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Aims:

To determine the visual outcome, graft survival and complications after deep anterior lamellar keratoplasty (DALK) in patients with herpes simplex virus (HSV) related corneal scarring.

Methods:

A retrospective analysis of the patients who had DALK for HSV related corneal scarring between January 2004 and February 2007 was performed. Mean follow up was 30 months (Range: 16 to 48 months). The statistical significance of host corneal vascularisation was determined using Fisher's exact test.

Results:

There were 18 eyes from 18 patients and the mean age was 57 years. Preoperative VA ranged from HM to 6/12. Fifty percent of the eyes achieved VA of 6/12 or better postoperatively. Six eyes (33%) had recurrence of HSV related inflammation, eight eyes (including four eyes with recurrence of HSV related inflammation) developed graft rejection and four eyes (including two eyes with recurrence of HSV related inflammation) had bacterial keratitis. The graft survival rate was 83%. Three eyes developed glaucoma and one eye required trabeculectomy. Immunohistochemistry (IHC) revealed that HSV was focally positive or equivocal in four recipient corneal buttons and transmission electron microscopy (TEM) showed intracellular HSV virions in two of them.

Conclusions:

This is the largest series of DALK for herpetic corneal scarring which shows a comparable visual outcome and better graft survival rate than penetrating keratoplasty. There is significant risk of recurrence of HSV related inflammation and graft rejection which requires timely recognition and adequate management.

Introduction:

Herpes simplex keratitis (HSK) is one of the major causes of visual morbidity. Corneal scarring occurs in 18-28% with reduction in visual acuity to less than 6/12 in 10-25%. [START_REF] Liesegang | Epidemiology of ocular herpes simplex: natural history in Rochester, Minn, 1950 through 1982[END_REF] Despite developments in surgical and therapeutic approaches to date, corneal graft survival in the patients with HSK is significantly lower than in the patients with non-herpetic conditions. Patients undergoing corneal graft for sequelae of herpes simplex virus (HSV) keratitis are at higher risk for adverse corneal allograft outcomes when compared with individuals undergoing grafting for conditions such as keratoconus and Fuchs' corneal dystrophy. [START_REF] Epstein | Penetrating keratoplasty for herpes simplex keratitis and keratoconus. Allograft rejection and survival[END_REF][START_REF] Thompson Rw | Long-term graft survival after penetrating keratoplasty[END_REF] The postoperative course can be complicated by high rates of HSV recurrence, graft rejection, and graft failure. [START_REF] Cohen | Corneal transplantation for herpes simplex keratitis[END_REF][START_REF] Foster | Penetrating keratoplasty for herpes simplex keratitis[END_REF][START_REF] Lomholt | Recurrence and rejection rates following corneal transplantation for herpes simplex keratitis[END_REF][START_REF] Ficker | Long term prognosis for corneal grafting in herpes simplex keratitis[END_REF] The purpose of study was to determine the visual outcome, graft survival and complications after DALK in eyes with HSV related corneal scarring.

Materials & methods:

A retrospective, non-comparative case review of patients with HSV related corneal scarring who had DALK between January 2004 and February 2007 was undertaken. All the patients had inactive disease (at least 2 years) at the time of allograft and the indication of corneal graft was HSV related corneal scarring. Two eyes had corneal perforation previously; one treated with gluing and other required SFCAP (superior forniceal conjunctival advancement pedicle). All patients had primary corneal graft and DALK performed by a single surgeon (KR) by using Anwar's big bubble technique. [START_REF] Anwar | Big-bubble technique to bare Descemet's membrane in anterior lamellar keratoplasty[END_REF] Twelve to sixteen interrupted 10/0 nylon sutures were used to suture the graft depending on size of the graft.

Routine haematoxylin and eosin (H&E) histology, standard immunohistochemistry (IHC) for HSV and transmission electron microscopy (TEM) were also preformed in the recipient corneal buttons. The postoperative treatment regime comprised oral acyclovir 400mg BD for 12 months, chloramphenicol 0.5% and dexamethasone 0.1% eye drops QID for 4 weeks. Topical steroids were gradually reduced in strength and frequency over 6-9 months. All the patients were closely monitored for signs of inflammation, recurrence of HSK, graft rejection, infection, suture-related problems, raised intraocular pressure, and refractive outcome. Recurrence of HSK was described as epithelial, stromal or endothelial disease. Episodes of graft rejection were diagnosed in the presence of decreased vision, stromal oedema with or without subepithelial infiltrates, and anterior segment activity. Mean follow up was 30 months (Range: 16 to 48 months). The statistical significance of host corneal vascularisation and its influence on recurrence of HSK, graft rejection and failure was determined by using Fisher's exact test.

Results:

The total no of the patients was 18 which included 11 females and 7 males. The mean age was 57 years (range 20 to 75 years). Preoperative best corrected visual acuity (BCVA) varied from HM to 6/12 and only one patient had VA of 6/12. Vascularisation of the host cornea was observed in 12 eyes (7 eyes had both superficial and deep vessels). The average donor graft size was 8 mm (range 7.5 to 9.5 mm).

Microperforation of Descemet's membrane was observed in 4 eyes during stromal dissection phase but this did not affect the subsequent surgical steps leading to the uneventful completion of DALK procedure. At the end of operation 20% SF6 was injected intracamerally to prevent formation of double AC (anterior chamber). Postoperatively one eye developed double AC that required intracameral injection of SF6 gas on day 3. All patients had removal of graft sutures at an average time interval of 9 months.

Postoperatively nine patients (50%) achieved VA of 6/12 or better and 83% of the patients 6/60 or better [Table 1]. Mean postoperative astigmatism was 5.6 ± 4.4 dioptres (D) and mean spherical equivalent (SEQ) was -1.5± 2.2 D. Nine eyes had postoperative BCVA worse than 6/12; graft failure leading to opaque vascularised grafts was the causative factor in 3 eyes and interface scarring was present in 2 eyes. Other causes of poor postoperative visual outcome were glaucoma (2 eyes), stromal scarring due to bacterial keratitis (1 eye) and marked astigmatism (1 eye).

There was no statistical significant relationship between host corneal vascularisation and recurrence of HSK (p value = 0.4), graft rejection (p value = 0.2) and failure (p value = 0.5). Six eyes (33%) had recurrence of HSV related inflammation (five eyes with epithelial disease & one with keratouveitis) and were managed with topical acyclovir and steroids [Figure 1]. Four eyes (22%) presented with bacterial keratitis that included the two eyes with HSV recurrence and were treated with intensive use of topical 5% cefuroxime and 1.5% gentamicin [Figure 1]. Allograft rejection occurred in eight eyes (44%) including the four eyes with recurrence of HSV related inflammation and was managed with topical steroids, oral steroids and intravenous methyl prednisolone [Figure 2]. Our graft survival rate was 83% after 3 years. Three eyes developed glaucoma and one eye required trabeculectomy. Histology in each case showed features in keeping with scarring with associated vascularisation in some cases. IHC of the recipient corneal buttons showed focal positivity or equivocal results in four recipient corneal buttons whereas TEM revealed intracellular HSV virions in two of these recipient corneal buttons [Figure 3 &4]. To our knowledge this is the largest case series of patients who had DALK for HSV related corneal scarring. It is often difficult to determine whether a vascular or avascular corneal scar is herpetic in origin. The diagnosis of previous HSK is particularly important for patients undergoing corneal graft both for prognosis and requirement for post-surgical antiviral therapy. Lamellar keratoplasty has been performed to treat a wide variety of corneal pathologies without endothelial involvement. However, the technique is difficult, and DM perforation is a well-described complication of DALK surgery. There are different studies showing DM perforation rate varying from 4% to 39%. [START_REF] Sugita | Deep lamellar keratoplasty with complete removal of pathological stroma for vision improvement[END_REF][START_REF] Watson | Comparison of deep lamellar and penetrating keratoplasty in patients with keratoconus[END_REF][START_REF] Noble | Deep Anterior Lamellar Keratoplasty (DALK): visual outcome and complications for a heterogeneous group of corneal pathologies[END_REF] Our study showed DM perforation in 22% of the eyes but none of them required conversion to PK.

There is increasing evidence that reactivation of latent HSK plays an important role in graft failure causing a high rate of allograft rejection. [START_REF] Kaye | Human herpesviruses in the cornea[END_REF] Primary allograft rejection after PK for HSK was observed in 29% of the grafts in the first year and in 46% during the first 2 years. [START_REF] Lomholt | Recurrence and rejection rates following corneal transplantation for herpes simplex keratitis[END_REF] Studies have revealed that graft rejection is an infrequent complication of DALK surgery and is seen in 0% to 10% of the eyes undergoing surgery for heterogeneous corneal problems. [START_REF] Watson | Comparison of deep lamellar and penetrating keratoplasty in patients with keratoconus[END_REF][START_REF] Noble | Deep Anterior Lamellar Keratoplasty (DALK): visual outcome and complications for a heterogeneous group of corneal pathologies[END_REF][START_REF] Timarchi | Deep lamellar keratoplasty[END_REF] Our study showed 3 year graft rejection rate of 33% which is better than PK and it is comparable to the graft rejection rate in DALK for herpetic corneal scarring as described by Noble et al. [START_REF] Noble | Deep Anterior Lamellar Keratoplasty (DALK): visual outcome and complications for a heterogeneous group of corneal pathologies[END_REF] In our series all eyes with graft rejection except one had preoperative host bed corneal vascularisation. We could not find any statistically significant influence of corneal vascularisation on graft rejection or HSV related inflammation. Currently, it is also unclear whether risk factors such as corneal vascularisation, previous rejection episodes, and large grafts are associated with a higher rejection rate in patients undergoing DALK, as is the case with PK.

The incidence of recurrence of HSK after penetrating keratoplasty (PK) has been reported to 25% in first year and 44% in first two years, [START_REF] Lomholt | Recurrence and rejection rates following corneal transplantation for herpes simplex keratitis[END_REF] and is a major cause of corneal graft failure in the patients. In our series the recurrence of HSK was 5% in first year which is significantly less in comparison to previous studies. [START_REF] Lomholt | Recurrence and rejection rates following corneal transplantation for herpes simplex keratitis[END_REF] The majority of the patients had recurrence in the second year. Our patients had prophylactic oral acyclovir for 12 months which may have reduced the recurrence of HSK. Van Rooij et al also demonstrated in their randomized controlled trial (RCT) that oral acyclovir effectively prevents herpesrelated recurrences after penetrating keratoplasty in herpetic eye disease. [START_REF] Van Rooij | A retrospective study on the effectiveness of oral acyclovir to prevent herpes simplex recurrence in corneal grafts[END_REF] In 50% of the eyes we achieved VA of 6/12 or better, 83% obtained 6/60 or better and 3 eyes with graft failure had VA worse than 6/60. The mean SEQ was -1.5 D which is almost similar to the other series of DALK patients, with reported values between -1.65 and -4.13 D. [START_REF] Watson | Comparison of deep lamellar and penetrating keratoplasty in patients with keratoconus[END_REF][START_REF] Funnell | Comparative cohort study of the outcomes of deep lamellar keratoplasty and penetrating keratoplasty for keratoconus[END_REF][START_REF] Coombes | Deep lamellar keratoplasty with lyophilised tissue in the management of keratoconus[END_REF] The main causes of poor visual outcome were graft failure, interface and stromal scarring and glaucoma. In our series 3 years graft survival rate was 83% which is higher than 2 year survival rate of 67% as reported by Lomholt et al [START_REF] Lomholt | Recurrence and rejection rates following corneal transplantation for herpes simplex keratitis[END_REF] in their series of PK in herpetic corneal scarring. This may be related to DALK procedure as there is preservation of host corneal endothelium and no risk of endothelial rejection. All three eyes with graft failure had vascularisation of the host corneal bed and one of the grafts was large (9.5mm). One of them previously had corneal perforation and other eye had pre existing glaucoma. Postoperatively one eye developed bacterial corneal abscess and stromal rejection; and the second eye had recurrence of HSV related keratouveitis, two episodes of stromal rejection and uncontrolled glaucoma which required trabeculectomy within the first 2 years. The third eye had bacterial keratitis that eventually led to graft failure.

Although, there are no studies directly comparing the duration of existence of HSV-1 in the trigeminal ganglion and cornea, the available evidence suggests that detection of the virus in the cornea may be time dependent. Kaye and colleagues 12 demonstrated that HSV-1 DNA was detected significantly more frequently in the corneas of patients who had their last documented episode of HSK within 2 years of surgery. The longer the period between the last episode of HSK and surgery, the less likely it is that virus will be detected. There are different techniques which may be used to detect HSV but we used IHC and TEM. IHC has a reasonably good sensitivity and specificity for the detection of HSV-1 (74% and 85%, respectively). [START_REF] Kaye | Human herpesviruses in the cornea[END_REF] PCR was not performed in our study as the corneal specimens were formalin fixed and embedded in paraffin for more than 6 months and length of time in paraffin has been shown to critically influence PCR results. [START_REF] Ben-Ezra | Effect of fixation on the amplification of nucleic acids from paraffin-embedded material by the polymerase chain reaction[END_REF] Our series demonstrated focal positivity or equivocal results in four recipient corneas on IHC and two of them also showed intracellular HSV virions on TEM. All patients had last episode of HSV keratitis more than 2 years from the time of surgery which may depict that detection is time dependent.

In summary this is the largest series of DALK in HSV related corneal scarring that reveals comparable visual outcome and better graft survival rate than PK. There remains a significant risk of recurrence of HSV related inflammation and graft rejection which requires timely recognition and adequate management.

Legends: 

  corrected visual acuity, S = Superficial, D = Deep, CE = Cataract extraction, AC = Atopic conjunctivitis, AK = Astigmatic keratotomy, CS = Compressive suture, SFCAP = Superior forniceal conjunctival advancement pedicle, PXF = Pseudo exfoliation, RK= Radial keratotomy Discussion:
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 12 Figure 1: The distribution of HSV related inflammation and bacterial keratitis episodes depending on their year of presentation
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 3 Figure 3: Transmission electron microscopy of the recipient corneal button showing occasional intranuclear HSV virions (arrows).
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 4 Figure 4: Immunohistochemistry of the recipient corneal button illustrating focal positive staining of stromal keratocytes (arrows).
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 3 Figure 3: Transmission electron microscopy of the recipient corneal button showing occasional intranuclear HSV virions (arrows).
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 4 Figure 4: Immunohistochemistry of the recipient corneal button illustrating focal positive staining of stromal keratocytes (arrows).

Table 1 : Description of preoperative & postoperative visual acuities, ocular co-morbidities, complications, immunohistochemistry (IHC), transmission electron microscopy (TEM) and any further surgical procedures.
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	Pts	Pre-op	Ocular co-	Vascularisation	Post-op	Recurrence	Rejection	Bacterial	Failure	IHC	EM	Additional
		BCVA	morbidities	of host cornea	BCVA	of HSK	(type)	infection				surgical
					(month)	(type)						procedures
	1	6/18	N	N	6/9 (12)	N	N	N	N	-ve	-ve	
	2	CF	Dry eyes,	Y (S & D in 1	6/24 (14) N	N	N	N	-ve	-ve	CE
			AC,	quadrant)								
			glaucoma									
	3	HM	Dry eyes	Y (S & D in 1	CF (15)	N	N	Y	Y	-ve	-ve	SFCAP,
				quadrant)								Botox
												ptosis
	4	1/60	N	Y (S & D in 3	6/12 (16) N	N	N	N	-ve	-ve	
				quadrants)								
	5	6/12	PXF	N	6/6 (38)	N	Y	N	N	-ve	-ve	AK, CS,
							(Epithelial)					CE
	6	CF	N	Y (S & D in 1	6/6 (48)	Y	Y	N	N	-ve	-ve	
				quadrant)		(Epithelial)	(Epithelial)					
	7	6/36	N	Y (D in 1	6/36 (22) Y	Y	Y	N	-ve	-ve	
				quadrant)		(Epithelial)	(Stromal)					
	8	6/24	N	N	6/36 (18) N	N	N	N	-ve	-ve	
	9	6/36	N	Y (D in 1	CF (28)	Y	Y (Stromal,	N	Y	-ve	-ve	CE, Trab
				quadrant)		(Keratouveit	twice)					
						is)						
	10	6/36	N	Y (S & D in 1	6/12 (21) N	Y	N	N	Equivocal	+ve	
				quadrant)			(Stromal)					
	11	HM	N	N	6/12 (22) N	N		N	Equivocal	+ve	
	12	6/18	N	N	6/9 (28)	Y	N	N	N	Focal	-ve	
						(Epithelial)				positivity		
	13	3/36	N	Y (S & D in 2	2/60 (21) N	Y	Y	Y	Focal	-ve	
				quadrants)			(Stromal)			positivity		
	14	HM	N	N	6/18 (47) N	N	N	N	-ve	-ve	CE
	15	1/60	N	Y (S in 1	6/9 (45)	N	N	N	N	-ve	-ve	AK, CS,
				quadrant)		(Epithelial)						CE
	16	1/60	N	Y (D in 1	6/60 (12) Y	Y	Y	N	-ve	-ve	
				quadrant)		(Epithelial,	(Stromal)					
						twice)						
	17	1/60	N	Y (S & D in 1	6/18 (30) Y	N	N	N	-ve	-ve	CE, CS,
				quadrant)		(Epithelial)						AK, RK
	18	1/60	N	Y (S in 1	6/12 (47) N	Y					
				quadrant)			(Stromal)