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Abstract 
Purpose: To describe a method to visualize and manage a completely detached DMEK tissue scroll in the anterior chamber.
Methods: A 56-year-old male patient with pseudophakic bullous keratopathy, who underwent uncomplicated DMEK surgery, had a complete graft detachment diagnosed at one week follow up. The graft was re-attached using a new technique: the free-floating graft was stained in the anterior chamber with trypan blue, immediately followed by air injection to separate the host stroma from the dye. The stained DMEK graft was opened by gentle tapping and attached to the host stroma by air tamponade.  
Result: This technique allowed sufficient staining of the DMEK tissue to further evaluate and correct the graft orientation inside the anterior chamber without compromising the stroma. The DMEK graft was attached one week after the re-attachment procedure. The cornea cleared confirming the functionality of the endothelial cells. 
Conclusion: The technique described may be useful in cases of complete detachment of DMEK tissue and poor visualisation of the DMEK tissue orientation. Staining with trypan blue under a “protective” air bubble can provide sufficient visualisation to ensure the unfolding of DMEK tissue and reduce the risk of host stromal staining.

Key words
DMEK; surgical management; complication; graft detachment; Trypan blue staining

Introduction 
Descemet’s Membrane Endothelial Keratoplasty (DMEK) is becoming one of the commonest types of corneal transplantation for endothelial dysfunction due to its fast visual rehabilitation and low risk of immunogenic rejection,1,2 however, it still poses numerous challenges such as the technically demanding graft preparation technique,3 length of the learning curve4,5 and most noticeably, early postoperative complications.1 Partial or complete graft detachment are more common in DMEK surgery compared to DSAEK (Descemet Stripping Automated Endothelial Keratoplasty). In DMEK surgery partial graft detachment has been noted in up to 62-63 % of cases,6,7,8 most of which are managed conservatively, the others (with more than 33% of graft area detached) undergo re-bubbling at the slit lamp or in the operating theatre, with a good rate of success.9 Instead, the rate of complete graft detachment after DMEK, when the graft has entirely peeled away from the posterior corneal surface and is free-floating in the anterior chamber, ranges from between 2.5%-17.5%.10,11 This is a challenging situation due to persistent corneal oedema, and therefore, graft repositioning manoeuvres are usually hampered due to poor visualisation of the graft. Intraoperative anterior segment optical coherence tomography (AS-OCT) or handheld slit beam illumination could be useful in cases of corneal opacities, however, they are not always available and not always helpful.12,13 Usually in these cases a re-DMEK or DSAEK is performed with a good clinical outcome. 14,15 Here we describe the surgical management of a free floating DMEK in the anterior chamber that allows rescue of the detached graft and prevents excessive staining of the stroma with Vision Blue. 

Materials and Methods 
A 56-year-old male patient with pseudophakic bullous keratopathy underwent an uncomplicated 8.5 mm DMEK graft and presented at one week follow up with corneal oedema due to complete graft detachment (Figure 1A, 2A). The patient was taken back to the operating theatre and a local anaesthesia (peribulbar block) was performed. Leaving the sutures in place, the oedematous epithelium was removed and another paracentesis was made with a MVR- Lance 20 gauge on the horizontal meridian (Figure 2B). Using a right cannula, trypan blue (Vision Blue® 0.06%, DORC, Zuidland, the Netherlands) was directly injected into the anterior chamber (Figure 2C) and was seen to cover the entire anterior chamber (Figure 2D). Air was then injected immediately into the anterior chamber following Vision Blue (Figure 2E) to protect the host stroma from staining by allowing an air bubble to rest adjacent to the bare stroma (Figure 2F). A small volume of aqueous was released from the anterior chamber in order to increase the bubble size and decrease the amount of free Vision Blue. After a staining period of 2 minutes, the residual Vision Blue was washed away using balanced salt solution. This allowed sufficient staining of the DMEK tissue to be visualized and correct the orientation of the DMEK graft during the unfolding procedure (Figure 2G). Once the graft was in the correct position, it was gently tapped and opened with Descemet’s membrane side facing the stroma (Figure 2H). The DMEK graft was attached to the host stroma using an air tamponade (Figure 2I) (Supp. Video 1) followed by topical cycloplegia and instillation of cyclopentolate 1% and phenylephrine 2.5% drops. The patient was postured supine for 48 hours to ensure the graft attached well to the host stroma in the anterior chamber.  To highlight the consequences of 2 minutes of trypan blue staining on the bare stroma we performed a descemetorhexis and then stained the bare stroma of an ex vivo cornea. We imaged the cornea using a backlit dissection microscope and also a conventional camera with no back lighting. 
Results
The rescued DMEK graft was attached on the first post-operative day with 50% residual air bubble still visible. At a post-operative visit one week later, no further complications were noted, the cornea was clear, and the graft attached, the central corneal thickness was 541 microns (Figure 1B). 
The staining of the bare stroma with trypan blue for 2 minutes in the ex vivo experiment, especially with no back lighting (as would be seen in the patient under a surgical microscope in the operating theatre), highlighted the difficulties of visualization of the anterior chamber (Figure 3).  
Discussion
Management of a completely detached DMEK tissue is challenging especially as the affected eyes present with epithelial and stromal oedema and poor visualisation.  In a previous case series, it was observed that completely detached and upside-down DMEKs had to be replaced by DSAEKs.14,15. With the increase in popularity of DMEK surgery and growing surgical expertise in the procedure, replacing a DMEK with a new DMEK should now be considered as an alternative approach16. However, due to the limited availability of the donor corneas, it is not always feasible and so rescue of the original graft would be ideal. Mariacher et al. flipped an upside-down DMEK graft four weeks after the original procedure obtaining a favourable outcome.17 One option when using the same DMEK tissue in cases of a free floating DMEK grafts in the anterior chamber would be to remove the DMEK tissue from the chamber, re-stain it outside, reload it in the glass injector and reinject it. However, the loading and injection steps have been associated with endothelial cell loss18 so this method may not be ideal. Re-using a free floating DMEK by visualizing and orienting the graft in the anterior chamber may provide a safe and cost-effective solution. This technique has been described by Dragnea et al.19 in three patients where they inject Vision Blue into the anterior chamber to visualize the graft before reorientation, however, they do not use an air bubble to prevent stromal staining. 
Trypan blue 0.06% is an effective and safe tool to enhance graft visualisation,20 however, it has high affinity to the stroma. Hence, tissue staining in the anterior chamber risks host stromal staining which can complicate surgical manoeuvres by obscuring the intraoperative view of the anterior chamber and the DMEK tissue.21 Furthermore, inadvertent stromal trypan blue staining seems to persist for months or longer and may be permanent in human tissue22.  Jhanji et al. presented a case in which trypan blue was accidentally injected intra-stromally in an attempt to stain the anterior lens capsule and it was still present in the final day of follow up23. Farooq et al. described 4 cases of persistent staining in patients with lattice corneal dystrophy still present after 2 years of follow up.24. 
Marking of the DMEK tissue using various letter marks 25 or cuts, even if visible after a long time,26 does not help to rescue a free floating DMEK. This is because the graft is still transparent as, on average, trypan blue dye only lasts 110 minutes 20 so any initial staining will not be present, increasing the difficulty of the unfolding manoeuvre. The marks (cuts or letter) are useful only to recognize the graft orientation, but only once the graft has been dyed. Hence our described technique reduces the risk of stromal staining and allows a more controlled manipulation of the DMEK tissue without the need to replace or re-stain outside of the eye that may lead to additional endothelial cell loss. 
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Figure legends
Figure 1: Anterior segment –optical coherence tomography A) at 1-week follow-up to observe the primary DMEK scroll that was completely detached (magnified view of free floating section in inset). B) at 1 week follow up after second procedure.

Figure 2: A) Corneal oedema as observed on the patient after 1 week. B) First incision to advance the cannula in the anterior chamber. C) Injection of Vision Blue in the anterior chamber and D) covering the entire anterior chamber. E) Injection of air immediately into the anterior chamber to avoid host corneal staining F) while protecting the host stroma from staining. G) washing off the Vision Blue to visualize and correct the orientation of the DMEK graft during unfolding procedure. H) Gently opening while correcting the orientation of the DMEK graft facing the stroma. I) Attaching the DMEK graft to the host stroma using air tamponade. 

Figure 3. Ex vivo cornea stained with trypan blue for 2 minutes imaged with A) conventional camera and no back lighting as would be in a patient. B) on a dissection microscope to highlight the level of the staining to the stroma. 

Supplementary video legend
Supplementary video 1: The video shows surgical management of a completely detached DMEK graft in the anterior chamber. 
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