying amount. However, there were 
significant differences between the devices concerning the rate 
of reliable data. 
In conclusion, three different, partly multifunctional devices 
with the capability of measuring the CCT were evaluated 
pre- and postoperatively in the course of routine cataract 
surgery. While feasibility and reliability of these techniques 
in measuring CCT have been looked into previously in 
numerous studies, this study explored measurements under 
more difficult circumstances like immediate postoperative 
examinations. 
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Measurements were successful for all points of time with all 
devices to a satisfying degree. However, there were differences 
between the three devices used in this study. The Sirius 
Scheimpflug camera stood out with a significantly lower 
degree of utilisable images. 
The already known phenomenon of postoperative corneal 
edema and swelling due to transient disturbance of the corneal 
endothelium could be proven with statistical significance with 
all three devices. 
The analysed devices/techniques were altogether suitable 
for perioperative monitoring of the corneal thickness. The 
results are only comparable to a limited extent and not 
interchangeable during the course of postoperative recovery. 
The reasons for this can be found in different techniques of 
image acquisition but also in differences between devices with 
the same technique of different manufacturers. 
This study shows that numerous devices are capable of 
measuring CCT perioperatively. The choice which device 
to choose has to be based on the information wanted to 
extract out of a single examination (e.g., relevance of corneal 
topography, interest in anterior chamber morphology or 
location of an implanted lens) but also effort and speed of a 
single examination. 
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