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1 INTRODUCTION and BACKGROUND 

Corneal transplantation has evolved rapidly in recent years. Lamellar keratoplasty to replace diseased 

endothelium has led to faster recovery times, fewer complications, and better visual acuity outcomes.1 

Currently, Descemet’s Stripping Endothelial Keratoplasty (DSAEK) is the most common procedure 

because of its relative ease and good outcomes.2 Newer techniques such as Descemet’s Membrane 

Endothelial Keratoplast (DMEK), where Descemet’s membrane alone is transplanted, has the potential to 

further improve visual acuity outcomes, produce fewer higher-order corneal aberrations and decrease 

rejection rates.3-7 However, donor preparation, increased intra-operative times, and problems with donor 

attachment in DMEK are all important limitations.8-10    

There are three potential mechanisms by which DMEK may provide better visual acuity outcomes than 

DSAEK: graft thickness, interface haze and corneal higher-order aberrations. Graft thickness has been 

correlated with best spectacle corrected visual acuity (BSCVA) outcomes among thinner grafts. One 

retrospective case series found that 71% of thin endothelial grafts (defined as <131μm) had BSCVA of 

20/25 or better while only 50% of thick grafts (defined as ≥131) achieved this.11 In addition, higher-order 

aberrations, in particular of the posterior cornea, are increased after DSAEK. Theoretically, given the 

decreased tissue transplanted after DMEK this would be lessened, however, one retrospective series 

looking at higher order aberrations in DMEK compared with DSAEK found no difference in posterior 

aberrations of the central 4.0 mm zone between the two groups.10 Finally, interface haze may be increased 

in DSAEK and has been correlated with BSCVA.12 

Ultrathin DSAEK involves donor preparation with a double microkeratome pass to produce donor grafts 

less than 100 um thick. This procedure may have similar results to DMEK but without the technical 

difficulties. Several large prospective series show similar visual outcome results and rates of immunologic 

rejection between ultrathin DSAEK and DMEK, however comparisons are difficult.11,13-15 This 

randomized controlled trial could directly address these important issues. We also anticipate that 

secondary analyses of the trial data will allow us to address several more.  

Research Question: Are BSCVAoutcomes, endothelial cell counts, and post-operative corneal light 

scatter and higher-order aberrations different between patients undergoing ultrathin DSAEK versus 

DMEK? 

1.1 Specific Aims 

1) To determine whether there is a difference in best spectacle-corrected visual acuity 

(BSCVA) at 6 months between patients receiving ultrathin DSAEK and DMEK. We 

hypothesize that the DMEK group will have improved visual acuity compared with 

DSAEK at 3 months, but not at 6 months.  By randomizing 25 patients per arm, we 

anticipate 80% power to detect a one standard deviation, or approximately 1.2 Snellen 

lines difference in BSCVA between the DMEK and DSAEK groups.   

2) To evaluate endothelial cell loss at 6 months between patients receiving ultrathin 

DSAEK and DMEK. We hypothesize that there will be a difference in endothelial cell 

loss at 6 months between patients receiving ultrathin DSAEK and DMEK, accounting for 

pre-operative endothelial cell count.  
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3) To assess the relative role of light scatter, higher-order aberrations and graft 

thickness on visual acuity. We predict that there will be increased light scatter at the 

graft-host interface and but no difference in posterior corneal higher-order aberrations of 

the central 4mm in DSAEK versus DMEK.10   

 

While long-term outcomes such as graft rejection and survival are beyond the scope of the initial 

phase of this study, we anticipate we will be able to evaluate these as we follow patients at  12 

and 24 months.    
1.2 Study Outcomes 

Primary Outcome: 

• BSCVA at 6 months  
 

Secondary Outcomes: 

• Endothelial cell counts 

• Corneal higher-order aberrations as measured by Pentacam 

• Interface haze as measured by Pentacam densitometry 

• NEI-VFQ at 12 months 

• Primary graft failure, defined as a lack of graft clearing or need for re-graft within the 

first 2 months  

• Graft rejection, defined as loss of graft clarity due to edema with evidence of 

inflammation such as anterior chamber cell or keratic precipitates. 
 

Other Outcomes measured: 

• Refraction 

• Graft thickness as measured by OCT and pachymetry 

• Operative times 

• Adverse events/Complication rates 
 

1.3 Study Design 

Descemets Endothelial Thickness Comparison Trial (DETECT) is a randomized double-masked, two-arm 

clinical trial. The purpose of this study is to determine differences in visual outcomes between two types 

of corneal transplant surgeries. There will be 1:1 randomization to one of two treatment groups – 1) 

Ultrathin Descemet’s Stripping Endothelial Keratoplasty (DSAEK) OR 2) Descemet’s Membrane 

Endothelial Keratoplasty (DMEK). The enrollment period is 24 months.  

2 ORGANIZATION 

Oregon Health & Science University (OHSU) along with the University of California San Francisco 

(UCSF) will jointly execute this clinical trial. OHSU will mainly be responsible for recruitment and 

enrollment, intervention implementation, and follow-up visits. UCSF will take the lead on all data 

analysis, writing of study-related materials, and journal publications. 

2.1 Collaborating Institutions 
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Oregon Health & Science University 

As a teaching institution and part of OHSU, Casey Eye Institute has state-of-the-art facilities and access 

to specialists in all areas of eye care. All recruitment, treatment/intervention, and follow-up visits will be 

done at the Casey Eye Institute. All study personnel assisting with the research will be adequately 

informed about the protocol, the research procedures, and their duties and functions through ongoing 

communication between the 2 sites.  

 

Winston Chamberlain, MD, PhD is the PI for this study and works as a lead surgeon at Casey Eye 

Institute. Dr. Chamberlain received his BS in biology from California Institute of Technology. He holds a 

PhD in immunology and an MD from the University of Colorado Health Sciences Center. He is board 

certified in ophthalmology, and a member of the American Academy of Ophthalmology. His research 

interests include the outcomes of corneal transplant surgery with the femtosecond laser and DSAEK 

techniques, and inflammatory responses in the cornea. 

Brenda Purvis is the OHSU study coordinator. She works as the Cornea Division Manager at Casey Eye 

Institute. 

Francis I. Proctor Foundation 

The Proctor Foundation is an organized research unit at the University of California, San Francisco. The 

Foundation has a 56-year history of research in ocular infectious and inflammatory disease and runs one 

of the leading corneal fellowship training programs in the United States.  Proctor Foundation faculty have 

been involved in prevention of blindness research in developing countries since the Foundation’s 

inception. The impetus for establishing the Foundation in 1947 was to eradicate trachoma in the American 

Southwest and other parts of the world. 

UCSF will perform the data analysis. UCSF will not consent any participants, perform surgeries, or 

collect study data. UCSF will have the most current protocol, consent documents and HIPAA 

authorization for reference. UCSF has received IRB approval for this study (IRB number: 14-13728). All 

modifications to either IRB of record will be communicated between sites. UCSF will ensure protection 

of all study-related data by using de-identified information over a secure server. All non-compliance with 

the study protocol or applicable requirements will be reported in accordance with local policy. There will 

be ongoing communication of problems, interim results, and study closure between both sites. 

 

Jennifer Rose-Nussbaumer, MD is the co-PI at UCSF for this study. Dr. Rose-Nussbaumer is a Cornea 

fellowship trained Ophthalmologist at F. I. Proctor Foundation. In addition to her clinical work in cataract 

and corneal transplant surgery, she is an NIH funded clinical researcher. She is studying corneal ulcer 

treatment in India and Nepal and corneal transplant outcomes in Ethiopia. She is the principle investigator 

on the Corneal Preservation Time study at UCSF. Her previous vision research in Ophthalmology 

includes work with the World Health Organization on Trachoma, as well as investigating the ocular 

manifestations of HIV disease. Dr. Rose-Nussbaumber’s role in this study will be to perform data 

analysis, to collaborate with surgery site and eye bank, and to collaborate with OHSU PI regarding study 

design and protocols. 
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Puja Cuddapah, MPH is the UCSF study coordinator for this study. She has experience working on 

ophthalmology studies and currently serves as a program coordinator for trachoma studies at F. I. Proctor 

Foundation. 

 

3 PATIENT FLOW 

3.1 Study Timeline  

The enrollment period will be 24 months. Study participants will be required to have follow-up visits at 

months 3 (visit window: 3-5 months), 6 (visit window: 6-8 months), 12 (visit window: 10-14 months), 

and 24 (visit window: 20-28) from the time of surgery. Additional visits may be needed and will be 

determined by the surgeon/investigator. 

3.2 Eligibility Requirements 

3.2.1 Study Area. Recruitment of eligible participants will be done at the Casey Eye Institute. Eligible 

participants will be screened by the primary surgeon and research staff at OHSU. Potential participants 

will be approached during a standard of care clinical visit in the outpatient practice of the primary 

investigator at Casey Eye Institute, OHSU. These are patients that need to have corneal surgery whether 

or not they participate in this study. 

 

3.2.2 Eligibility criteria for study participants. Only those who meet all of the inclusion criteria and none 

of the exclusion criteria will be enrolled in this study.  

Inclusion Criteria:   

• Damaged or diseased endothelium from Fuchs or Pseudophakic Bullous Keratopathy 

• Good candidates for corneal transplantation for either DMEK or DSAEK 

• Willingness and ability to undergo a cornea transplantation 

• Willingness to participate in follow-up visits 

 

Exclusion Criteria:  

• Participants who are decisionally and/or cognitively impaired   

• Participants who are not suitable for the DMEK or DSAEK surgeries  

• Prior Endothelial Keratoplasty (EK) or any other ophthalmic surgery  except 

uncomplicated cataract surgery 

• Indication for surgery that is not suitable for EK (e.g. keratoconus, stromal dystrophies 

and scars)  

• Presence of a condition that increases the probability for failure (e.g., heavily 

vascularized cornea, uncontrolled uveitis) 

• Other primary endothelial dysfunction conditions including posterior polymorphous 

corneal dystrophy and congenital hereditary corneal dystrophy  

• Aphakia, or anterior chamber IOL in study eye prior to or anticipated during EK  

• Planned intraocular lens exchange of an anterior chamber IOL with a posterior chamber 

IOL in study at time of study EK 

• Pre-operative central sub-epithelial or stromal scarring that the investigator believes is 

visually significant and could impact post-operative stromal clarity assessment  
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• Peripheral anterior synechiae (iris to angle) in the angle greater than a total of three clock 

hours 

• Hypotony (Intraocular pressure <10mmHg) 

• Uncontrolled (defined as intraocular pressure >25mmHg) glaucoma  

• Visually significant optic nerve or macular pathology 

 

3.3 Randomization 

Each study eye will be randomly assigned to the 1) DSAEK or 2) DMEK treatment group. Block 

randomization will be performed using a computer program (statistical package R 

(version 2.12; R Foundation for Statistical Computing, Vienna, Austria) by the coordinating site.  

 

Once an eye is enrolled in the study, the study coordinator will assign the study participant an ID (alpha-

numeric code) and inform the eye bank (Note: The eye bank will assign tissue to the study participant 

prior to knowing which arm the study participant is assigned to.) The eye bank will then sign into the 

Dropbox account associated with this study, open the “New Patient” folder, and then open the file named 

with the particular study participant ID.  

Once the eye bank has opened the file, the study eye has been assigned a study participant ID and 

randomized to treatment group; therefore, they will be included in the intention to treat analysis. (Note: 

See eye bank protocol for full donor tissue procurement and assignment information). 

The treatment assignment will not contain identifiable patient information and will be shared using a 

password that is only known by the eye bank. The eye bank may only open the document for a given 

study participant and not for past or future study participants. The treatment assignment document should 

be moved from the “New Patients” folder to the “Old Patients” folder once opened.  

3.4 Study Visits 

4.4.1 Baseline Visit. During this visit, eligible patients at OHSU will be enrolled in the study and will give 

consent. The baseline patient form will be completed and the NEI-VFQ will also be administered. 

4.4.1 Surgery Visit. The enrolled study participant will undergo either DSAEK or DMEK surgery. 

4.4.2 Follow-Up Visits. During the Month 3 and 6 follow-up visits, endothelial imaging, Pentacam 

topography, Pentacam densitometry, and Optical coherence tomography will be performed. The follow-

up patient form will also be complete. During the Month 12 follow-up visit, the same measurements will 

be taken as the previous follow-up visits, with the addition of the NEI-VFQ.  

4.4.3 Final Visit. During the Month 24 final visit, the final status and follow-up patient forms will be 

completed. Endothelial imaging, Pentacam topography, Pentacam densitometry, and Optical coherence 

tomography will also be performed.  

3.5 Adverse Events (AEs) 
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During each study visit, the subject will be questioned about AEs in a non-leading manner. All AEs, 

whether observed by the Investigator, elicited by the Investigator, or spontaneously reported by the 

subject, will be documented in the subject's chart and the AE case report form (CRF). 

All AEs should be followed until they are resolved or until a stable clinical endpoint is reached. Each AE 

is to be classified by the Investigator as SERIOUS (SAE) or NONSERIOUS (NSAE). 

If a SAE occurs, the investigator at OHSU must verbally and/or in writing notify OHSU or its designee 

within 24 hours of the occurrence of the SAE.  

The initial SAE report must be followed by a written report, signed by the investigator, and received by 

OHSU or its designee via fax within two working days. The investigator must provide written follow-up 

reports until the SAE or clinically significant AE has resolved or until a stable clinical endpoint is 

reached. Notification of an SAE or clinically significant AE must also be submitted to the Institutional 

Review Board (IRB)/Ethics Committee (EC) in accordance with its requirements. All AEs must be 

reported from the time that the subject provides informed consent through the last study visit.  

4 PROCEDURES 

4.1 Masking 

All study participants will be masked to their intervention. The refractionist performing the BSCVA will 

also be masked. Due to the nature of the intervention, the surgeon and technician performing study visit 

endothelial cell counts and other imaging will not be masked; however, graders will be masked when 

possible. Eye bank and UCSF study personnel will not be given any identifying information. 

4.2 Treatment 

 

For each procedure, the tissue will be prepared by either Lions VisionGift or Sightlife. Each participant 

will undergo surgery only once and will take approximately 1-2 hours. This study requires 6 visits to the 

clinic over a period of 2 years, there may be additional post-operative visits (above what the study 

requires) following this surgical procedure. 

 

4.2.1 DSAEK. For DSAEK, Tissue grafts will be cut to the right thickness using a microkeratome 

prepared at the eye bank per standard eye bank protocol (about 60-90 microns thick).  A 4 mm corneal 

incision will be used, with Endoserter as the means of inserting the graft, an FDA approved device for this 

purpose.    

 

4.2.2 DMEK. For DMEK, Endothelial grafts will be pre-peeled at the eyebank (70%). In the operating 

room the remaining 30% will be peeled, and the endothelium will be stained with trypan blue. A 3.5 mm 

corneal incision will be used and the graft will be inserted with a modified jones tube injector. The tap 

technique will be used to position the graft. 

4.3 Examinations during Follow-up Visits 



DETECT Manual of Operations and Procedures 

9 
Revised 1/16/2015  

There will be 4 follow-up visits for this study – Month 3, 6, 12, and 12; all of these visits would be 

expected in normal post-operative care. During each follow-up appointment, tests will be done on the 

participant’s study eye; these include:BSCVA, intraocular pressure (IOP), corneal thickness using a 

Pachymeter, manifest refraction, slit lamp, endothelial imaging, Pentacam topography, Pentacam 

densiometry, and optical coherence tomography (OCT) testing. Dilated retinal exam will be performed at 

the discretion of the surgeon. 

Table 1. Study schedule. 

 

Visit 1 

Pre-op  

Visit 2 

Surgery 

Visit 3 

Month 3 

  

Visit 4 

Month 6 

Visit 5 

Month 12 

Visit 6 

Month 24 

Consent and 

Authorization form  X           

Baseline form plus 

screening tests and 

medical history 

X   

  

  
  

    

DMEK or DSAEK 

surgery 

  X   
  

    

Follow-up form plus 

OCT, endothelial 

imaging, Pentacam 

densiometry, 

Pentacam 

topography 

    X X X X 

NEI-VFQ X 

   
X 

 

Final form           X 

Total time 2 hours  2 hours 1 hour 1 hour  1 hour 1 hour 

 

5 STUDY MEDICATIONS 
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5.1 Prednisolone, Ofloxacin, and Tropicamide/Phenylephrine 

 

The following medications will be administered for treatment purposes: Prednisolone, Ofloxacin, and 

Tropicamide/Phenylephrine.  

5.1.1. Treatment schedule for study medications. The following drug schedule will be 

followed by all participants: Prednisolone and Ofloxacin four times a day post-operation . 

Standardized protocol will be to continue Ofloxacin for 1 week, then stop.  Prednisolone will be 

four times a day for 4 months, then decreased by 1 drop per month until at 1 drop per day.  

Participants will stay on 1 drop for at least one year.  Steroid treatment can be altered at the 

discretion of the clinician.  The aforementioned drugs will be used for FDA approved indications 

and will not require an IND. All medications will be protected and only appropriate personnel 

will administer the drugs.  

 

Table 2. Dosing schedule for Prednisolone and Ofloxacin. 

Medication Day 1-Day 8 Day 9-Month 3 Month 4 Month 5 Month 6- 12 

Prednisolone 4 times/day 4 times/day 3 
times/day 

2 
times/day 

1 time/day 

Ofloxacin 4 times/day     

 

5.2 Possible Side Effects of Study Medications 

Prednisolone: eye irritation, swelling, pain, or redness; pressure within the eye; cataract growth; eye 

infection 

Ofloxacin: eye irritation, swelling, pain, or redness 

Tropicamide/Phenylephrine: eye irritation, swelling, pain, or redness; Eye dilation may result in 

temporary blurred vision, light sensitivity, and increased heart rate. (These drops will be used at the 

screening exam and at postoperative visits when required, and would be used for pre- and postoperative 

eye monitoring whether participants are involved in the study or not.) 

 

6 PROTECTION OF HUMAN SUBJECTS 

6.1 Institutional Review Board Approval 

6.1.1 Oregon Health & Science University Institutional Review Board (OHSU IRB) 

The OHSU IRB will annually review study protocol for ethical approval. 

6.1.2 University of California, San Francisco Committee on Human Research (UCSF CHR) 

The UCSF CHR will annually review study protocol for ethical approval. 
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6.2 Informed Consent 

 

OHSU personnel will obtain full written consent from each patient at Casey Eye Institute. The primary 

surgeon will screen participants and determine their eligibility. He/she will clearly explain the process and 

risks involved and will also ask the patient to sign any necessary consent documents. The study 

participant will have 6 visits total including surgery, over a period of 2 years. The patient has the ability to 

withdraw at any time and will not be forced into anything with which he/she is not comfortable.  Consent 

documents have been uploaded to the IRB application. 

6.3 Risks to Study Participants 

 

Study participants will not have any increased risk or cost for participating in this study. Participants in 

the study have the same risks as those undergoing corneal transplantation in other settings. Many of the 

risks in this study are inherent risks of corneal transplantation; thus, there is no known increased risk 

associated with participation in this study.  

As with any surgery, there are risks associated with these surgeries, and both surgeries have similar risks. 

There is a risk of infection or bleeding which could result in vision loss. There may be damage to the 

tissue graft during tissue preparation, and the tissue graft can fail to attach to the cornea; thus, there may 

be a need for repeat air injection. Here are other risks associated with each type of surgery: 

• DSAEK: There may be slightly decreased vision after surgery compared to 

DMEK, although this is unknown. The healing process may also be slower. Some 

think there is an increased risk of rejection compared to DMEK, although this is 

also unknown.  

 

• DMEK: There may be increased risk of tissue loss, repeat air injection, 

detachment of the tissue graft to the cornea compared with DSAEK. There may 

be higher costs associated with this surgery, although these additional costs will 

be covered by insurance.  
 

Blindness due to infection may occur in extremely rare cases. There may also be differences in rates of 

difficulty with donor preparation, increased intra-operative times, graft rejection and graft survival, and 

donor attachment in DMEK versus DSAEK. Even if there is a total detachment during DMEK, we will 

continue to move forward with secondary treatment. These risks will be addressed by OHSU by making 

sure all protocols are being followed thoroughly and by following up with participants after surgery.  

There are no known risks directly related to the Endoserter and jones tube. There may be some discomfort 

during follow-up testing (BSCVA, IOP, slit lamp, Pachymeter, Pentacam, endothelial imaging and OCT 

testing and photo imaging inside the eye), but this will be kept to a minimum. The participant will be 

asked to tell the doctor if any of this testing feels painful. 

Anesthesiology will be determined as per the participants needs.   They will either be awake with 

medications given to help them relax and feel comfortable.  This is called monitored anesthesia care. 

Other participants may require general anesthesia care.  While this is generally safe, there are small 

increased risks to the heart and lungs which will be discussed with the anesthesiologist.   Both types of 

anesthesia are routinely used for DMEK and DSAEK surgeries, although generally monitored anesthesia 

care is the typical route. 
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6.4 Privacy, Confidentiality, and Data Security 

 

All data will be stored and transferred using a secure mail server with de-identified information. 

 

We will take steps to keep the participant’s personal information confidential. Health information will be 

kept secure and separate from information which identifies participants.  Upon enrollment, participants 

will be assigned a code that will be used instead of their name, medical record number or other personally 

identifying information. Electronic files for data analysis will contain only the participant code. The code 

will be stored at OHSU on a secure server and will only be accessed by study personnel  – the PI, study 

coordinator, or other member of the study team). Access to study-related patient information will be 

limited only to members of the study team. 

Only a small number of researchers related to this study will have direct access to the participant’s 

medical information. Paper files will be stored in locked filing cabinets in restricted access offices at 

OHSU. Access to data/specimens is restricted to study personnel. 

 

Information may be released to others outside of OHSU who are involved in coordinating or overseeing 

research, but information which identifies the participant will be kept secure. To ensure the success of this 

study, we have partnered with University of California, San Francisco (UCSF)’s F. I. Proctor Foundation, 

which is a center that specializes in ophthalmology research. The coordinating center at UCSF will have 

access to de-identified information using a code number. UCSF’s role is to support OHSU on the data 

analysis portion of this study and assisting with the development of consent and study-related materials. 

UCSF has received IRB approval take part in this study (IRB number: 14-13728) 

6.5 Exclusion of Vulnerable Populations 

 

The following populations will not be enrolled in this study: Children (18 years and under), Pregnant 

women, Decisionally impaired adults, and Prisoners. 

6.6 Compensation to Participants 

There is no additional cost or compensation for the study participant. There will be no compensation for 

research-related injury.  

 

7 DATA COLLECTION AND MANAGEMENT 

7.1 Data Collection and Entry 

All data will be collected using hardcopy patient forms (attached in Appendix) at OHSU during baseline 

and follow-up visits. Unidentified data will then be inputted into a database using double data entry at 

UCSF.  

7.1 Data Analysis 



DETECT Manual of Operations and Procedures 

13 
Revised 1/16/2015  

A one-sided 95% confidence interval will be constructed for the difference in graft failure rates between 

the two treatment groups. Linear regression will be used for continuous outcomes and logistic regression 

for binary outcomes. 

The primary outcome will be the BSCVA at 6 months, conditional on graft survival. 

• Change from eye bank determined screening endothelial cell density (ECD) will be 

summarized in a similar manner 

• Boxplots of ECD and change from eye bank determined screening ECD will be given for 

the 2 randomized groups. 

• A scatter plot will be constructed of eye bank determined screening ECD vs. 6-month 

ECD with a symbol used to denote the two randomized groups. 

Data will be stored at UCSF for about 10 years. OHSU and UCSF are both jointly responsible for 

the receipt and transmission of data. Data will be transported over a secure server.  

 

8 STATISTICAL ANALYSIS 

See the Statistical Analysis Plan (SAP) for details on the statistical analysis.  
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APPENDIX: STUDY FORMS AND PROTOCOLS 

DETECT  

Baseline Eligibility and Patient Form 

         

 

Inclusion Criteria: 

Damaged or diseased endothelium from Fuchs or Pseudophakic Bullous 

Keratopathy 

Good candidates for corneal transplantation for either DMEK or DSAEK 

Willingness and ability to undergo a cornea transplantation 

Willingness to participate in follow-up visits at 3 month, 6 months, 12 

months and 24 months 

NOT decisionally and/or cognitively impaired 
Exclusion Criteria: 

NO Prior Endothelial Keratoplasty (EK) or any other ophthalmic surgery  

NO Prior cataract surgery with complications 

NO Indication for surgery that is not suitable for EK (e.g. keratoconus, stromal 

dystrophies and scars) 

NO Presence of a condition that increases the probability for failure (e.g., heavily 

vascularized cornea, uncontrolled uveitis). 

NO Other primary endothelial dysfunction conditions including posterior 

polymorphous corneal dystrophy, epithelial ingrowth, congenital hereditary corneal 

dystrophy. 

NO Aphakia, or anterior chamber IOL in study eye prior to or anticipated during 

EK. 

NO Planned intraocular lens exchange of an anterior chamber IOL with a posterior 

chamber IOL in study eye at time of study EK. 

NO Pre-operative central sub-epithelial or stromal scarring that the investigator 

Patient ID  

(if enrolled) 

 Today’s Date   /    /   

   D D / M M M / Y Y 

INCLUSION/EXCLUSION FORM 
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believes is visually significant and could impact post-operative stromal clarity 

assessment. 

NO Peripheral anterior synechiae (iris to angle) in the angle greater than a total of 

three clock hours. 

NO Hypotony (Intraocular pressure <10mmHg). 

NO Uncontrolled (defined as intraocular pressure >25mmHg) or prior glaucoma 

surgery including filtering surgery or shunt placement.    

NO Visually significant optic nerve or macular pathology 
 Patient ENROLLED: Meets all inclusion criteria and none of the exclusion criteria  

 

 Patient NOT ENROLLED: Does not meet all inclusion criteria and/or meets one or more 

exclusion criteria  
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Patient ID   

DEMOGRAPHICS 
Date of birth 

    Sex  Male     Female                         Other  

Race  White, non-  

Hispanic   

 

 American 

Indian/Alaskan 

Native 

 Hispanic                       Black/ African                  Asian 

                                         American 

  

 Native Hawaiian/         Unknown/                         Other: _____________                                         

 Other Pacific Islander     Not reported                             

        

HISTORY OF PRESENT ILLNESS 

Affected Eye  OD (Right)          OS (Left)   

Family history of 

Fuchs? 

 Yes 
  

   No                        Unknown      

Describe relationship of family member: ______________________________ 

Any other corneal 

dystrophy in 

himself/herself?     

 Yes                       No                        Unknown                    
 

  Map-dot-

fingerprint  

 

 Unknown 

Keratoconus 

 

 

 Other: _________ 

Posterior 

polymorphous 

  

   

Any other corneal 

dystrophy in family 

member(s)? 

 Yes                       No                        Unknown       

 

  Map-dot-

fingerprint  

 

 Unknown 

Keratoconus 

 

 

 Other: _________ 

Posterior 

polymorphous 

  

Diagnosis  Fuchs                PBK               ABK                 Unknown                  Other:____________ 

Prior cataract surgery?  Yes                       No                        Unknown 

 Date: 

History of diabetes  Yes                      No                         Unknown  

Current smoker?  Yes                      No                         Unknown 

CURRENT/RECENT MEDICATIONS 
Currently taking 

glaucoma medications? 

 Yes 
  

 No                        Unknown 

 

 

 

 

 Topical alpha 

agonist 

 

Topical  

corticosteroid                     

 Topical beta 

blocker 

 

  Unknown 

 Topical  

prostaglandin  analog 

   

 Other:____________ 

 

Topical carbonic  

anhydrase inhibitor 

                      
 

 
Currently taking 

systemic medications? 

  Yes 
 

 No                        Unknown                  

 
 

 

 Systemic              Systemic carbonic   Systemic immunomodulator (cellcept,                                                                        

corticosteroid          anhydrase inhibitor      methotrexate, cyclosporine)          
 
 Unknown             Other:__________________ 

 

 
Related to eye disease?   Yes                No                            Unknown             
                                                        Dose and duration? 

_______________________ 
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VA, IOP, PACHYMETER EXAMINATION 
BSCVA ___________________                      MRx: _____________________________________________ 

CCT using pachymeter  ___________________  microns  

IOP ___________________  mm Hg 

SLIT LAMP EXAMINATION 
Fuchs Krachmer 

Grading in pre-operative 

study eye 

 Grade 0: No apparent disease  (up to 11 central guttata on each cornea) 

 Grade 1: Definitive onset of the disease (12 or more central, nonconfluent guttata in at least on eye) 

 Grade 2: A zone of confluent central guttata 1-2 mm in horizontal width 

 Grade 3: A zone of confluent central guttata 2-5 mm wide 

 Grade 4: A zone of confluent central guttata greater than 5 mm wide 

 Grade 5: A zone of confluent central guttata greater than 5 mm wide plus stromal and/or epithelial edema 

Evidence of a corneal 

dystrophy other than 

Fuchs? 

 Yes                    No                   Unknown      

  Map-dot-         Keratoconus              Posterior            

fingerprint                                                  polymorphous                                       

 

 Unknown          Other: __________     

Stromal corneal vessels 

present  

 Yes                    No                      Unknown      

Central subepithelial or 

stromal scarring present  

 Yes                    No                      Unknown      

Peripheral anterior 

synechiae present  

 Yes                    No                      Unknown      

Lens status 

 

 Phakic                Aphakic          PC IOL, capsule            PC IOL, sutured              PC IOL, sulcus  

                                                          supported                                                                      supported 

PRESCRIBED MEDICATIONS DURING VISIT 
Any prescribed 

medications for study 

eye? 

 

 Yes                    No                   Unknown      

  Topical alpha          Topical beta         Topical prostaglandin      Topical carbonic 

agonist                        blocker                     analog                                 anhydrase inhibitor 

 

Topical                     Unknown            Other:_____________ 
corticosteroid                                             

Any prescribed systemic 

medications for study 

eye? 

 

 

 

 

 

 Yes                    No                   Unknown      

  Systemic              Systemic carbonic   Systemic immunomodulator (cellcept,                                                                        

corticosteroid          anhydrase inhibitor      methotrexate, cyclosporine)          
 
 Unknown             Other:__________________ 

Dose and duration? ________________________ 

Surgical plan  Pseudophakic EK                          Triple EK                         Phakic EK  
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DETECT 

Follow-up Patient Form: Month 3, 6, 12, and 24 

Patient ID   Today’s Date   /    /   

Visit Month  3       6        12        24  D D / M M M / Y Y 

  

      

 

CURRENT/RECENT MEDICATIONS 
Currently taking 

glaucoma medications? 

 

 Yes 
 

 No                        Unknown          

 Systemic              Systemic carbonic   Systemic immunomodulator (cellcept,                                                                        

corticosteroid          anhydrase inhibitor      methotrexate, cyclosporine)          
 
 Unknown             Other:_________________ 

Currently taking 

systemic medications? 

 Yes 
 

 No                        Unknown                  

 
 

 

 Systemic              Systemic carbonic   Systemic immunomodulator (cellcept,                                                                        

corticosteroid          anhydrase inhibitor      methotrexate, cyclosporine)          
 
 Unknown             Other:__________________ 

 

 
Related to eye disease?   Yes                No                            Unknown             
                                                              Dose and duration? 

________________________ 
BSCVA, IOP, PACHYMETER, ECC, PENTACAM, OCT EXAMINATION 

BSCVA ___________________              MRx: _____________________________________________ 

Central corneal 

thickness using 

pachymeter  

___________________  microns  

IOP ___________________  mm Hg 

                                 

            
                              

New onset of glaucoma (IOP >22mm Hg)?  Yes               No                  

Unknown 

                                                                              Reason(s) why → _________________ 

 

Endothelial Cell Count  Completed imaging                      Did not complete imaging       
                                                                             Why not? ____________________ 

Pentacam topography  Completed imaging                      Did not complete imaging       
                                                                             Why not? ____________________ 

Pentacam densitometry 
 Completed imaging                      Did not complete imaging       
                                                                             Why not? ____________________ 

Optical Coherence 

Tomography 
 Completed imaging                      Did not complete imaging       
                                                                             Why not? ____________________ 

NEI-VFQ 25  Completed                                    Did not complete        
                                                                             Why not? ____________________ 
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SLIT LAMP EXAMINATION 
Central recipient stroma  Clear                  Not clear 

 

 

 

 

 

 

 

 

Stromal haze:                    Mild             Moderate         Severe 

Stromal edema:                 Mild             Moderate         Severe   

Epithelial edema:              Mild             Moderate         Severe   

Stromal scarring:              Mild             Moderate         Severe   

Subepithelial scarring:      Mild             Moderate         Severe   

Stromal vessels:                Mild             Moderate         Severe   

Interface haze:                  Mild             Moderate         Severe   

Donor stroma  Clear                  Not clear 

 

 

 

 

 

 

 

 

Stromal haze:                    Mild             Moderate         Severe 

Stromal edema:                 Mild             Moderate         Severe   

Epithelial edema:              Mild             Moderate         Severe   

Stromal scarring:              Mild             Moderate         Severe   

Subepithelial scarring:      Mild             Moderate         Severe   

Stromal vessels:                Mild             Moderate         Severe   

Interface haze:                  Mild             Moderate         Severe  

Graft detachment  0%                     <10%                  11-20%                  21-30%                 >30%    

(100% attached)                         

 

 

Require surgical intervention?     Yes                No             Unknown      

                                                           Which procedure? ________________ 

Other abnormalities 

(Note: This may require 

adverse event reporting) 

 Bacterial, fungal, or              Superficial punctate                 Herpes simplex                   Wound leak 

parasitic corneal infection        keratitis                                        keratitis   

 

 Iris synechiae to wound        Iris synechiae to graft 

 

 Endophthalmitis                    Suprachoridal hemorrhage      Retinal detachment             Blunt trauma 

 

 Penetrating trauma                    Other: ________________ 

Graft rejection?  Yes                    No                   Unknown      

 

 Graft failure?  Yes                    No                   Unknown 

                               Scheduled date of repeat graft; Date: ______________ 

                               Not yet scheduled repeat graft 

                               Other test performed: _______________                  

PRESCRIBED MEDICATIONS DURING VISIT 
Any prescribed 

medications for study 

eye? 

 

 Yes                    No                   Unknown      

  Topical alpha          Topical beta         Topical prostaglandin      Topical carbonic 

agonist                        blocker                     analog                                 anhydrase inhibitor 

 

Topical                     Unknown            Other:_____________ 
corticosteroid                                             

Any prescribed systemic 

medications for study 

eye? 

 Yes                    No                   Unknown      

  Systemic              Systemic carbonic   Systemic immunomodulator (cellcept,                                                                        

corticosteroid          anhydrase inhibitor      methotrexate, cyclosporine)          
 

 Unknown             Other:__________________ 

Dose and duration? ________________________ 
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DETECT  

Final Status Patient Form 

 

Patient ID   Today’s Date   /    /   

   D D / M M M / Y Y 

 

 

 

 

 

 

 

 

 

 

 

 

________________________________________________________________ 

Study Participant Signature and Date 

 

 

________________________________________________________________ 

PI Signature and Date 

Study eye currently 

being withdrawn  

 OD (Right) 
 

           OS (Left)                        

Reason for completing 

this form 

 Subject successfully           Subject withdrew           Graft Failure                Lost to follow up     

completed study                     from study                                                                           
 

 Site withdrew                     Death                              Other: ________________________             
from study  
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DETECT  

Eye Bank Protocol – Donor Eligibility and Assignment 

Donor Eligibility 

The eye bank will follow their own protocol for tissue procurement/assignment and suitability for EK. 

Tissue must meet standards set by the Medical Standards and Procedure Manual of the EBAA.  

All donor tissue to be assigned to study eye(s) must fulfill the following criteria: 

• Donor at time of death was between 50 and 75 years of age 

• Death to preservation time must be < 18 hours  

• Death to surgery time must be ≤ 7 days  

• Eye bank determined minimum ECD of ≥ 2500 cells/mm2  

• Eye bank will target ≤ 80 microns for ultrathin tissue, but up to 90 microns will be 

considered acceptable (based on measurement 2 hours post-cut) 

• No known PRK 

• Polymorphism/Polymegethism: None to no more than mild changes (slight)  

• No true guttata present  

• No evidence of central endothelial cell damage/trauma or dystrophy, such as FECD.  

Donor Assignment to Study Eye(s) 

Donor tissue and backup tissue will be assigned to each study eye prior to randomization to treatment 

group. OCT will be done immediately after the cut and 2 hours post-cut on assigned tissue.  

Randomization of Study Eye 

Each study eye will be randomly assigned to the 1) DSAEK or 2) DMEK treatment group. 

Randomization will be performed using a computer program by the coordinating site using block-

randomization. 

Once an eye is enrolled, the study coordinator will assign a study participant ID (alpha-numeric code). 

The eye bank will assign tissue to the study participant prior to knowing which arm the study participant 

is assigned to. They will then go to the Dropbox account and open the file named with that particular 

study participant IDwithin the “New Patient” folder. Once the eye bank has opened the file, the eye has 

been assigned a study participant ID and randomized to treatment group; therefore, they will be included 

in the intention to treat analysis. 

The treatment assignment will not contain identifiable patient information and will be shared using a 

password. The eye bank may only open the document for a given study participant and not for past or 

future study participants. Once opened, the study participant ID file should then be moved to the “Study 

Participant ID Files” sib-folder within the “Old Patients” folder. The donor tissue information form 

should also be scanned by the eye bank and saved to the “Donor Tissue Information Forms” sub-folder 

within the “Old Patients” folder.  
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DETECT  

Pentacam Protocol 

 

In order to obtain the highest quality Pentacam HR Scheimpflug camera examination the 

technician will scan the appropriate eye according to the Pentacam HR instruction manual. The 

examination scan selected for cornea densitometry measurement, per Pentacam HR manual, will 

consist of a measurement protocol of 25 images under the examination mode of 3D scan with the 

Enhanced Dynamic mode manually selected. The examination will be performed in a designated 

diagnostic room with a uniform ambient light level of 1.0 foot-candles or 10 lux, as measured by 

a luxmeter (Mastech LX1330B). 

If Quality Specifications (“QS”) field reads “OK,” then the measurement is correct and 

reproducible. If the “QS” field is RED, the examination must be repeated. If the “QS” field is 

highlighted YELLOW, the examination will be repeated until an “OK,” reading is obtained. If an 

“OK” reading is not obtainable, then the best of 3 examinations will be saved.  
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Descemets Endothelial Thickness Comparison Trial  

Statistical Analysis Plan 

 

 

Casey Eye Institute, Oregon Health & Science University 

Francis I. Proctor Foundation, University of California San Francisco 
 

 

 

Investigators: 

Winston Chamberlain, MD, PhD*1 

Jennifer Rose-Nussbaumer, MD*2 

Brenda Purvis1 

Puja Cuddapah, MPH2 

 

 

 

 

*Principal Investigator 

1Casey Eye Institute, Oregon Health & Science University, Portland, Oregon 
2 Francis I. Proctor Foundation, University of California San Francisco, San Francisco, California 
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Descemets Endothelial Thickness Comparison Trial (DETECT) is a randomized double-masked, 

two-arm clinical trial. The purpose of this study is to determine differences in visual outcomes 

between two types of corneal transplant surgeries. Study participants will be randomized to one 

of two treatment groups – 1) Ultrathin Descemet’s Stripping Endothelial Keratoplasty (DSAEK) 

OR 2) Descemet’s Membrane Endothelial Keratoplasty (DMEK).  

We anticipate that 25 patients per arm would provide 80% power to detect a 0.1 logMAR 

difference (approximately 1 Snellen line), assuming two-tailed alpha, and a standard deviation of 

best spectacle-corrected visual acuity (BSCVA) at 6 months of 0.12 logMAR (approximately 1.2 

lines Snellen) at 6 months. Participants will be randomized using random block sizes in statistical 

package R 

(version 2.12; R Foundation for Statistical Computing, Vienna, Austria) (KJR).  

Baseline characteristics between the 2 arms will be compared using Fisher exact test for 

categorical variables and Wilcoxon rank sum test for continuous variables.  

For the primary study analysis, we will compare BSCVA between the two groups, measured 

according to the MOP at 6 the month time period (between 5-7 months) using the Wilcoxon rank 

sum with a 2-sided alpha of 0.05.  

Secondary analyses:  

• Our pre-specified non-inferiority threshold is set at 0.1 logMAR difference in visual 

acuity. 

• We will analyze endothelial cell counts at 6 months controlling for baseline endothelial 

cell count measured at the eye bank using ANCOVA.  

• NEI-VFQ at 12 months will be compared between the two groups with ANCOVA, 

controlling for baseline values. 

• Interface haze at 6, 12, and 24 months as measured by Pentacam densitometry will be 

analyzed using a Wilcoxon rank sum test. 

• Corneal higher-order aberrations as measured by Pentacam at 6, 12 , and 24 months will 

be analyzed using a Wilcoxon rank sum. 

 

Other data to be collected include: manifest refraction, graft thickness as measured by OCT and 

pachymetry, operative times, and adverse events or complications. For the purposes of this study, 

primary graft failure will be defined as a lack of graft clearing or need for re-graft within the first 

2 months, and will be compared between the two groups using the Fisher’s exact test. A graft 

rejection episode will be defined as loss of graft clarity due to edema with evidence of 

inflammation such as anterior chamber cell or keratic precipitates, and will be compared between 

the two groups using the Fisher’s exact test.  

For study participants who experience primary graft failure and undergo re-graft, graft failure 

will be noted but the primary intention to treat analysis will still be performed using the BSCVA 

at 6 months regardless of subsequent corneal transplant procedures. An enhanced analysis using 
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standard longitudinal modeling methods will be used to handle data from study participants who 

are lost to follow up. No interim efficacy or futility analysis will be conducted.  
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Descemets Endothelial Thickness Comparison Trial  

Manual of Operations and Procedures 

Summary of Amendments 

May 2015: 

➢ An additional National Eye Institute Visual Function Questionnaire (NEI-VFQ) 

assessment was added for patients at the 3-month follow-up visit.  

➢ Slit lamp photography was added to the protocol for patients at the 6-month follow-up 

visit.  

➢ The adverse event protocol was amended to include slit lamp photography upon an 

adverse event.  

➢ The study schedule was amended to also include tests performed (no changes to 

protocol).  

➢ Data analysis plan was removed from the Manual of Operations and Procedures and 

moved to the Statistical Analysis Plan.  

September 2016: 

➢ Byers Eye Institute at Stanford University was added as a second enrollment site on 

September 20, 2016 with Charles Lin, MD as the principal investigator. This change was 

made to help us reach our enrollment target faster.  

October 2017: 

➢ List of investigators was updated to accurately reflect individuals with significant 

contributions to the trial at the time of the primary analysis. 
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Descemets Endothelial Thickness Comparison Trial  

Statistical Analysis Plan 

Summary of Amendments 

March 2015: 

➢ Analysis of endothelial cell count was amended to be performed with a mixed effect 

multiple linear regression model.  

➢ Analysis of the National Eye Institute Visual Function Questionnaire (NEI-VFQ) was 

amended to be performed with a multiple linear regression model.  

➢ New analysis added: Kolmogorov-Smirnoff test to compare the 6-month (BSCVA) 

distribution between DMEK and DSAEK arms 

October 2016: 

➢ New sensitivity analysis for primary added: A linear mixed model will be used in which 

both three and six-month data are modeled, with a random intercept for eye, and with 

time, baseline BCVA, and treatment assignment as fixed effects 

January 2017: 

➢ January 2017: The primary analysis was amended for those missing 6 month data to have 

their 3 month data included in the analysis as a last observation carried forward.  

October 2017: 

➢ New analyses added: 

o 3 month BCVA analyzed using the same methodology as the primary outcome 

o Cost-effectiveness analysis  

➢ List of investigators was updated to accurately reflect individuals with significant 

contributions to the trial at the time of the primary analysis. 

➢ The primary analysis was changed from a Wilcoxon rank-sum test to an ANCOVA with 

covariates for baseline BCVA and treatment group. The statistical plan for the primary 

analysis was finalized by Dr. Travis Porco on October 19th 2017.  Dr. Travis Porco 

performed the statistical analysis for the paper on October 20th 2017.  

 
 

 


