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Abstract: Purpose: To describe a novel technique of using Spectral-domain (SD) anterior segment optical coherence 

tomography (SD-OCT) in the evaluation of corneal epithelial healing under a therapeutic contact lens (TCL) after lamellar 

keratoplasty and Epi-LASIK procedures. 

Design: Prospective, non-comparative, observational case series. 

Methods: Ten eyes of eight patients undergoing lamellar corneal transplantation and Epi-LASIK procedures at the 

Singapore National Eye Centre were included in the study.  Ultra-high resolution SD-OCT scans of the cornea with a TCL 

in-situ were performed sequentially on the first, third and fifth day after procedure, with the RTVue (Optovue, Inc, 

Fremont, CA, USA), and the image findings were correlated with the clinical picture. Complete epithelial healing was 

verified with removal of TCL and fluorescein staining.  

Results: 5 eyes underwent Descemet’s stripping automated endothelial keratoplasty (DSAEK), 1 eye underwent deep 

anterior lamellar keratoplasty (DALK) and 4 eyes underwent Epi-LASIK. All eyes had complete epithelial healing with 

TCL in-situ by the third post-operative day. SD-OCT images were able to demonstrate the epithelial layer distinctly under 

the TCL in all cases. 

Conclusions: SD-OCT is a valuable imaging tool for monitoring the progression of epithelial healing with TCL in situ in 

patients following corneal surgical procedures. 
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INTRODUCTION 

 Anterior segment optical coherence tomography (AS-
OCT) is an increasingly important and fast evolving tool that 
obtains high-resolution, real-time, cross-sectional images of 
the cornea and anterior chamber

 
[1-3]. Applications of AS-

OCT have been well described in the field of 
glaucoma/anterior segment surgery [4] with the evaluation of 
the drainage angle, trabeculectomy blebs and phakic 
intraocular lenses [5-8], as well as in corneal surgery where 
it is useful for the definition of both diagnostic [9, 10] and 
therapeutic [1, 11, 12] procedures. 

 Conventional AS-OCT machines e.g. Visante (Carl Zeiss 
Meditec, Inc, Dublin, CA, USA) and slit-lamp OCT 
(Heidelberg, Heidelberg Engineering, Germany) use low 
coherence interferometry, with time-domain detection in 
which the echo delay of back-scattered light is measured by 
mechanically sweeping a mirror in a reference arm. This 
achieves imaging speeds of 400 axial scans per second [3, 
13-15]. The development of a Spectral-domain detection 
system allows a dramatic improvement in the imaging 
speeds to 26,000 axial scans per second, resulting in ultra-  
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high resolution images which clearly distinguish the corneal 
sublayers including epithelium, Bowman’s layer, 
Descemet’s membrane and endothelium [2, 16-19]. 

 Procedures such as lamellar corneal transplants and Epi-
LASIK (Laser-in-situ keratomileusis) involve the removal of 
corneal epithelium intra-operatively, and therapeutic contact 
lenses (TCL) are often used post-operatively to reduce pain 
and promote rapid re-epithelization. The timing of TCL 
removal is dependent upon assessment of complete epithelial 
healing, and TCLs should not be left in place longer than 
necessary, due to the potential for secondary infection, but it 
is often difficult to visualize the size of the remaining 
epithelial defect beneath the TCL without the use of 
fluorescein, which is generally contraindicated in the 
presence of a TCL due to lens staining. TCL removal is thus 
required to enable fluorescein staining to assess the 
epithelium, but carries the risk of traumatizing new 
epithelium which is easily detachable during the early phase 
of healing, and which may further delay full epithelization. 
With the increasing frequency of such procedures, the use of 
a non-invasive method for monitoring epithelium healing 
under the TCL will be advantageous so as to gauge the 
appropriate timepoint for TCL removal. The aim of this 
study is to describe the use of a commercially available 
Spectral-domain Anterior Segment Optical Coherence 
Tomography (SD-OCT) as an imaging tool to document the 
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progression of epithelium healing under a TCL in post-
surgical cases. 

METHODS 

 This was a prospective, observational case series of 
patients from the Singapore National Eye Centre. A variety 
of cases were chosen to illustrate various situations with 
epithelial defects in which SD-OCT imaging may be useful. 
All patients had removal of epithelium during the primary 
surgical procedure: host epithelium in Descemet’s stripping 
automated endothelial keratoplasty (DSAEK) and Epi-
LASIK; and donor epithelium in deep anterior lamellar 
keratoplasty (DALK). A TCL was applied post-operatively 
to facilitate epithelial healing as well as to improve post-
operative patient comfort in DSAEK and Epi-LASIK cases 
[20, 21]. In all cases, topical steroids and broad spectrum 
antibiotics were also prescribed. 

 The SD-OCT system RTVue (Optovue, Inc, Fremont, 
CA, USA) was used to image the cornea with TCL in-situ. 
Horizontal and vertical radial scans through the corneal 
vertex were carried out for each eye on central fixation, right 
gaze and left gaze to show sections across the central and 
peripheral cornea including the advancing edge of migrating 
epithelial tissue. Scans were taken at 1024 axial scans per 
line sampling with a scan acquisition time of 0.04 seconds 
per line. The Corneal Adaptor Module (CAM) high 
magnification lenses provided scan width up to 4mm and 
transverse resolution of 10 m. 

 The rate and nature of epithelial tissue migration was 
monitored with SD-OCT imaging taken on the first and third 
post-operative day in all patients until complete epithelial 
healing was noted. This was verified with the removal of the 
TCL and fluorescein application to confirm a fully 
epithelized, intact corneal surface. 

RESULTS 

 10 eyes of 8 patients (4 male and 4 female, age ranging 
21 to 77 years (mean = 46.25 ± 19.5) were studied. Among 
these 5 eyes were right-sided and 5 were left-sided. 5 
patients underwent Descemet’s stripping automated 
endothelial keratoplasty (DSAEK) for Fuch’s endothelial 
dystrophy [n=3] and pseudophakic bullous keratopathy 
[n=2], 1 patient underwent deep anterior lamellar 
keratoplasty (DALK) for keratoconus and 2 patients 
underwent refractive correction by Epi-LASIK procedure. 

 In all eyes, the corneal epithelium was removed during 
the procedure (in the case of DALK, epithelium was 
removed from the donor cornea prior to graft placement) and 
a TCL was placed after the procedure. It was found that the 
SD-OCT images were able to show the corneal epithelium 
distinctly beneath the TCL including the leading edge of 
migrating epithelial tissue. Complete epithelial healing was 
noted on third post-operative day in all cases. Fluorescein 
staining after TCL removal confirmed the presence of a 
totally intact epithelium and correlated well with the SD-
OCT images (Fig. 1). 

DISCUSSION 

 During the early post-operative course of keratoplasty 
and Epi-LASIK, re-epithelialization is critical for 
stabilization of visual acuity, graft transparency, graft 

survival, and protection of the stroma against melting [22]. 
Re-epithelialization is routinely enhanced with the use of a 
therapeutic contact lens (TCL) post-operatively [21, 23, 24]. 
This healing process is traditionally monitored clinically by 
direct visualization of the advancing edge on slit lamp 
biomicroscopy [25] or with the use of fluorescein staining 
[26]. The latter requires the removal of the TCL, which 
frequently results in discomfort to the patient and may also 
contribute to epithelial trauma which impedes the healing 
process of the epithelium. Removal and reinsertion of the 
TCL also increases the risk of infection in the immediate 
postoperative period. Hence, the benefits of using SD-OCT 
imaging as a non-invasive, non-contact method to monitor 
cornea re-epithelialization can easily be appreciated. 

 The newer SD-OCT technology eg. Spectralis 
(Heidelberg Engineering, Heidelberg, Germany) and Cirrus 
(Carl Zeiss Meditec, Jena, Germany) achieves higher speed 
and resolution [2, 16-19, 27-32] than the conventional time-
domain (TD) OCT technology and thus is able to provide 
exquisite details and delineation of fine corneal layers. In 
TD-OCT, the reference mirror moves one cycle for each 
axial scan, thus this mechanical movement limits the speed 
of image acquisition – resolution of the TD-OCT is 
inadequate to enable visualization of the corneal epithelium 
[2].

 
Furthermore, serial axial scanning is required as the 

detection system receives signal from a narrow range of 
depth at any one moment. In SD-OCT the reference mirror is 
kept stationary and spectral interferograms obtained between 
sample and reference reflections are transformed to provide 
axial scans. The absence of moving parts allows rapid 
acquisition of images and reflections from all layers in the 
sample are detected simultaneously [18, 19, 30]. 

 The RTVue has a speed of 26kHz and an axial resolution 
of 5 m (full-width-half-maximum) in tissue, which are 
respectively 13- and 3-fold improvements over a Visante 
TD-OCT (Carl Zeiss Meditec, Inc, Dublin, CA, USA) [6, 17, 
18].

 
RTVue uses a shorter wavelength of 830nm (compared 

to the Visante at 1310nm) and broader bandwidth, producing 
both better transverse and axial resolutions. With higher 
resolution and definition, smaller details in the cornea 
including the epithelial layer become visible. 

 The advantages of SD-OCT over TD-OCT are clearly 
higher speed and higher resolution, producing more detailed 
images. In addition, the high speed of SD-OCT allows 
measurement of corneal topography and corneal power. 
However, the spectral OCT is limited in its small scan range 
[31-35]. The RTVue is limited to approximately 6mm scan 
width with the current adaptor lens, although this may be 
overcome with a different optical design. Due to this limited 
scan width, our study was unable to make accurate 
measurements of epithelial growth. A different adaptor lens 
that can image the entire cornea in one scan will be ideal to 
quantify the growth rate in future studies. 

 Another limitation is the strict trade-off between the scan 
depth and resolution because of the fixed pixel count of the 
line camera. The RTVue has a scan depth of only 2.3mm in 
tissue, but may be extended by employing complex 
conjugate resolution. Due to the shorter 830nm-wavelength, 
the RTVue has poor ability to penetrate tissue that cause 
high amount of light scatter e.g. the sclera and limbus. This 
may pose as a problem in glaucoma imaging where angle 
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recess, iris root and ciliary body are poorly visible by 
blocking of the sclera. Wong et al. [36]

 
showed that an 

adapted high definition OCT (modified Cirrus OCT mounted 
with a 60-diopter aspheric lens) was able to provide 
magnified views of the anterior chamber angle with 
visualization of Schwalbe’s line and trabecular meshwork 
although not the ciliary body. Fortunately, the above 
limitations are less of a concern in cornea imaging. 

 Studies conducted to investigate the rate of normal 
epithelial healing have shown that for a 5mm epithelial 
defect, complete wound closure occurs in 51±5.5 hrs, with a 
rate of 0.57±0.07mm

2
/hr in the early phase of healing (0-

25hr) and 0.21±0.06 mm
2
/hr in the later phase (30-55hr) [37, 

38]. Our study was consistent with the reported rates as we 
were able to show that all cases had complete epithelial 
healing by the third day post procedure. Future studies where 
direct measurement of the epithelial defect can be done to 
calculate the exact rate of wound closure. 

 As shown in our study, SD-OCT images are able to 
demonstrate the epithelial layer under the TCL very 
distinctly. Hence, SD-OCT is an excellent tool for 
monitoring re-epithelialization. It negates the need of TCL 
removal or fluorescein application during the healing phase 
and avoids any unnecessary micro-trauma to the epithelium, 
patient discomfort or risk of infection during the process. 
Direct slit lamp biomicroscopic visualization of the healing 
epithelium can be difficult in cases of edematous corneas 
following DSAEK especially with a TCL in-situ. The use of 
SD-OCT can be applied to a number of corneal conditions 
apart from post-operative epithelial healing including 
monitoring the progression and epithelial healing response of 
ocular surface disorders including neurotrophic keratitis, 
recurrent corneal erosions, metaherpetic corneal ulceration 
and other forms of delayed epithelial healing to treatment, 
documenting the depth of lesions in stromal dystrophies, and 
assessing patients’ post-refractive corneal surgical 
procedures.  

 

Fig. (1). SD-OCT images from patient in case report. A, First post-operative day over central cornea vertex, showing absence of epithelial 

layer under TCL. B, First post-operative day over nasal limbus, showing edge of epithelial layer (arrow). C, First post-operative day over 

temporal limbus, showing edge of epithelial layer (arrow). D, Third post-operative day, showing complete epithelial layer under TCL 

(arrow). 
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 The main drawback of this study is the limited number of 
study subjects, and this is primarily because the usage of SD-
OCT in this study is unprecendented and this study serves as 
a pilot for future studies. We also acknowledge the fact that 
the state-of-the-art SD-OCT may not be readily available in 
all clinical settings and hence future studies are necessary to 
investigate the cost effectiveness of the SD-OCT for routine 
use. 

 In summary, SD-OCT demonstrates the ability to 
monitor the corneal epithelial growth under a TCL in post-
surgical cases with high-resolution images and will likely be 
a useful tool in the diagnostic management of corneal 
patients. 
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