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Purpose: To evaluate visual acuity (VA), refractive outcome, endothelial cell loss rate and complications of Descemet’s stripping and automated endothelial keratoplasty (DSAEK) combined with phacoemulsification and intraocular lens (IOL) implantation in patients with coexisting corneal endothelial dysfunction and cataracts.

Methods: Seventeen patients underwent phacoemulsification and posterior chamber IOL implantation through temporal corneal incision, followed by DSAEK. The selection of IOL power was predicted by preoperative lens power calculations of fellow eye plus 0.5 to 1.0 diopters (D).

Results: There were 5 laser iridotomy induced corneal dysfunction, 4 Fuch’s dystrophy, 3 cytomegalovirus (CMV) endotheliitis, 3 iridocorneal endothelial (ICE) syndrome, 1 herpes simplex virus (HSV) endotheliitis and 1 of unknown cause. The BSCVAs were all under 0.2 preoperatively, and the average BSCVA was 0.3 postoperatively. The postoperative SE refractive error was -0.11 D averagely. The endothelial cell loss rate was -36.86% at 6 months and -38.60% at 12 months. There was one case of graft rejection at 6 months, and one case of primary graft failure. Complications such as donor detachment, pupillary block, donor graft folds, epithelial ingrowth or interface scar did not occur.

Conclusions: This case series of DSAEK combined with phacoemulsification and IOL implantation suggests that the procedure provides rapid visual rehabilitation and allows selection of an appropriate IOL. 
















Introduction

    Descemet’s stripping and automated endothelial keratoplasty (DSAEK) is a form of lamellar keratoplasty with selective replacement of endothelium. Patients with corneal endothelial dysfunction such as Fuch’s dystrophy may also have coexisting cataracts that impair the visual acuity (VA). Cataract surgery can be performed sequentially or concurrently. The simultaneous DSAEK, cataract extraction and intraocular lens (IOL) insertion has been named the triple procedure 1. The purpose of this article is to determine the postoperative VA, refractive status, endothelial cell loss rate and complications of patient s undergoing triple DSAEK, and to evaluate whether the prognosis will be influenced by different etiologies.









Patients and methods
    This case series included 17 patients with corneal endothelial disorders from laser iridotomy (LI) induced corneal dysfunction (5 patients), Fuch’s dystrophy (4 patients), Cytomegalovirus (CMV) endotheliitis (3 patients), iridocorneal endothelial (ICE) syndrome (3 patients), herpes simplex virus (HSV) endotheliitis (1 patient) and unknown causes (1 patient) with coexisting cataracts from the China Medical University Hospital from 2009 through 2011 (Fig. 1). Preoperatively, all patients underwent a complete ophthalmologic examination including best spectacle-corrected VA (BSCVA), slit-lamp examination, intraocular pressure, spherical equivalent (SE) refractive error and central corneal thickness. The endothelial cell count of the donor was recorded. Postoperatively, all patients underwent similar measurements at 3, 6, 9 and 12 months. The operations were performed by one surgeon (Y.Y. Tsai) and informed consent was obtained from all participants prior to surgery. 

IOL selection

    Early experience of DSAEK demonstrated a trend toward a hyperopic shift in refraction of approximately 1 diopter (D) postoperatively 2. To render all eyes as close to emmetropia as possible, IOL selection was targeted to myopia about -0.5 to -1.0D. If normal keratometry reading could obtain from the fellow eye, IOL power was based on the measurement of fellow eye calculated by IOL master plus +1.5 D. K=44.0 was substituted into IOL master to gain the IOL power in bilateral diseased eyes.

Surgical procedure

    The cataract surgery was performed through the 5-mm scleral tunnel wound at the temporal side, but through an initial 2.2-mm entry into the anterior chamber. Then, the surgery was performed with the usual phaco-chop technique. After finish of IOL implantation, 2 small limbal incisions were made at the 6 o’clock and on the nasal side for placing an anterior chamber maintainer and the intraocular forceps, respectively. After creating 4 venting incisions and performing inferior peripheral iridectomy (PI), the donor graft was pulled into the anterior chamber. Then the AC was filled with air to tamponade the donor endothelium. Interface fluid was removed by stroking the corneal epithelium with a needle holder. After 10 minutes, approximately 50% of the AC air bubble was removed and replaced with BSS. The patients were all in supine position for at least 1 hour immediately after operation. All patients received Pred-forte (Alcon, Texas, U.S.A.) and Cravit (Santen, Ishikawa, Janpen) 4 times a day after operation. 


















Results
    Seventeen eyes of 16 patients were included in this case series. All patients received concurrent DSAEK and phacoemulsification with IOL implantation. There were 7 men and 9 women, with an average age of 64.4 years. The preoperative BSCVAs were all under 0.2 (LogMAR 0.70), and the average postoperative BSCVA at 12th month was 0.3 (LogMAR 0.52). The average postoperative BSCVA at 12th month was improved to 0.4 (LogMAR 0.40) in exclusion of one primary graft failure (Fig. 2), representing an average gain of 2 Snellen lines form preoperative vision. The vision outcomes were variable in the consideration of different etiologies (Table 1). Patients with LI induced corneal dysfunction got most improvement in BSCVAs, whereas CMV endotheliitis reach least improvement. Except one patient with unknown cause of corneal dysfunction, all patients began to gain better vision at 3rd month after operation. Figure 3 showed the pictures before and after the triple DSAEK procedure. 
    The mean preoperative SE was unavailable due to significant corneal opacity. The mean postoperative SE showed slight hyperopic shift of +0.03D at 3rd month, but began to demonstrate a trend toward myopic shift from 6th month. At 12th month, the mean SE was -0.11D. Refractive SE of the case series is summarized in and figure 4.
The donor endothelial loss rates were detected by specular microscopy. The mean preoperative donor endothelial cell density (ECD) was 2804 cells/mm2. This represented a mean cell loss of 36.88% at 3rd month after operation, 40.10% at 6th month, 42.63% at 9th month, and 34.00% at 12th month. Most of the endothelial cell loss occurred during the first 3 months after operation. 
In consideration of complications, there was no donor detachment, donor graft folds, epithelial ingrowth or corneal interface scars. One case (5.9%) needed glaucoma drugs after the triple DSEAK procedure due to pupillary block. The patient underwent trabeculectomy (TRBC) finally due to refractory ocular hypertension. One case (5.9%) had rejection at 6th month, because the patient held topical prednisolone by himself. The rejection was subsided after continuous prescription of Pred-forte. Overall, there was one case of primary graft failure (5.9%). 








Discussion
    The simultaneous procedure combined phacoemusification, IOL implantation and deep lamellar endothelial keratoplasty was named the new triple procedure in 2003 3. Compared to the triple procedure with concurrent phacoemusification, IOL implantation and penetrating keratoplasty (PKP), the new triple procedure provided predictability of the postoperative refractive error 2, rapid visual rehabilitation, comparable visual acuity outcomes 4, 5 and other advantages. PKP is an open sky approach which may lead to scleral collapse or choroidal hemorrhage during hypotonic state of eyeball, and capsulorrhexis, phacoemusification, cortical cleanup and IOL implantation may be more difficult and complicated due to anterior displacement of the posterior capsule induced by scleral collapse 6.
In our case series, the average postoperative BSCVA at 12th month was 0.3. Fifty-six percent of eyes achieved BSCVA of 0.5 or better. In comparison with 2 other series, which reported to have 90% and 97% eyes achieving BSCVA of 0.5 or better 6, 7, the VA outcome was less satisfied. However, all patient included in the other 2 studies were all with the diagnosis of Fuch’s dystrophy, whereas patients in our series had corneal dysfunction induced by some kinds of different etiologies. In addition, the source of donor was less in Taiwan than in foreign countries. Corneal haze developed frequently after waiting for a long time, and contributed to less satisfied visual outcomes. Patients with ICE syndrome, Fuch’s dystrophy and LI related corneal endothelium dysfunction could reach the BSCVA of 0.9 and 1.0 12 months after the triple DSAEK procedure. It appeared that patients with HSV and CMV infection had less favorable outcomes. However, the range of BSCVA in different etiologies was variable, and the case number was small. Further larger studies were necessary to identify the influence of different etiologies on BSCVA in triple DSAEK procedure. 
To render all eyes as close to emmetropia as possible, the IOL calculated target for this series of patient was between -0.5 and -1.0D due to hyperopic shift in refraction of approximately 1 diopter (D) after DSAEK 2. The mean SE at 12th month after operation was -1.21D. Seventy-five percents (12/16) of the patients had myopic change, and 3.75 % (6/16) developed myopia more than -2.0D. In our experience, the hyperopia shift after DSAEK was not as evident as other studies, and the selection of IOL power may target in 0 D or little minus power to yield more favorable results. Nevertheless, every surgeon should establish their own nomogram, because surgical procedures during the triple DSAEK could influence the refraction results, such as the pressure of artificial chamber in trephination. 
Most of the donor endothelial cell loss occurred during the first 3 months after operation, about 36.88%. Then the loss rates became stable around 40% 6 months after operation, similar to other studies 7. The reason why the donor endothelial loss improved to 34% one year after operation may be due to initial inflammation, endothelial migration, small case number or personal equation while operating specular microscopy. 
There was no case of donor detachment in our case series, better than 4/225 6 and 3/21 7 reported before. Venting incision wound to expel the interface fluid was performed routinely in our procedure. Furthermore, the air tamponade duration in our triple procedure was slightly longer, and all patients were in supine position for at least 60 minutes immediately after the procedure, contributing to lower donor dislocation rate. However, the longer time of gas tamponade may result in papillary block and ocular hypertension. To prevent, we routinely performed PI and removed air bubble as added prophylactic procedures. One case (5.9%) in our series developed pupillary block. The patient underwent TRBC finally due to refractory ocular hypertension. There was no acute graft rejection. One case (5.9%) developed graft rejection 6 months after operation due to discontinue of Pred-forte by himself. After prescription of topical steroids (Pred-forte) again, the graft rejection was relieved. Hence, under the premise that no complication occurred, we suggest that long-term administration of low frequency topical steroids could reduce the graft rejection rate. 
In patient with corneal endothelial dysfunction combined with cataract, the triple DSAEK procedure offers the advantages of rapid visual rehabilitation, and allows appropriate selection of IOL power which may target in emmetropia or little minus power. There was no donor dislocation or increased rates of graft failure and endothelial cell loss compared with other triple DSAEK studies. It is recommended that surgeons may perform venting incision wound routinely, prolong duration of gas tamponade to 10 minutes and keep patient in supine position 1 hour immediately after operation to facilitate donor adhesion. 


