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Abstract

Purpose: To compare the degree of corneal light scatter as measured by densitometry in ultrathin 

Descemet Stripping Automated Endothelial Keratoplasty (UT-DSAEK) and Descemet Membrane 

Endothelial Keratoplasty (DMEK) in the Descemet endothelial thickness comparison trial.

Methods: This was a prespecified secondary analysis of the Descemet endothelial thickness 

comparison trial, which was a prospective, randomized controlled trial. Subjects with isolated 

endothelial dysfunction were enrolled and were randomized to either UT-DSAEK or DMEK. 

Corneal opacity was quantitatively measured by Pentacam densitometry (OCULUS) at 3, 6, and 

12 months.

Results: Fifty eyes of 38 patients were enrolled at the Casey Eye Institute at Oregon Health & 

Science University and the Byers Eye Institute at Stanford University. Corneal densitometry for 

the anterior and posterior layers improved in both UT-DSAEK and DMEK after surgery. The 

decrease was more pronounced in the posterior layer for both groups. However, there was no 

difference in the degree of corneal light scatter between UT-DSAEK and DMEK at postoperative 

month 12, and no difference in change in densitometry was observed between the 2 arms from 

baseline to month 12.

Conclusions: Both UT-DSAEK and DMEK experience an improvement in the degree of corneal 

light scatter after surgery. However, there was no difference in densitometry between the 2 groups 

at month 12. Therefore, other factors such as higher order aberrations in the posterior cornea rather 
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than stromal–stromal interface haze mediate the superior visual outcomes in DMEK compared 

with UT-DSAEK.
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The etiology behind the superior visual acuity outcomes of Descemet Membrane Endothelial 

Keratoplasty (DMEK) over Descemet Stripping Automated Endothelial Keratoplasty 

(DSAEK) remains unclear.1 A difference in the degree of corneal haze, or corneal light 

scatter, has been proposed as a potential explanation. DMEK lacks the stromal–stromal 

interface that is present in DSAEK and therefore may produce a more consistent, clear 

interface with less light scatter. In addition, the overall thinner cornea in DMEK may give 

rise to less light scatter and, therefore, improved visual quality. One other potential 

explanation is that DSAEK has greater posterior corneal higher order aberrations (HOAs) 

compared with DMEK.2–4

With the development of an objective method to measure corneal light scatter with 

noninvasive Scheimpflug imaging, corneal densitometry has become a useful tool to provide 

information on corneal transparency. Previous studies have demonstrated significantly 

improved corneal light scatter as measured by densitometry after endothelial keratoplasty for 

Fuchs endothelial dystrophy.5,6 Corneal densitometry has also been followed up in patients 

undergoing corneal cross-linking, refractive surgery, and keratoplasty.7–16 A comparison 

between the relative corneal light scatter in DMEK versus DSAEK may help elucidate the 

cause of enhanced visual acuity outcomes of DMEK.

Here, we compare the degree of corneal light scatter as measured by densitometry in patients 

undergoing ultra-thin DSAEK (UT-DSAEK) and DMEK as part of a randomized controlled 

clinical trial.

MATERIALS AND METHODS

The Descemet Endothelial Thickness Comparison Trial was a two-center patient and 

outcome-masked randomized clinical trial comparing the outcomes of UT-DSAEK and 

DMEK in patients with isolated endothelial dysfunction. Patients were enrolled at the Casey 

Eye Institute at Oregon Health & Sciences University and the Byers Eye Institute at Stanford 

University. Full inclusion and exclusion criteria, along with study methodology, are 

described elsewhere.1 In brief, study participants were masked to their intervention, and all 

subjects received the same postoperative follow-up care and monitoring. The provider 

performing refractions was masked to the intervention as well. If both eyes of the same 

patient were included in the study, each eye was randomized separately. All tissue was 

obtained from the same eye bank, the Lions VisionGift of Portland, Oregon. Surgical 

techniques were standardized such that all patients underwent simultaneous cataract surgery 

with endothelial transplant if they were not already pseudophakic. An 8.0 mm graft was used 

for all cases, and the UT-DSAEK grafts were precut by the eye bank to be between 60 and 

90 μm using a microkeratome.

Hirabayashi et al. Page 2

Cornea. Author manuscript; available in PMC 2021 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This prespecified secondary analysis primarily looked at corneal opacity at 12 months in 

UT-DSAEK and DMEK. Corneal opacity was quantitatively measured by Pentacam 

densitometry (OCULUS, Wetzlar, Germany). The densitometry values are expressed in 

grayscale units (GSU) and range from 0 (completely clear) to 100 (completely opaque). The 

densitometry data are broken down into the anterior 120 μm, central layer, and posterior 60 

μm, as well as concentric rings composed of the central 0 to 2 mm, 2 to 6 mm, 6 to 10 mm, 

and 10 to 12 mm. In this study, only the central 6.0-mm zone was analyzed because it is 

most relevant for visual acuity and is similar to the optical zones assessed in HOA analyses.4

To calculate the corneal densitometry for the central 6-mm zone, the 0- to 2-mm zone, and 

2- to 6-mm zone were combined using the following formula;

DC = D1 + D2,

where D1 is the densitometry of the 0 to 2 mm, D2 is the densitometry of the 2 to 6 mm, and 

Dc is the densitometry of the 0- to 6-mm cornea. For the purpose of calculating the 

densitometry of the various optical zones, a volumetric formula for a cylinder was used, 

which is approximately the shape of a cornea when flattened.

Volumeof cylinderπr2ℎ

Volumeof thecentral0 − 2mm zone = V1 = 12h

Volumeof the2 − 6mm zone = V2 = 101h

Volumeof the total0 − 6mm zone = V3 = 113h,

where h is the height of cylinderThe densitometry values of the respective optical zones are 

weighted according to the following proportions:

V1weight = V1/V3 = 0.11,

V2weight = V2/V3 = 0.89.

These weights are applied to the original densitometry formula. This ratio is the same 

whether it is the anterior, central, or posterior cornea.

Dc = D1(0.11) + D2(0.89)
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Statistical Analysis

The primary analysis compared corneal opacity, as measured by densitometry, in the 

anterior, central, and posterior cornea for each arm separately between baseline and 12-

month visit using one-sided paired t tests with a significance level of 0.01 to adjust for 

testing 6 hypotheses. Secondary analyses compared this change in densitometry between the 

2 arms using one-sided Welch t tests and also tested in the same way whether the 12-month 

densitometry was different between the 2 arms. As the distributions of densitometry do seem 

to be normal, we repeated the tests for differences at month 12 using the Mann–Whitney U 
test, but these analyses did not significantly change the results.

Approval from the Institutional Review Boards at the University of California, San 

Francisco, Oregon Health & Sciences University, and Stanford University were obtained for 

this study and written informed consent was obtained from all participants. This study was 

registered with ClinicalTrials.gov (NCT02373137) and adhered to the tenets of the 

Declaration of Helsinki.

RESULTS

Fifty eyes of 38 patients were enrolled in this study between January 20, 2015 and April 26, 

2017. The preoperative diagnosis was Fuchs endothelial dystrophy in 48 patients (96%) and 

pseudophakic bullous keratopathy in 2 patients (4%). The mean graft thickness 

preoperatively for the UT-DSAEK group was 73 μm. Complete densitometry data were 

available for at least 90% of all the subjects at each time point (Table 1), and only one 

patient was missing values at month 12. Densitometry for both UT-DSAEK and DMEK 

groups decreased after surgery in the anterior and posterior layers (Fig. 1 and Table 2). The 

central densitometry might also decrease but not at significance level 0.01, which was 

chosen to compensate for testing 6 hypotheses.

Secondary analysis found no statistically significant difference in the improvement in 

densitometry between arms (Fig. 2 and Table 3).

DISCUSSION

Corneal haze as measured by densitometry did improve in both arms after surgery, which is 

consistent with previous studies.6 However, there was no significant difference in the 

improvement in corneal densitometry between UT-DSAEK and DMEK groups. The same 

subset of eyes had significantly greater improvement in visual acuity in the DMEK arm than 

the UT-DSAEK arm (P = 0.0025), so the study should be adequately powered to detect a 

difference in densitometry between arms if it explained the difference in acuity outcomes. In 

fact, for the observed standard deviation in the posterior layer of 1.5, we would have 80% 

power to detect a difference of 1.5 in improvement; instead, the average improvement in the 

DMEK arm is actually less than that in the UT-DSAEK arm. Similarly, there was no 

statistically significant difference between arms in the 12-month densitometry 

measurements, but there was a difference between arms in 12-month visual acuity (P = 

0.0034) (Table 4). Thus, corneal haze may not be the etiology of the visual acuity difference.

Hirabayashi et al. Page 4

Cornea. Author manuscript; available in PMC 2021 June 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://Clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02373137


Previous studies have reported greater light scatter in edematous corneas than normal 

corneas. For example, total corneal densitometry in normal corneas range from 15.2 to 17.4 

GSU for the central 0- to 2-mm zone and 14.95 to 17.6 GSU for the 2- to 6-mm zone, 

whereas in patients with Fuchs endothelial dystrophy or bullous keratopathy, it ranges from 

28.0 to 34.4 for the central 0- to 2-mm zone and 24.4 to 30.2 for the 2- to 6-mm zone.17–20 

Our study’s baseline total densitometry values range from 16.1 to 42.3 with median 21.2, so 

our values might be slightly lower overall than those previously reported. One potential 

explanation for this may be a difference in disease severity, as indicated by preoperative 

central corneal thickness (CCT). The baseline mean CCT in this study was 610 μm in the 

UT-DSAEK arm and 608 μm in the DMEK arm. By contrast, Droutsas et al20 reported a 

baseline mean CCT of 702 μm in their DMEK arm and 634 μm in their DSAEK group.

The anterior aspect of the cornea is responsible for most of the light scattering in both 

healthy corneas and those with Fuchs endothelial dystrophy.5,19,21 Our study found that 

corneal light scatter was most pronounced in the anterior 120 μm both before and after 

endothelial keratoplasty. Similarly, Schaub et al5 found that in patients with Fuchs 

endothelial dystrophy undergoing DMEK, the largest improvement in densitometry occurred 

in the anterior and total layers, with most of the improvement occurring in the first 6 months 

after surgery but also continuing through the second year. This may be explained by 

microcystic edema and subepithelial haze, which tend to resolve or improve after surgery.

A compelling argument in favor of DMEK is the pure anatomic replacement of Descemet 

membrane against the host corneal stroma, thereby avoiding the stromal–stromal interface in 

DSAEK where haze or contour irregularity can compromise best spectacle-corrected visual 

acuity (BSCVA). Previous studies comparing the 2 surgeries have used thicker DSAEK 

grafts and primarily analyzed total corneal densitometry inclusive of all layers. Alnawaiseh 

et al6 used DSAEK grafts less than 120 μm thick and found that at 6 and 12 months, the total 

densitometry improved in the 0- to 2-mm zone for DSAEK and in the 0- to 2-mm and 2- to 

6-mm zones for DMEK. Droutsas et al20 used conventionally thick DSAEK grafts with an 

average thickness of 140 μm and found that for the 0- to 2-mm and 2- to 6-mm zones, at 3 

and 6 months, the DSAEK group had higher total densitometry than the DMEK group, but 

there were no differences at 12 and 24 months. The longer time required for thicker DSAEK 

grafts to deturgesce may underlie its delayed improvement in densitometry compared with 

the DMEK arm. This is in contrast to the findings in our study, which did not find a 

significant difference in densitometry between UT-DSAEK and DMEK at any of the 

postoperative time points.

Densitometry of the posterior layer of the cornea is interesting to analyze because it may 

capture the donor–recipient interface in UT-DSAEK and DMEK grafts. The UT-DSAEK 

grafts used in our study were less than 100 μm with an average thickness of 73 μm. 

Considering that donor DSAEK grafts deturgesce with time, it is possible that the 

densitometry of the posterior layer (60 μm) captured the stromal–stromal interface and thus 

provides insight into the potential difference in graft–host interface clarity between DMEK 

and UT-DSAEK surgeries. Our study did not find a significant difference in the 

densitometry for any layer at month 12 for UT-DSAEK versus DMEK, which suggests that 

interface haze does not explain the poorer BSCVA observed in patients who underwent UT-
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DSAEK. However, the improvement in posterior densitometry after surgery in both groups 

may be explained by the removal of guttae, especially given the fact that all but one of the 

patients in each group had a preoperative diagnosis of Fuchs endothelial dystrophy.22 

Although there can be changes in forward and back scatter after DSAEK, our study’s 

Pentacam measurements specifically measure backscatter.

Because the degree of corneal light scatter did not differ significantly between UT-DSAEK 

and DMEK groups, there may be other factors at play to explain the superior visual acuity 

outcomes of DMEK over UT-DSAEK. Perhaps, the additional stroma and increased CCT 

influence the BSCVA in a way not captured by densitometry. In a separate secondary 

analysis of the Descemet endothelial thickness comparison trial, our group found that at 3, 6, 

and 12 months, the DMEK group had significantly less HOAs of the posterior corneal 

surface compared with UT-DSAEK and that these correlate with BSCVA.4 Rudolph et al3 

similarly found that DMEK had significantly lower mean HOA than DSAEK for the central 

4- and 6-mm zones of the posterior corneal surface. Dirisamer et al23 also found that coma 

and trefoil at the posterior surface were lower in DMEK than in DSAEK.

It is found that 12 months were not long enough to detect significant differences in 

densitometry between the 2 groups. Schaub et al5 found that densitometry measurements 

continued to improve into the second postoperative year after DMEK despite the visual 

acuity plateauing after 1 year. Our study was also not powered to assess the difference in 

densitometry between the 2 arms. Rather, it was powered to detect a difference in visual 

acuity of 0.12 logarithm of the minimum angle of resolution (LogMAR).1 An additional 

limitation relates to the approximations we used to calculate corneal densitometry because 

the thickness of the graft and recipient cornea can vary from the center to the periphery, 

which was not taken into account in our formula.

In conclusion, there was no statistically significant difference in densitometry between UT-

DSAEK and DMEK arms to explain the superior visual outcomes with DMEK. Therefore, it 

seems that other factors such as HOAs in the posterior cornea mediate the superior visual 

outcomes in DMEK compared with UT-DSAEK.
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FIGURE 1. 
Corneal densitometry of the 0- to 6-mm cylinder preoperatively and at postoperative months 

3, 6, and 12 for UT-DSAEK and DMEK.
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FIGURE 2. 
Change in anterior and posterior corneal densitometry from 0 to 6 mm in UT-DSAEK and 

DMEK from baseline to 12 months.
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TABLE 1.

Baseline Characteristics and Densitometry Data

UT-DSAEK DMEK P

Age (Years), mean (range) 68 (51–95) 68 (61–81) 0.96

Female sex, N (%) 16 (64%) 13 (52%) 0.39

Diagnosis, N (%)

 Fuchs 24 (96%) 24 (96%) 1.00

 Pseudophakic bullous keratopathy 1 (4%) 1 (4%)

ETDRS BSCVA, mean ± SD

 LogMAR 0.27 ± 0.21 0.34 ± 0.29 0.34

 Approximate Snellen 20/40 20/40

CCT (μM), mean ± SD 610 ± 44 608 ± 52 0.93

Completeness of densitometry data

 Baseline, N (%) 23 (92%) 22 (88%)

 3 months, N (%) 23 (92%) 24 (96%)

 6 months, N (%) 24 (96%) 21 (84%)

 12 months, N (%) 25 (100%) 24 (96%)

ETDRS, early treatment diabetic retinopathy study.
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