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Purpose: To evaluate the agreement of central corneal thickness (CCT) measurements between spectral-domain (SD) and swept- 
source (SS) optical coherence tomography (OCT) compared with the gold standard ultrasonic corneal pachymetry (US CP).
Methods: Adults with glaucoma and glaucoma suspects presenting with typical optic nerve head findings and high intraocular pressure 
with or without visual field damage were included. Patients underwent anterior segment (AS) SD-OCT (Spectralis, Heidelberg 
Engineering), AS SS-OCT (DRI-Triton, Topcon), and US CP. For both AS SD-OCT and AS SS-OCT, an 8.3 and a 3.0 mm single 
horizontal B-scan at the central cornea were performed and manually measured respectively. CCT was measured by three blinded different 
trained examiners. Intraclass correlation coefficient (ICC) and Bland-Altman plots were used for statistical analysis.
Results: Twenty-six eyes from 16 patients with glaucoma and glacuoma suspects were included. The mean (SD) age was 59.1 (10.5) 
years, and 87% were women. The mean (SD) CCT measurements were 548.04 (33.11) µm for AS SD-OCT, 538.88 (34.84) µm for AS 
SS-OCT, and 537.12 (29.20) µm for US CP. The overall agreement ICC was 0.915 (95% CI, 0.785–0.964; p<0.001). The best agreement 
was found between AS SS-OCT and US CP (ICC = 0.929; 95% CI, 0.849–0.967; p<0.001). When comparing AS-OCT methods with US 
CP, a difference of less than 10 µm was found in 53.8% of the eyes examined by SS-OCT, and in 50% of the eyes examined by SD-OCT.
Conclusion: OCT emerges as an effective modality for CCT measurements. This technology provides advantages such as patient 
comfort, B-scan trackability, and the possibility to conduct multiple glaucoma diagnostic modalities in a single device.
Keywords: optical coherence tomography, ultrasonic pachymetry, glaucoma, multimodal imaging

Introduction
Glaucoma is a worldwide leading cause of irreversible vision loss.1 As the global population ages, awareness, screening, 
and early detection of glaucoma will be crucial to mitigate its impact on eye health.2,3 Glaucomatous damage occurs due 
to a complex neuropathy with multiple contributing factors, marked by the gradual neurodegeneration of retinal ganglion 
cells and their interconnected axons.4 Because elevated intraocular pressure (IOP) is a major risk factor for the 
progression of glaucoma, early detection of risk and implementation of a strategy aimed at lowering IOP through 
targeted therapies can alleviate the mechanical stress exerted on retinal ganglion cells.5,6
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Measurement of central corneal thickness (CCT), also called corneal pachymetry (CP), plays a pivotal role in risk assessment 
in ocular hypertension (Ocular Hypertension Treatment Study [OHTS]) and in the propaedeutics of glaucoma (Early Manifest 
Glaucoma Trial [EMGT]).5,7–9 CCT does indeed correlate positively with IOP as measured by applanation tonometry. Since 
CCT could be overestimated or underestimated in some cases, its effect on measured IOP may be clinically significant. In the 
OHTS, pachymetry helped identify individuals with ocular hypertension who are at higher risk to the development of glaucoma, 
enabling a more precise risk stratification.7,8 Similarly, the EMGT incorporated CP as a key component of its propaedeutic 
approach, contributing to a meticulous evaluation of glaucoma and its progression.5,9 In both settings, CP emerges as a valuable 
tool in clinical practice, providing essential information for informed and personalized clinical decision-making.

In the study of glaucoma, the use of advanced optical coherence tomography (OCT) as part of the structural work-up has 
become the standard of care.10 However, using anterior segment (AS) OCT for screening is not a strategy employed by all. 
Nevertheless, AS-OCT has greatly increased the possibility of a precise noncontact assessment of the central cornea. This 
innovation has been particularly showcased through different iterations of OCT instruments, such as spectral-domain (SD) and 
swept-source (SS), which have combined accuracy and noninvasiveness in the field of corneal assessment.11 In the context of 
CCT measurements, OCT’s inherent ability to discern minute structural variations and to perform CCT measurements without 
direct contact with the corneal surface has added value to clinical practice.

The OCT technology provides a potentially more accurate, trackable, noncontact method for measuring CCT in 
glaucoma that could be utilized with posterior segment OCT and fundus photographs in a multimodal fashion in devices 
that become an all-in-one tool for structural evaluation. The aim of this study was to evaluate the agreement of CCT 
measurements using 3 different devices: SS-OCT, SD-OCT, and the gold standard ultrasonic (US) CP.

Materials and Methods
This prospective longitudinal study enrolled patients with glaucoma who were examined by AS SD-OCT, AS SS-OCT, 
and US CP at the ophthalmology department of Hospital de Clínicas de Porto Alegre, Brazil. The ethics committee of 
Hospital de Clínicas de Porto Alegre approved the study, which was conducted in accordance with the Declaration of 
Helsinki. Informed consent was obtained from all participants.

Participants
Patients with glaucoma and glaucoma suspects presenting with typical optic nerve head findings and high IOP with or 
without visual field damage were included in the study if they were 18 years or older. To capture adequate quality images, 
the requirements were visual acuity equal to or greater than 20/60, spherical equivalent equal to or less than ±6 SD, and 
absence of media opacity.

Study Protocol
All participants underwent a complete ophthalmologic examination, including best-corrected visual acuity, biomicro
scopy, applanation tonometry, and fundus examination. In addition, AS SD-OCT (Spectralis; Heidelberg Engineering), 
AS SS-OCT (DRI OCT Triton Plus; Topcon), and US CP (Ocuscan RXP Pachymeter; Alcon, USA) were performed. 
Only images of adequate quality score (>40 in SS-OCT and >20 in SD-OCT) were eligible for the study. Images with 
artifacts and/or poor-quality images were excluded. The US CP measurements were performed by a trained examiner at 
least 1 day prior to the OCT measurements, which were performed by a different trained examiner.

The scanning protocol consisted of an 8.3 mm single B-scan for AS SD-OCT (Figure 1A) and a 3.0 mm single 
horizontal B-scan at the central cornea for AS SS-OCT (Figure 1B). CCT was measured manually with the caliper 
available in the software by 2 different trained blinded examiners.

Statistical Analysis
Quantitative baseline data were described as mean (SD). Intraclass correlation coefficient (ICC) with 95% CI and 
a Bland-Altman assessment for agreement were used to compare CCT measurements among the 3 different methods. The 
data were analyzed using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA).
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Results
Twenty-six eyes from 16 patients were eligible for inclusion in the study. The mean (SD) age was 59.1 (10.5) years, and 
87% were women. Average (SD) circumpapillary retinal nerve fiber layer (cpRNFL) was 95.73± 16.54. The mean (SD) 
CCT measurements were 548.04 (33.11) µm for AS SD-OCT, 538.88 (34.84) µm for AS SS-OCT, and 537.12 (29.20) 
µm for US CP. The overall agreement ICC was 0.915 (95% CI, 0.785–0.964; p<0.001). The best agreement between AS- 
OCT methods and US CP was found for SS-OCT and US CP (ICC = 0.929; 95% CI, 0.849–0.967; p<0.001). The ICC 
was 0.871 (95% CI, 0.459–0.956; p<0.001) between SD-OCT and US CP, and 0.942 (95% CI, 0.435–0.984; p<0.001) 
between SD-OCT and SS-OCT. When comparing AS-OCT methods with US CP, a difference of less than 10 µm was 
found in 53.8% of the eyes examined by SS-OCT, and in 50% of the eyes examined by SD-OCT. The Bland-Altman 
plots depicting the differences between the methods and the average CCT between the methods are shown in 
Figure 2A–C.

Figure 1 (A) Central corneal thickness measured by anterior segment (AS) spectral-domain (SD) optical coherence tomography (OCT). The position of the B-scan is visible 
over the cornea, and the portion measured by the caliper is also visible. (B) Central corneal thickness measured by AS swept-source (SS) OCT. The same principles were 
applied. Note a difference of 11 µm between the methods.
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Discussion
Our study demonstrated that both SD-OCT and SS-OCT were comparable to the gold standard US CP for CCT 
measurement in a group of patients with glaucoma. The overall agreement was robust, as indicated by an ICC of 
0.915 (95% CI, 0.785–0.964). Notably, the most substantial agreement was observed between AS SS-OCT and US CP 
(ICC = 0.929; 95% CI, 0.849–0.967). The Bland-Altman analysis supported the results, revealing that more than 50% of 
the eyes displayed CCT measurement differences of less than 10 µm when comparing AS SS-OCT with US CP, with AS 
SD-OCT yielding a similar level of agreement when compared with the gold standard US CP.

The clinical equivalence of AS SD-OCT and AS SS-OCT with US CP for obtaining precise CCT measurements 
provides clinicians with a potentially more accurate, noninvasive, noncontact alternative to the standard US CP. Also, AS 
SD-OCT and AS SS-OCT provide precise measurements that allow examiners to target the specific corneal location for 
the assessment of CCT since the location of the B-scan remains trackable, which can be seen as an advantage over 
traditional US measurements. Furthermore, US is a technique that relies substantially on the expertise of the examiner, 
whereas OCT methods can reduce this bias by offering a more precise and more operator-independent assessment. 
Coupled with the noninvasive, noncontact, and eye drop-free nature of AS SD-OCT and AS SS-OCT, these capabilities 
render both techniques highly appealing alternatives in clinical practice for comprehensively assessing both the structure 
and thickness of the cornea and its particularities.11 In our study, the average CCT measured by the US CP was the lowest 
and the repercussion of these differences should be considered in IOP measurements, especially in the extreme ends of 
the pachymetry spectrum.

Several studies have compared CCT measurements between different brands of optical imaging devices and US 
pachymeters. A study by Vonor et al demonstrated that AS- OCT (Topcon 2000) was an alternative to US CP showing 

Figure 2 Bland-Altman plots showing the differences in central corneal thickness (CCT) as measured by swept-source (SS) optical coherence tomography (OCT), spectral- 
domain (SD) OCT, and ultrasonic corneal pachymetry (US CP). (A) SS-OCT vs SD-OCT (in µm); (B) US CP vs SS-OCT (in µm); and (C) US CP vs SD-OCT (in µm).
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a strong correlation between them. The authors also presented OCT as an alternative for performing CCT at the same 
time and device as the posterior segment OCT.12 Scotto et al measured CCT using AS-OCT, noncontact specular 
microscopy (SM), and US CP in healthy eyes. The mean (SD) CCT readings were 535.8 (35.5) μm, 547.7 (38.2) μm, 
and 537.4 (37.5) μm, respectively. The mean difference between US CP and OCT measurements was small, yet 
significant: 1.6 (8.6) μm (p=0.02).13 Differently from studies evaluating healthy individuals, we included a population 
with glaucoma or glaucoma suspects, and we employed ICC and Bland-Altman plots to access the interchangeability 
of the technologies.

There were studies comparing multiple technologies. Beutelspacher et al measured CCT using 4 different devices: 
Orbscan II (Bausch & Lomb, Germany), a scanning-slit Scheimpflug-based corneal analysis system; IOPac (Reichert/ 
Heidelberg Engineering, Germany), a conventional US pachymeter; SL-OCT (Heidelberg Engineering, Germany), 
a slit-lamp-mounted AS-OCT-based analysis system; and an optical low coherence reflectometry (OLCR) pachymeter 
(Haag Streit, Switzerland). While the repeatability of each device was high, the authors advised exercising caution 
when utilizing the Orbscan device interchangeably with US CP, since it has the potential to overestimate the results.14

Gokcinar et al examined the agreement of CCT measurements using SD-OCT (Nidek RS-3000 advance OCT), 
corneal topography (CoT) with a combined Scheimpflug-Placido system (CSO Sirius), optical biometry (OB) (Nidek 
AL-scan partial coherence interferometry-based), specular microscopy (SM), corrected SM (Tomey EM-3000), and US 
CP (Reichert iPac). Except for the differences between OCT and US CP and between CoT and corrected SM, there was 
a significant difference in mean CCT between the devices (p<0.05), with mean paired differences ranging from 0.68 to 
20.41 μm.15

Other studies comparing previous iterations of OCT with US CP also showed good association between the 
measurements.16–20 Rao et al compared two iterations of OCT and demonstrated that the CCT measurements using 
SD OCT RTVue had exceptional repeatability and were comparable to those using US CP, Orbscan, and Visante AS- 
OCT. However, there was a wide range of 95% limits of agreement among the CCT measurements using multiple 
devices, which might have a substantial impact depending on the specific clinical scenario.21 Unlike the studies 
mentioned above, ours compared two newer iterations of OCT (SD and SS OCT) with US CP.

Both AS SD-OCT and AS SS-OCT confer distinct advantages over traditional US CP measurements because they 
offer precise manual measurements that allow examiners to target a specific and trackable corneal location for the 
assessment of CCT, with the B-scan showing its exact location on the cornea. Additionally, AS-OCT methods provide 
clinicians with the invaluable opportunity to observe other morphological features of the cornea, allowing them to extend 
their valuable clinical insights beyond CCT measurement alone. The AS-OCT also allows evaluation of the angle 
structures, thus being helpful in assessing angle-closure glaucoma and other clinical subsets. The device used for SS- 
OCT in our study has the capability of taking fundus photographs, rendering it a potential all-in-one multimodal 
structural assessment tool for the propaedeutics of glaucoma.

Limitations of our study include the small sample size and the examiner-determined B-scans for SD-OCT and SS- 
OCT, which were measured manually. However, the measurements were performed by 2 different trained examiners. 
Another limitation is that the study population included only patients with glaucoma and glaucoma suspects.

In conclusion, OCT emerges as an effective modality for CCT measurements. Patient comfort, B-scan trackability on 
the cornea, and the possibility to perform multiple glaucoma examinations in a single multimodal device translate into 
a potential advantage of OCT for the comprehensive propaedeutics of glaucoma.

Statistical Analysis
Outsourced biostatistician.
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