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            Abstract

            
               
Purpose: To describe the management strategy and evaluate the outcome of Anophthalmic socket syndrome.
               

               Materials and Methods: This retrospective case study includes 40 patients with anophthalmic socket syndrome who attended the orbit and ocular oncology
                  department of Ispahani Islamia Eye Hospital from January 1, 2018, to June 31, 2021 were included in this study. All the information
                  regarding age, gender, initial pathology, type of initial surgery, implant, degree of contraction, the procedure of socket
                  reconstruction, the management outcome and complication were recorded and analyzed correctly.
               

               Results: 17 males (42.5%) and 23 females (57.5%) with a mean age of 24.47 years were included in the study. Trauma (30%) and Tumour
                  (25%) were the main reasons for initial eye removal. Enucleation performed in 24 (60%) cases was the most common initial surgery.
                  The primary implant was not done in 20 (50%) cases. Mild socket contraction (grade 1) was recorded in 10 (25%) cases. Moderate
                  contraction (grade 2 and 3) in 25(62.5%) cases and severe contraction (grade 4) in 5(12.5%) cases were recorded. Only fornix
                  forming suture was done in 10 (25%) cases, mucous membrane graft (MMG) was done in 27 (67.5%) cases and dermis fat graft was
                  done in 3 (7.5%) cases. All the patients were followed up routinely for six months. The outcome was good in 16 (40%) cases,
                  acceptable in 20 (50%), and poor in 4 (10%) cases. A common complication was infection (5%) and fat atrophy (5%).
               

               Conclusion: Anophthalmic socket syndrome remains a challenging entity for the oculoplastic surgeon. Multiple factors help to determine
                  the overall prognosis of socket reconstruction. The goal of management is to provide a socket that can maintain a cosmetically
                  acceptable prosthesis. Timely detection, proper correction of the underlying pathology and a high level of care directly correlate
                  with expected surgical outcomes.
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               Introduction

            There are situations when keeping the eye ball preservation is  impossible, functionality is lost, and the patient is in severe
               pain or aesthetic requirements are higher than to alleviate severe pain, protect a healthy contralateral eye, improve aesthetics
               or even save a patient's life, the eyeball must be removed. Although this approach solves the patient's health problem, it
               can devastate their perception and self-confidence. Though the patient's visual function cannot be recovered, the doctor should
               take all measures to offer the patient an ideal ocular prosthesis so that he can have a “normal” look after surgery.1 A contracted socket is a grievous complication of a surgical Anophthalmic socket, resulting in the unable to retain a ocular
               prosthesis. It is not a common problem but significant cosmetic concern for ophthalmic plastic surgeon.2

            Anophthalmic socket syndrome is the combination of contracted Anophthalmic socket, cosmetically significant volume deficit
               and additional pathologies like the fibrous band, symblepharon, conjunctival granuloma, entropion, ectropion, ptosis and many
               more. Many factors, including fibrosis due to initial trauma, poor surgical technique, multiple socket procedures, irradiation,
               alkali burns, and cicatrizing disease of the conjunctiva, maybe the reason for socket contraction.3 A contracted socket may occur any times from weeks to years after primary surgery.2 While historically it was believed that the sulcus deformity, volume deficit, symblepharon and other pathologies associated
               with Anophthalmic socket syndrome were incurable, 4 advances in the using grafting materials, alloplastic implants, and flaps have allowed contracted sockets to be reformed
               successfully, therefore returning the function of the normal fornix. 3

            In this study, we present our experience with patients attending with Anophthalmic socket syndrome. We intend to evaluate
               the demographic features of the patients, presenting pathologies along with gradings, different management techniques to treat
               the underlying pathologies and ultimate cosmetic outcome.
            

         

         
               Materials and Methods

            It is a retrospective case series. Forty patients with anophthalmic socket syndrome who were referred to the Oculoplasty and
               Ocular Oncology Department of Ispahani Islamia Eye Hospital from Jan 1 2018, to Jun 31 2021, were enrolled for the study.
               Patients, irrespective of age and gender, with anophthalmic socket syndrome (ASS) of grade 1 to grade 4 were included. Grade
               5 socket contraction and cases with  continuous progression of cicatrizing disease were excluded from the study.
            

            Detailed history was taken in every patient. All eyes underwent thorough oculoplastic examination. The degree of contraction
               was classified as mild, moderate, and severe. Reasons for eye removal, type of initial surgery, and presence of an implant
               were recorded. Grading of socket contraction and other pathologies accompanying contraction was detected. All patients gave
               informed consent. A small group of 4 skilled surgeons performed the surgery. Surgeries were performed for the contracted socket,
               and additional pathologies were recorded. The final status was classified as good, acceptable, and poor. An ocular prosthesis
               was given after six weeks of surgery. All patients were followed up routinely for at least six months. All data are appropriately
               assessed and recorded. Tenets of Helsinki were followed in the study.
            

            
                  Grading of socket contraction

               
                     
                     	
                        Grade 0: A healthy socket with deep and well-formed fornices.

                     

                     	
                        Grade 1: Shallowing of the lower fornix. 

                     

                     	
                        Grade 2: Loss of the superior and inferior fornix.

                     

                     	
                        Grade 3: Involvement of all four fornices

                     

                     	
                        Grade 4: grade 3 with a reduction in the horizontal palpebral fissure 

                     

                     	
                        Grade 5: Recurrence of contraction after repeated failed attempts of Reconstruction 

                     

                  

               

            

            
                  Surgical options

               
                     
                     	
                        Management of shallow fornix can be successfully managed by fornix forming suture. Three double-arm 4-0 silk sutures are passed
                           from the inferior fornix's depth. The needle engaged the periorbita and emerged through the skin near the inferior orbital
                           rim. The double-armed suture is then tightened over a bolster on the skin.5 
                        

                     

                     	
                        Management of socket contracture: Full-thickness mucous membrane grafting (MMG) is the most widely performed procedure for
                           surface expansion of the socket.1 The preferred donor sites for MMG are the oral mucosa of lips. The harvested graft must always be 30% bigger than the anticipated
                           area to allow for subsequent shrinkage and healing.1 The use of cautery was avoided when possible.
                        

                     

                     	
                        Correction of volume deficiency: where volume loss exceeds 50 per cent, MMG alone is insufficient. A secondary orbital implant
                           or a dermis fat graft is required to substitute for the volume loss.1 Dermis fat graft (DFG) is harvested from the gluteal region's outer and upper quadrant as this prevents damage to the sciatic
                           nerve and doesn’t involve the weight-bearing area.1  
                        

                     

                  

               

               
                     
                     Figure 1

                     Harvesting oral mucous membrane graft (MMG)
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                     Figure 2

                     Expansion of socket by covering bare area of conjunctiva with MMG
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                     Figure 3

                     Fornixforming suture
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                     Figure 4

                     Harvesting dermis fat graft (DFG)
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                     Figure 5

                     Volume deficit correction by DFG
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                     Figure 6

                     Confirmer is placed in the ocular surface
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                     Figure 7

                     Tarsorrhaphy
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               Results

            Most of the patients presented with socket contraction were in the middle age group (20 to 40 years) (Table  1). The mean age of presentation was 24.47 years. Among 40 patients, 17 (42.5%) were male, and 23 (57.5%) were female, with
               female to male ratio of 1.35:1.
            

            
                  
                  Table 1

                  Age distribution
                  

               

               
                     
                        
                           	
                              
                           
                            Age (year)

                           
                        
                        	
                              
                           
                            Number (n)

                           
                        
                        	
                              
                           
                            Percentage (%)

                           
                        
                     

                     
                           	
                              
                           
                             < 20 years

                           
                        
                        	
                              
                           
                             13

                           
                        
                        	
                              
                           
                             32.5

                           
                        
                     

                     
                           	
                              
                           
                             ≥ 20 year - < 40 year

                           
                        
                        	
                              
                           
                             22

                           
                        
                        	
                              
                           
                             55

                           
                        
                     

                     
                           	
                              
                           
                             ≥ 40 years

                           
                        
                        	
                              
                           
                             5

                           
                        
                        	
                              
                           
                             12.5

                           
                        
                     

                  
               

            

            The most common cause of eye removal was trauma (30%), followed by tumours (25%) and infection (17.5%). Pathology was unknown
               in 15% of cases (Figure  8).
            

            
                  
                  Figure 8

                  Aetiology of eye removal
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            Evisceration was the initial surgery in 16 patients (40%), while enucleation (Figure  9) was done in 24 patients (60%).
            

            
                  
                  Figure 9

                  Types of initial surgery
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                  Table 2

                  Degree of contraction

               

               
                     
                        
                           	
                              
                           
                            Degree of contraction

                           
                        
                        	
                              
                           
                            Number (n)

                           
                        
                        	
                              
                           
                             Percentage (%)

                           
                        
                     

                     
                           	
                              
                           
                             grade 1

                           
                        
                        	
                              
                           
                             10

                           
                        
                        	
                              
                           
                             25

                           
                        
                     

                     
                           	
                              
                           
                             grade 2

                           
                        
                        	
                              
                           
                             15

                           
                        
                        	
                              
                           
                             37.5

                           
                        
                     

                     
                           	
                              
                           
                             grade 3

                           
                        
                        	
                              
                           
                             10 

                           
                        
                        	
                              
                           
                             25

                           
                        
                     

                     
                           	
                              
                           
                             grade 4

                           
                        
                        	
                              
                           
                             5

                           
                        
                        	
                              
                           
                             12.5

                           
                        
                     

                  
               

            

            
                  
                  Figure 10

                  Presence of primary implant
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                  Table 3

                  Procedure of socket reconstruction

               

               
                     
                        
                           	
                              
                           
                            procedure 

                           
                        
                        	
                              
                           
                            Number (n)

                           
                        
                        	
                              
                           
                           
                              Percentage
                               (%)
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                             fornix forming suture

                           
                        
                        	
                              
                           
                             10

                           
                        
                        	
                              
                           
                             25

                           
                        
                     

                     
                           	
                              
                           
                             MMG with FFS

                           
                        
                        	
                              
                           
                             27

                           
                        
                        	
                              
                           
                             67.5

                           
                        
                     

                     
                           	
                              
                           
                            DFG with FFS

                           
                        
                        	
                              
                           
                             3

                           
                        
                        	
                              
                           
                             7.5 

                           
                        
                     

                  
               

            

            
                  
                  Table 4

                  Outcome of patients

               

               
                     
                        
                           	
                              
                           
                             Outcome

                           
                        
                        	
                              
                           
                             Number (n)

                           
                        
                        	
                              
                           
                             Percentage (%)

                           
                        
                     

                     
                           	
                              
                           
                             Good

                           
                        
                        	
                              
                           
                             16

                           
                        
                        	
                              
                           
                             40

                           
                        
                     

                     
                           	
                              
                           
                             Acceptable

                           
                        
                        	
                              
                           
                             20

                           
                        
                        	
                              
                           
                             50

                           
                        
                     

                     
                           	
                              
                           
                             Poor

                           
                        
                        	
                              
                           
                             4

                           
                        
                        	
                              
                           
                             10

                           
                        
                     

                  
               

            

            
                  
                  Table 5

                  Post-operative complication

               

               
                     
                        
                           	
                              
                           
                             Complication

                           
                        
                        	
                              
                           
                             Number of patients (n) 

                           
                        
                        	
                              
                           
                             Percentage (%)

                           
                        
                     

                     
                           	
                              
                           
                             Infection

                           
                        
                        	
                              
                           
                             2

                           
                        
                        	
                              
                           
                             5

                           
                        
                     

                     
                           	
                              
                           
                             Graft necrosis

                           
                        
                        	
                              
                           
                             1

                           
                        
                        	
                              
                           
                             2.5

                           
                        
                     

                     
                           	
                              
                           
                             Fat atrophy 

                           
                        
                        	
                              
                           
                             2

                           
                        
                        	
                              
                           
                             5

                           
                        
                     

                     
                           	
                              
                           
                             Granuloma

                           
                        
                        	
                              
                           
                             2

                           
                        
                        	
                              
                           
                             5 

                           
                        
                     

                     
                           	
                              
                           
                             Recurrence 

                           
                        
                        	
                              
                           
                             1

                           
                        
                        	
                              
                           
                             2.5

                           
                        
                     

                  
               

            

            
                  
                  Figure 11

                  a: Grade 2 socket contraction in the right eye, b: Insertion of a prosthesis after socket reconstruction.
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                  Figure 12

                  a: Grade 3 socket contraction, b: After ocular prosthesis.
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                  Figure 13

                  a: grade 4 socket contraction with a volume deficit; b: prosthesis after dermis fat graft 
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               Discussion

             The unfortunate loss of an eye causing aesthetic disfigurement of the face significantly affects the individual physical,
               psychological, emotional, and social Well-being. So, the replacement of the anophthalmic socket by an appropriate prosthesis
               at the earliest period is significant. On the other hand, adequate conjunctival surface and deep fornices are crucial in supporting
               the cosmetically acceptable prosthesis. Socket contraction is one of the main problems following eye removal. 3, 4 Contraction is a progressive process that reduces socket volume and shortens the conjunctiva and shallow fornices. 3, 6 Management of contracted sockets is challenging. It makes the patient unable to keep the ocular prosthesis in the socket.
               As oculoplastic surgeons, we aim to form a socket with adequate fornices and conjunctival surface and correction of volume
               deficit by having an excellent cosmetic result with the ability to wear an acceptable prosthesis.
            

            In this study, we present our experience with patients suffering from anophthalmic socket syndrome. This literature aims to
               describe the management strategy and evaluate the outcome of ASS.
            

            In a study by Serin D et al., there were 53.72% male and 46.28% female patients, with ages between 1 and 78 years (mean 35.46
               years). In our study, the mean age of presentation was 24.47 years. 55% of patients were from the 20 to 40 age group with
               slight female predominance (female 57.5% and male 42.5%). The slight female predominance of our study may be due to the need
               for knowledge and awareness of females and family members.
            

            In our case series, the most common cause of eye removal was trauma (30%), followed by tumour (25%) and infection (17.5%).
               Pathology was unknown in 15% of cases. The aetiology of eye removal differs from area to area and from country to country.
               In Hirako’s study,7 traumatic cause of eye removal was noted in 40% of the patients. Trauma may play a role in contracture by causing tissue
               loss, promoting inflammation, or disturbing the vascular supply of the socket. 
            

            Among our study population, evisceration was the initial surgery in 16 (40%) patients, while enucleation was done in 24 (60%)
               patients. In a study by Serin D et al., enucleation was the primary surgery in 77.66% of the patients with contracted sockets.
               3 Enucleation itself is reported to be a possible cause of contraction. 4 Intraorbital structures are disrupted more in enucleation surgery than in evisceration. Volume loss and the shortening of
               the conjunctiva must be addressed as two factors to cause contraction after enucleation. 
            

            The primary implant was absent in 20 (50%) of our patients. The implant was extruded in 12 (30%) cases later, and in the rest
               of the 8 (20%) cases, socket contraction occurred despite having a primary implant in situ. 76.06% of patients in a study
               by Serin D et al. did not have a primary implant.3 In Anophthalmic sockets, especially those without implants, it is reported that myofibroblasts may lead to progressive contraction,
               and the degree of contraction of the socket is affected mainly by the timing for eyeball implantation.8  Primary implant placement after enucleation and evisceration must be considered to reduce the possibility of socket contraction.
               9, 10

             Among our 40 patients, 10 (25%) patients had mild socket contraction (grade 1), 25 (62.5%) patients were suffering from moderate
               (grade 2 and 3) contraction, and 5 (12.5%) patients had a severe contraction. In Serin D's study, moderate or severe contraction
               was recorded in 134 (71.28%) patients. 3 Poorly fitted prosthesis or not wearing a prosthesis for prolonged periods, radiation exposure, Infection, severe injury (trauma/chemical
               burns) before orbital or recurrent anophthalmic surgery, poor surgical technique (destruction of conjunctiva, traumatic dissection),
               autoimmune (mucous membrane pemphigoid/Stevens-Johnson Syndrome/toxic epidermal necrolysis are several essential factors to
               result in socket contraction. 1

            In mild socket contraction, fornix forming suture was sufficient to correct the socket contraction (25 % of our cases). Mucous
               membrane grafting is a well-known technique and was the most performed procedure for socket surface expansion in our series
               (67.5% cases). We preferred buccal mucosa. If the volume deficit with contraction persisted, we performed dermis-fat grafting
               (7.5%). Mucous membrane graft is also a well-known technique in other case series. 11, 12, 13

            The degree of contraction inversely correlates with expected surgical outcomes. Mild to moderate sockets will likely have
               good results with MMGs. Severe contraction, volume deficit, and other cicatrizing diseases are associated with poor outcomes.1, 5, 14 Good or acceptable outcome with conjunctival surface and fornices that allowed the artificial eye to be worn was achieved
               in 90% (36 patients) of the patients (Figure  12, Figure  13). The socket remained insufficient in only 10% (4 patients) of the operated eyes. A severe onset of contraction during the
               early years after primary surgery was significantly correlated with poor outcomes. 3

            The common post-operative complication in our case series is infection (5%), granuloma (5%) and fat atrophy (5%) (in dermis
               fat graft cases). The infection rate is usually higher in the presence of systemic immunosuppression or local orbital conditions
               such as prior radiation treatment.15 In dermis fat graft cases, there can be a marked degree of fat atrophy (up to 50%) which can be challenging to predict in
               adults. This can be overcome by intentionally placing more fat in the socket at the time of surgery. 16 Timely detection and proper correction of the underlying condition causing the contraction are likely to improve the result
               of Reconstruction. 
            

         

         
               Conclusion

            Socket reconstruction is often challenging for an oculoplastic surgeon. A contracted socket is not only a functional problem
               as well as a cosmetically disabling entity. Prevention is always better than cure. Scrupulous tissue handling during the primary
               procedure, placement of an adequately sized implant, layered closure over the implant, use of customized prosthesis post-operatively,
               and regular follow-ups may help prevent this debilitating condition. A lifelong follow-up is recommended to minimize subsequent
               complications and for the best outcomes. The treatment and the post-operative period demand a high level of care from the
               patient and the concerned clinician.
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