Descemet’s Stripping Automated Endothelial Keratoplasty in abnormal anterior segment: scleral indentation technique to enhance donor adherence

Chun-Chi Chiang, M.D., PhD.1,2, Jane-Ming Lin, MD1, Yi-Yu Tsai, M.D., Ph.D.1,2
1Department of Ophthalmology, China Medical University Hospital, Taichung, Taiwan

2 School of Medicine, China Medical University, Taichung, Taiwan

Reprint requests: Yi-Yu Tsai, M.D., PhD.

Department of Ophthalmology

China Medical University Hospital

No. 2, Yuh Der Road, Taichung, Taiwan 

Telephone: 886-4-22052121-1141

Fax: 886-4-22059265

E-mail address: elsa.chiang@gmail.com

Declaration of Interest

The authors report no conflicts of interest. The authors alone are responsible for the content and writing of the paper. 

This paper has not been published in any form previously.


Abstract

Background: To describe a scleral indentation technique to enhance donor adherence in Descemet’s stripping and automated endothelial keratoplasty (DSAEK) in patients with abnormal anterior segment.
Methods: In patients with visual potential, we performed transscleral fixation of a foldable intraocular lens (IOL) and DSAEK. In patients only for pain relief, we performed DSAEK without IOL implantation. During air tamponade, we injected only a medium air bubble instead of big bubble into anterior chamber and used scleral indentation technique as an aid. The position of the grafts was checked by the slit lamp and anterior segment optical coherence tomography (AS-OCT).      

Results: Five eyes of 5 patients of aphakic bullous keratopathy (ABK) or pseudophakic bullous keratopathy (PBK) with anterior chamber IOL (AC IOL) were included in this non-comparative interventional case series. The grafts attached well in all patients without any graft dislocation intraoperatively and during follow-up period. There was not any pupillary block or peripheral anterior synechiae postoperatively. 

Conclusions: Scleral indentation technique with or without transscleral fixation of a foldable IOL in DSAEK can facilitate the air tamponade and enhance the donor adherence in certain anterior segment abnormities.
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Introduction

Descemet’s stripping automated endothelial keratoplasty (DSAEK) is becoming a widely used procedure for the treatment of various corneal endothelial diseases. One challenge of this technique is securing the graft to the posterior surface of the host cornea. An air tamponade can be used to overcome this obstacle and increase donor adherence. However, it is a very difficult task in an aphakic eye or anterior segment abnormities such as large iris defect. As the size of the air bubble increases, it has the tendency to move through the pupil to the larger posterior chamber (PC) despite the fact that air is lighter than the aqueous fluid.1 This occurs as a result of the principles of surface tension and LaPlace’s law.1 Moreover, if the pressure in the anterior chamber (AC) is much higher than that in the PC, it is even easier for the air bubble to migrate to the posterior chamber.1, 2 When the air goes behind the iris, not only is there no tamponade effect but the air bubble will also push the iris forward sticking to the graft and causing a posterior pupillary block. 

Restoring the lens barrier is a way to counteract the aforementioned problems, and this can be accomplished using transscleral fixation of an intraocular lens (IOL). We used a foldable IOL to perform the transscleral fixation using the same small DSAEK wound instead of PMMA sutured IOL. Because the single-piece foldable IOL in the sulcus is reported to cause chronic uveitis,3 we used the 3-piece variety. In aphakic cases without visual potential, such as end-stage glaucoma, IOL implantation is not necessary. Without an IOL barrier, however, only a medium-sized air bubble injection can be maintained in the anterior chamber, because a large air bubble will easily migrate posteriorly. To increase the success of this technique, we used a scleral indentation technique to elevate the pressure in the posterior chamber, which compresses the air in the anterior chamber to fit the internal corneal surface. 
    We present the results of DSAEK with the aid of scleral indentation in a consecutive series of 5 eyes of 5 patients with anterior segment abnormity. Two patients received DSAEK combined with transscleral fixation of a foldable IOL and 3 patients only received DSAEK.  
Methods

        We retrospectively reviewed 5 bullous keratopathy cases from the China Medical University Hospital from 2009 through 2010. All patients had previously received vitrectomy surgery. The operations were performed by Y.Y.T and informed consent was obtained from all participants prior to surgery. Preoperative clinical details can be seen in Table 1. The decision to perform DSAEK with or without IOL implantation was made based on the patients’ visual potential. If patients’ visual acuity was mainly affected by bullous keratopathy and the vision was expected to be improved after surgery, we defined they has visual potential. On the other hand, if patients had other ocular history except bullous keratopathy, such as end-stage glaucoma and severe macular degeneration, we defined they had no visual potential. 

In eyes with visual potential, transscleral fixation of a foldable IOL followed by DSAEK was performed. In patients without visual potential, we performed DSAEK without IOL implantation for pain relief. Study protocols were approved by the institutional review board of the China Medical University Hospital.
Transscleral fixation of a foldable IOL:

Cases 1 and 2 underwent DSAEK combined with transscleral fixation of a foldable IOL. We used a temporal approach to perform the surgery: two scleral flaps were created at 4:30 and 10:30, and a 5-mm scleral tunnel wound was made on the temporal side. We used the Lewis method to suture the foldable acrylic IOL (AcryoSof MA60AC; Alcon Laboratories, Inc, Fort Worth, TX) in the sulcus4. In brief, we used a 26-gauge hollow-bore needle on an insulin syringe and a straight suture needle carrying 10-0 polypropylene. Both of these needles penetrate the eye wall in ab externo fashion, with measurements guiding their insertion. After the haptics were sutured, the IOL was implanted through the temporal wound and released when the forceps was just behind the level of the iris plane. The sutures were fixed on the created scleral wound.
DSAEK: 

The DSAEK scleral tunnel wound was 5 mm at the temporal side. In cases 1 and 2, we used the same temporal 5-mm wound for IOL implantation. In case 4, the foldable IOL in the anterior chamber was first removed from the 5-mm wound. Two 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 iridectomy, the donor graft was pulled into the anterior chamber. 

Air tamponade procedure:

For the air tamponade procedure, cases 1 and 2 were slightly different from cases 3, 4, and 5. In cases 1 and 2, because there had been prior IOLs, the anterior chamber was easily filled with a medium-sized air bubble (75% air fill). In cases 3, 4, and 5, we slowly released the aqueous fluid from the scleral tunnel wound, and then, slowly injected air into the anterior chamber to form a medium-sized air bubble instead of big bubble. If the injected air bubble traversed into the vitreous cavity, it indicated higher intraocular pressure in the anterior chamber relative to the posterior chamber.1, 2 In these situations, the anterior chamber pressure was lowered by releasing some fluid or air from the scleral tunnel wound. Following this procedure, the trapped air would return to the anterior chamber, and the scleral indentation procedure could be performed. If the air bubble that reappeared in the anterior chamber was not large enough (<75%), more fluid can be released from the anterior chamber to further lower the anterior chamber pressure, and then, more air can be slowly injected to form a medium-sized bubble in the anterior chamber. If the entire globe is soft or the pressure in the posterior chamber is low, the air easily moves to the posterior chamber.1, 2 An injection of 0.5–1 mL of balanced salt solution (BSS) into the posterior chamber from pars plana with a 30-gauge needle raises the intraocular pressure to within the normal range. The elevated posterior chamber pressure will also prevent the posterior movement of air.

Scleral indentation technique:

In all cases, when the air bubble reached a medium size, we used 2 cotton swabs to simultaneously perform scleral indentations at the temporal and nasal sides far from the limbus (around the equator) to elevate posterior chamber pressure (Figure 1). The air bubble in the anterior chamber was compressed and collected near the internal corneal surface causing the anterior chamber to become firm. The air covered and pushed the entire donor graft against the cornea, and the interface fluid was forced out through the venting incisions. We paused for about 5 seconds after about 2 minutes of scleral indentation. After 5 cycles, the air tamponade procedure was completed, and a small air bubble (50% air fill) was left in the anterior chamber.  
Main Outcome Measures

    Graft position and corneal clarity were checked by slit lamp biomicroscopy. Anterior segment optical coherence tomography (AS-OCT, Visante®; Carl Zeiss Meditec, Inc., Dublin, CA) was performed to evaluate the graft position. Corneal endothelial cell loss rate was also collected.

Results

The donor grafts attached well intra- and post-operatively in all cases, and all the edematous corneas became clear postoperatively (Figure 2 and 3). AS-OCT revealed that all grafts were well adhered (Figure 4). No pupillary blocks were observed and no patient experienced postoperative graft dislocation. The intraocular pressure was within normal limit in the 1-year following period in patients 1 and 4. In patients with glaucoma, the IOP was under control by topical anti-glaucoma eye drops. After 1-year follow up, the best-corrected visual acuity in cases 1 and 2 improved from 2/200 to 6/20 and CF/20 cm to 2/20, respectively. The limited vision improvements were due to macular degeneration and glaucoma, respectively. As the following time extended, we collected the corneal endothelial density (CED) 2- to 3-year postoperatively. The average pre-operative corneal endothelial density (CED) was 2741mm2(range, 2487-3174/mm2), and at mean 30-month postoperatively (range, 26-38 months) was 1723/mm2 (range, 1176-2314/mm2), and mean ECD rate was 37.1%. 
Discussion

According to the principle of surface tension, an air bubble has the tendency to be spherical in water. Thus, a small air bubble in the anterior chamber is spherical, but as the size of the bubble increases, it must conform to the surrounding surfaces, and because of the iris, it loses its spherical shape.1 Given an opportunity, for example, in aphakia or large iris defect wherein there is higher pressure in the AC, the air will flow to the larger PC to regain a spherical shape. 

For adherence of donor grafts to the recipient corneas in DSAEK, air tamponade with an air bubble large enough to cover the donor edge is important. However, it is difficult to maintain a large air bubble in an abnormal AC without a proper barrier, because there is access between the anterior and posterior chambers and a large pressure differential occurs during the air tamponade. We used scleral indentation with or without IOL implantation to enhance donor graft adherence in these eyes. Transscleral fixation of a foldable IOL solves this problem by inhibiting the access between the anterior and posterior chambers. Exchanging the aqueous fluid with a medium-sized air bubble and performing scleral indentation solves the pressure differential that develops during air tamponade. 

In the standard air tamponade procedure, it usually needs a large air bubble and maintains in the anterior chamber for at least 8 minutes. In such condition, many studies showed no damage to the endothelial cells.5,6 We use only medium size air bubble with intermittently gentle scleral indentation, the pressure was just enough for draining the interface fluid from the venting incisions and didn’t lasting for more than 2 minutes each time. Although we didn’t quantify the intraocular pressure during indentation, due to donor was well attached and getting clear quickly, we believe the pressure did not cause significant damage of donor endothelium. Our CED loss rate at 2-to3-year follow-up was also compatible with other similar follow-up period DSAEK case series.7-9
We have previously reported transscleral fixation of a foldable IOL after pars plana lensectomy.4 We found that this method offers the advantages of a small incision and rapid visual rehabilitation while minimizing the risk of intraoperative and postoperative complications. Other reports concur that transscleral fixation of a foldable IOL is safe and leads to favorable visual outcomes.10 In previous reports, however, all transscleral fixations of a foldable IOL were performed in eyes with normal anterior chambers, and there are no reports of transscleral fixation of a foldable IOL after air tamponade procedure of DSAEK. In these cases, there is concern regarding suture slippage and IOL dislocation during air tamponade, especially they have received vitrectomy and the liquefied vitreous has poor posterior support. However, we found that after air tamponade procedure, there was no suture slippage or IOL dislocation or tilting. The use of a medium-sized air bubble decreases the stress of stretching during air tamponade in patients undergoing transscleral fixation of a foldable IOL, and scleral indentation may facilitate the interface fluid drainage and donor adhesion with a relatively lower IOP. 

    In the case series, one patient’s visual acuity was NLP, she had the will to receive DSAEK because she suffered from long-term ocular pain and couldn’t tolerant wearing therapeutic contact lens, we informed patients the purpose of surgery was pain relief from bullous keratopathy but not vision re-gain. After surgery, patient was happy for the symptom relief and improved of life quality. Hence, even without visual potential, DSAEK still can be performed in patients suffer from chronic ocular pain resulting from bullous keratopathy that failed in conservative treatment. In patients without visual potential, IOL implantation is not necessary. Without an IOL, it is only possible for a medium-sized air bubble to remain in the anterior chamber. In this study, we used scleral indentation to perform a successful air tamponade under a medium-sized air bubble. During scleral indentation, the high posterior chamber pressure compresses the air bubble in the anterior chamber to conform to the internal corneal surface. The anterior chamber becomes firm, the air covers and pushes the entire donor graft against the cornea, and the interface fluid is pushed out through the venting incisions as per regular DSAEK procedure. Occasionally, the entire globe is too soft to maintain even a medium-sized air bubble in the anterior chamber or to perform scleral indentation, especially in the cases of post-vitrectomy. For these cases, an intravitreal BSS injection can be performed in order to elevate the posterior chamber pressure to a normal range. 
The scleral indentation technique can be used in not only aphakic patients with a medium-sized air bubble but also in pseudophakic or phakic patients with a large air bubble. This procedure increases the firmness of the anterior chamber and pushes more interface fluid out through the venting incisions, especially in patients with liquefied vitreous or weak zonules. 

Peng et al has reported that using viscoelastic as an aid in reattaching the dislocated graft in abnormally structured eyes.2 They used viscoelastic to maintain the AC and support the air bubble to prevent the air bubble from flowing into the posterior chamber. However, it is not easy to keep the air in the same place during rolling the cornea surface to extract the interface fluid. Although with gentle rolling may avoid air bubble migration, the interface fluid may be drained inadequately. We also noticed that there were more wrinkles in the periphery of donor edge compared with tamponaded by air bubble. Also, the retained viscoelastic may cause IOP elevation for days, which may prolong the rehabilitation. In our case series, no patient experienced elevated IOP postoperatively, hence, antiglaucoma medication was not necessary.
In the cases reported in this paper, the air bubble often traversed into the vitreous cavity postoperatively in the aphakic eyes without IOL implantation, and thus, peripheral iridectomy is necessary.  

In conclusion, in aphakic bullous keratopathy with visual potential, transscleral fixation of a foldable IOL and regular DSAEK can be smoothly performed. With a medium-sized air bubble tamponade and the aid of scleral indentation, the sutured IOL can be fixed steady without tilting or dislocation. In eyes without a proper barrier between anterior and posterior segment, the use of the scleral indentation technique makes the air tamponade procedure possible with a medium-sized air bubble. Based on the findings of this study, we propose that the scleral indentation technique can facilitate successful DSAEK in eyes with certain anterior segment abnormities.
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Figure legends

Figure 1. Scleral indentation technique in case 2 

A medium-sized air bubble in the anterior chamber (A). Starting scleral indentation with 2 cotton swabs at the temporal and nasal sides far from the limbus (B). During scleral indentation, the anterior chamber becomes firm with air, and the interface fluid is pushed out through the venting incisions (C). A 5 seconds pause after about 2 minutes of scleral indentation (D).

Figure 2. Pre- (left) and post-operative (right) photographs of DSAEK and transscleral fixation of a foldable IOL 

Case 1 (A, B) and Case 2 (C, D).

Figure 3. Pre- (left) and post-operative (right) photographs of DSAEK without IOL implantation 

Case 3 (A, B), Case 4 (C, D), and Case 5 (E, F).

Figure 4. Anterior segment optical coherence tomography (AS-OCT) images 
Case 1, postoperative 1 week (A). Case 2, postoperative 3 days (B). Case 3, postoperative 1 month (C). Note the uneven corneal thickness on the temporal side due to a previous traumatic scar. Case 4, postoperative 2 weeks (D). Case 5, postoperative 1 month (E). 
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