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ABSTRACT

Purpose:  The purpose of this study is to evaluate corneal thick-
ness using ultrasound pachymetry technology (US) in comparison 
to optical coherence tomography (OCT) in tissues pre resection for 
descemet stripping automated endothelial keratoplasty (DSAEK)

Methods:  30 donor corneas that were suitable for DSAEK 
were enrolled in this prospective study. All precut corneas were 
prepared for DSAEK using standard eye bank protocol.  Prior 
to cutting and epithelial scraping, central and midperipheral (3 
mm from center) thickness of donor corneas were measured via 
ultrasound pachymetry and OCT. Of these 30 corneas, 15 were 
also analyzed for post resection thickness. The anterior lamellar 
cap was removed and the measurements were taken again via 
ultrasound and parallel measurements were taken using OCT 
after 1.5 hours. Differences between measurements were studied 
using t-test and correlation coefficients.  

Results: Both OCT and US provide similar central thickness of 
tissue pre resection (difference of -9 μm +/- 55 μm, P= 0.39) and 
post resection (difference of 5 μm +/- 59 μm, P= 0.75). However, 
while there was no difference in the post resection tissue mid-
peripheral thickness between the two devices (difference of -15 
+/- 52 μm, P= 0.28), there was a statistically significant in the 
pre resection midperipheral thickness (difference of -145 +/- 88 
μm, P < 0.01).

Conclusion: OCT and US produce similar measurements for 
central thickness in both pre resection and post resection lenti-
cules. However, while the post resection midperipheral thickness 
is similar between the two modalities, there is some variation in 
the pre resection thickness of the mid-periphery.

Keywords: Descemet Stripping Automated Endothelial Kerato-
plasty, Cornea Transplantation, OCT, optical coherence tomogra-
phy, ultrasonic pachymetry

Descemet stripping automated endothelial kera-
toplasty (DSAEK) is a well-established surgical 
technique used to treat corneal diseases.1 Increas-

ingly, surgeons have preferred to obtain precut donor tissue 
from eye banks rather than prepare the tissue in the oper-
ating room.2,3 Eye-bank prepared tissue has been shown to 
have similar outcomes, dislocation rates, and final endothe-
lial cell loss as surgeon prepared tissue.4,5

Controversy currently exists as to whether the thickness 
of precut endothelial keratoplasty (EK) lenticules affects 
post-surgical outcomes.  Recent studies have shown that 
there is insufficient evidence that graft thickness influences 
best corrected vision after DSAEK.6,7 Other studies suggest 
thinner tissue may lead to better refractive outcomes.8, 9 

Additional studies have shown that, compared to DSAEK 
with central thickness of 200 microns, ultrathin DSAEK 
(central thickness less than 130 micrometers) results in 
better and faster recovery of best corrected visual acuity.10,11 
Given the correlation in hyperopic shift following DSAEK 
with central thickness of EK lenticules12,13 as well as surgeon 
preference in lenticule thickness, accurate measurements of 
precut tissue thickness at eye banks are necessary. 

While traditionally ultrasound pachymetry (USP) has been 
used to measure corneal thickness in eye banks due to its 
reliability and low cost, anterior segment optical coher-
ence tomography (AS-OCT) has risen in favor due to the 
high-resolution images of the tissue.14 OCT is a non-con-
tact and repeatable method for evaluating corneal thickness 
that minimizes the stress placed upon the endothelium and 
risks of contamination; however, compared to ultrasound 
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pachymetry, AS-OCT is a more expensive modality, which 
can limit its use.15 AS-OCT can also provide a complete 
thickness profile of a tissue which may be valuable for 
surgeons, given that a non-uniform thickness profile as well 
as central thickness measurements influence the definite 
refractive outcome post-operatively.16 A recent study has 
shown that AS-OCT might eventually be used as a pre-ker-
atoplasty advanced screening technique in donor corneas.17

Previous studies have compared central thickness measure-
ments with OCT and US. Some have found OCT measure-
ments such as those with the Visante OCT are on average 
thicker than the traditional US measurements.18,19  Still 
others have found that the AS-OCT Visante and RTVue 
measured thinner than US with a statistically significant dif-
ference in peripheral measurements.20,21 

This study compared AS-OCT RTVue to ultrasound pa-
chymetry in measuring corneal thickness of the pre re-
section cornea and post resection DSAEK lenticules both 
centrally and midperipheral. To our understanding, this is 
the first study to measure pre resection lenticules centrally 
and midperipherally with the RTVue using Life4˚C corneal 
preservation medium (NuMedis; Isanti, MN, USA).  

MATERIALS AND METHODS
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Insitutional Review 
Board approval was obtained for research on these corneas.

We performed lamellar graft dissection on 30 corneas using 
standard eye bank protocol and measured corneal thickness 
via USP (PalmScan Pachymeter, MicroMedical Devices; 
Calabasas, CA, USA) and AS-OCT (RTVue, Optovue, Inc.; 
Fremont, CA, USA). Donor corneas were obtained from the 
Lion’s Eye Bank of Texas, Cullen Eye Institute (Houston, 
TX). Tissues were stored in Life4˚C corneal preservation 
medium (Numedis; Isanti, MN, USA).  

Prior to dissection, OCT images were taken of the tissues 
(“pre resection” tissues) at the Lion’s Eye Bank using a 

mounted viewing chamber. Corneas were then marked at 
two locations to maintain orientation: centrally and at 0 
degrees. Prior to epithelial scraping, ultrasound pachyme-
try was used to measure 5 points: center and 4 peripheral 
points located halfway between the center and limbus (3 
mm from center) at 0, 90, 180 and 270 degrees. A micro-
keratome system (Moria, Inc; Doylestown, PA, USA) then 
dissected the anterior lamella following eye bank protocols. 
After microkeratome cut, 4 tissues with corneal perfora-
tion were excluded from the study. Another 11 tissues were 
excluded as the OCT technician was not available. 

For 15 of the corneas, after dissection the anterior lamellar 
cap was removed and the residual graft was measured using 
USP again at the same 5 points. The corneas with cap were 
then transferred to a chamber containing Life4˚C media 
and a second OCT image was taken. All images using OCT 
were taken at least 1.5 hours after cutting. Using the ruler 
function of the RTvue,  measurements of the central and 
mid-peripheral corneal thickness (3 mm from center) were 
taken. 

STATISTICAL AND DATA ANALYSIS
All data were collected on an Excel sheet (Microsoft Office 
2013), and the Data Analysis Tool Pack was used to calcu-
late statistics. The midperipheral measurement was calcu-
lated by averaging the values taken a 0, 90, 180, and 270 
degrees.  A two sample T-test for equal or unequal variance 
was used to assess if the differences in central and mean 
midperipheral thickness measurements for US and OCT 
were statistically significant. A p-value < 0.05 was consid-
ered statistically significant. Bland-Altman plots were also 
used to evaluate agreement in the measurements.22 

RESULTS
Pre resection central corneal thickness measurements by 
US and OCT in eye bank-prepared donor corneas were not 
statistically different. Average of 486 μm via US and 495 
μm via OCT (difference of -9 μm +/- 55 μm, P= 0.39) (See 
Table 1). Central post resection thickness measurements 
were also not statistically different with an average of 112 

Table 1  
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μm via US and 107 μm via OCT (difference of 5 μm +/- 59 
μm, P= 0.75). Central measurements were correlated (Pre 
resection: r= 0.66, P < 0.01; Post resection: r= 0.62, P= 
0.01). Pre resection midperipheral thickness measurements 
were statistically different with an average of 563 μm via 
US and 709 μm via OCT (difference of -145 +/- 88 μm, P 
< 0.01). However, post resection midperipheral thickness 
measurements were not statistically different with an aver-

age of 164 μm via US and 178 μm via OCT (difference of 
-15 +/- 52 μm, P= 0.28). Midperipheral measurements were 
correlated (post resection: r= 0.72, P < 0.01; pre resection 
r= 0.53, P < 0.01). (See Figures 1-4). Bland-Altman Plots 
were generated for all measurements (Figure 5). The 95% 
confidence interval for the pre resection midperipheral 
thickness measurements was between 28 μm and -319 μm. 
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Figure 1: Pre resection ultrasound vs optical coherence 
tomography central thickness correlation

Figure 2: Pre resection ultrasound vs optical coherence 
tomography midperipheral thickness correlation

Figure 3: Post resection ultrasound vs optical coherence 
tomography central  thickness correlation

Figure 4: Post resection ultrasound vs optical coherence tomog-
raphy midperipheral thickness correlation
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DISCUSSION
Both OCT and US provide similar central thickness of 
tissue pre resection and post resection. However, while the 
post resection midperipheral tissue thickness was similar 
between the two devices, the pre resection was not. 

These results suggest that both OCT and US provide simi-
lar central thickness measurements in the same tissue. This 
finding agrees with previous studies.18,20 While a previous 
study has shown that the post resection midperiphery 
thicknesses may be statistically different20 our study sug-
gested that they are not. However, in the midperiphery with 
pre resection tissue, the two modalities may provide dif-
ferent values. The most likely reason for this would be the 
measurement error involved in measuring the tissue via US 
by hand rather than an automated system. While a central 
measurement would be more likely to be repeatable, mid-
periphery measurements require a technician to estimate of 
the midperipheral distance, as it was not directly marked.

Our study was limited by the small sample size and that 
post resection OCT and US measurements were only ac-
quired on half of our tissues. The study was also limited by 

our inability to directly mark the center and midperiphery 
of the post resection corneas, resulting in a loss of orien-
tation. We were thus unable to do a direct comparison of 
each of the midperipheral measurements and instead used 
the average of four different locations.  Additionally, be-
cause of the curvature of the cornea, it can be challenging 
to set the US perpendicular to the tissue repeatably. While 
OCT allows for the user to measure a line perpendicular 
to the endothelium, this process is more challenging for 
peripheral measurements than central. However, this study 
was unique in that it compared both the pre resection and 
post resection measurements of the same tissues at the 
center and periphery with different imaging modalities. 

Further research is needed to determine the repeatability 
of both the ultrasound and OCT measurements, especially 
at the mid-periphery of the tissue. Regardless, as DSAEK 
currently aims to be as thin as possible in regard to lenti-
cule size, various modalities of measurement will become 
more important to surgeons and the eye bank. Surgeons 
often utilize OCT imaging in clinics may wish to utilize 
imaging of their eye bank prepared tissue in the future. 

Comparison of Ultrasound and Optical Coherence Tomography

Figure 5: Bland-Altman plots of ultrasound vs optical coherence tomography measurements.
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