
Case 1
An 84 year old84-year-old Caucasian male was referred for ophthalmic assessment following a routine optician appointment.  The optician recorded a severely reduced Snellen best corrected visual acuity (BCVA) of 6/20 in the right eye (OD) and a left eye (OS) BCVA of 6/5. Dilated-fundus examination of the right eye showed a suspected macular hole. At initial clinic visit, the patient presented with distorted vision in the right eye for the last 6 months and used glasses for both near and distance vision. There was no significant past ophthalmic history. There was no history of ocular trauma. PHis past medical history included hypertension and hypercholesterolaeeamia. This was being managed with amlodipine and ezetimibe, respectively. There was no relevant family history. He was a former smoker. There was no relevant family history.
On examination, the BCVA had deteriorated to 6/36 ODin the right eye, with stable left eye BCVA of 6/5 OS. Intraocular pressure (IOP) was 19mmHg in both eyes with applanation tonometry. Anterior segment examination was unremarkable. Bilateral (1+) nuclear sclerotic cataracts were discovered in addition to (1+) cortical cataract in the right eyeshowed bilateral cataracts. Ocular Coherence Tomography (OCT) confirmed the diagnosis of a Gass stage 3, full thickness idiopathic macular hole in the right eye measuring approximately 517 microns on optical coherence tomography.
Subsequently, he underwent uneventful routine right eye combined phacoemulsification with intraocular lens implantation, transconjunctival 23-gauge (23-g) pars plana vitrectomy with internal limiting membrane (ILM) peel and gas gas (C2F6) tamponade. Posterior hyaloid face separation was achieved with aspiration and a core and peripheral vitrectomy was performed. Blue dual was used to stain the macula and was then removed with aspiration after one minute. A high magnification BIOM lens was used to view the peeling procedure. The ILM was peeled by creating a flap with an MVR blade and then gently dissected with 23-g end-gripping forceps. A peel radius of approximately one-disc diameter was performed. 16% C2F6 gas was used as a tamponade agent. Surgery was performed by an experienced surgeon under a local anaesthetic. Retinopexy and cryotherapy was also performed to treat a peripheral retinal tear. Phacoemulsification of the right eye was simultaneously performed with intraocular lens implantation. Post-operatively, the patient was administered 1mg intracameral cefuroxime and 2mg subconjunctival betamethasone. Post-operatively tThe patient was instructedadvised to posture face down during the daytime and lie in a lateral position whilst sleeping for five days. He was prescribed guttae Maxitriol (dexamethasone, polymyxin B sulphate, neomycin)eye drops four times a day for 28 days (one drop QDS for four weeks) and Mydrilate guttae Cyclopentolate 1% eye drops (one drop BDtwo times a day for 14 days for two weeks), and and discharged the next day.
One week following the operation, the patient presented to eye casualty with a red, sore and watering right eye. He complained of ‘lines’ present in his central vision. On examination, there was a quiet anterior chamber with 60% intravitreal gas fill and flat retina. This was assumed to be part of the usual recovery process post-vitrectomy as this represents the visualisation of the surface of the gas tamponade. 
The patient was reviewed in the outpatient clinic threetwo weeks following attendance to eye casualtysurgery. He stated the ‘lines’ in his vision were no longer present. Right eye BCVA was 6/60 OD and left eye BCVA was 6/4 OS. IOP in the right eye was 18mmHg and left eye was 16mmHg. Dilated fundus examination showed aA 30% intravitreal gas fill and flat retinawas noted. The macular hole was 330 microns, open and with elevated edges. No post-operative complications were identified. Outpatient review six weeks later showed the macular hole had still not completely closed. The patient missed further follow-up appointments to discuss the option of re-operating and the emergence of COVID-19 further delayed these discussions. However, spontaneous closure of the macular hole unexpectedly occurred 10 months post-operatively. 




Case 2 
A 72-yYear-old Caucasian female was referred from a routine optician appointment for further assessment of the retina in a vitreoretinal ophthalmic clinic followingdue to deterioration of vision in the patient’s left eye vision. The patient had a past medical history of hypertension and a family history of blindness due to glaucoma and maternal grandmother of unknown cause of bilateral blindness in her maternal grandmother and sister. There was no relevant social history. On examination the left eye BCVA  worsened from 6/6 to 6/182 OS. On examination the patient was found to have a left eye Gass stage II macular hole and a right eye partial thickness macular hole with vision of 6/9 OD.. 	Comment by rishika.chaudhary@icloud.com: Size of hole?	Comment by Diya Baker: Unable to find this on Medisoft , please could you help.	Comment by Diya Baker: 	Comment by rishika.chaudhary@icloud.com: Vision in the RE?
In the subsequent month the patient underwent left transconjunctival 23-g pars plana vitrectomy with gaswith internal limiting membrane (ILM) peel and C2F6 gas tamponade, however the vision remained unimproved at 6/18 OS in the left eye . On examination in follow up clinics subsequent to the operation the patient’s left macular hole remained open.	Comment by rishika.chaudhary@icloud.com: Which gas?	Comment by rishika.chaudhary@icloud.com: What was the vision? Did the patient have an ILM peel? Did the patient posture?	Comment by rishika.chaudhary@icloud.com: Size of hole post-operatively?	Comment by Diya Baker: 
Approximately 11 weeks following surgery the patient attended the 3rd follow- up clinic appointment and noted that her vision had drastically improved in the last week. On examination the left eye macular hole was found to be closed with BCVA 6/9. OCT of the left eye noted post- operative macula thickening and early bilateral epiretinal membrane.
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Discussion 
Idiopathic macular holes are most prevalent in the sixth and seventh decades of life with approximately two-thirds of patients being female. Although the aetiology is unknown, a range of risk factors have been proposed including; myopia, retinal detachment, hypertension and diabetic retinopathy.(1). Classification of macular holes is important to determine treatment and prognosis (Table 1).(2)	Comment by rishika.chaudhary@icloud.com: reference
	Stage 
	Description
	Prognosis

	1
	1a: Foveal detachment with lipofuscin coloured spot at fovea.
1b: Occult hole with lipofuscin coloured ring
	50% spontaneously close without treatment.
40% progress to full thickness macular holes.

	2
	Full thickness macular hole with diameter <400 microns, vitreous attached to macula
	15% spontaneously close without treatment. 
75% progress.

	3
	Full thickness macular hole with diameter >400 microns, vitreous attached to macula. Operculum may be seen in front of lesion.
	<5% spontaneously close without treatment.
50% progress.

	4
	Full thickness macular hole with diameter >400 microns, vitreous detached from macula.
	<<5% spontaneously close without treatment.
20% progress. 



Spontaneous closure, particularly in stage 3 and 4 idiopathic macular holes, is a rare event.. (3)  (2-5) ThereforeTherefore, surgical intervention is necessary and routinely performed. Success rate following primary macular hole surgery is more than 90%. (3-6)	Comment by rishika.chaudhary@icloud.com: reference
Despite this, the incidence of persistent macular holes post-operatively is reportedly between 4% and 13% . Re-operating on persistent macular holes is standard practice with a recent meta-analysis demonstrating 78% success rate. .(7,8)6,7)	Comment by rishika.chaudhary@icloud.com: ref
This case report highlights three important areas of enquiry; firstly1) the prognostic factors which lead to failure of primary macular hole surgery, secondly 2) the factors which led to delayed spontaneous closure of macular holes post-operatively 3)and thirdly, potential hypotheses for delayed macular hole closure. A review of the literature demonstrated similar, albeit comparatively shorter, closure of persistent stage 3 macular holes post-operatively.  Afrashi et al. reported an eight month delay in macular hole closure for a 57 year old female and other than the patient’s age and demographics, other differences included absence of ILM peeling and larger pre-operative macular hole size (671 microns), both poor prognostic factors. (8,9,10). 	Comment by rishika.chaudhary@icloud.com: did they have a hypothesis on late closure?
A longer-acting gas tamponade (C2F6)3F8) was utilised, which is likely to increase closure rates, particularly for macular holes greater than 400 microns.(10) Furthermore face-down posturing was utilised despite being the subject of much debate with its benefits suggested more so for larger macular holes (>400 microns). (10,11)) The lack of evidence investigating the effect of individual prognostic factors makes it difficult to suggest why our patient experienced delayed macular hole closure.(109-11-12) 	Comment by rishika.chaudhary@icloud.com: ref	Comment by rishika.chaudhary@icloud.com: I thought we used C2F6?	Comment by rishika.chaudhary@icloud.com: ref
Our case series also further emphasises an essential question regarding the prospective basic physiology for delayed spontaneous macular hole closure. Undertaking a literature search highlights multiple prominent postulations for possible mechanisms that cause spontaneous late closure of the mMacular hole following surgical intervention.
The first describes the vitrectomy as surgically inducing posterior hyaloid detachment causing a decrease in the distance between the edges of the hole, and puts them together by reducing intraretinal cystoid spaces. The release of the mechanical anterior-posterior traction may be the main reason for the eventual closure of the macular hole. (123)
The second explores the role of ILM peeling theorised to induce glial cell proliferation across the hole and this mechanism may cause the spontaneous closure of macular hole. Odrobina et al have shown the spontaneous closure of following vitrectomy for vitreomacular traction. They observed the full thickness macular hole at 1 week, and its spontaneous closure was seen at 3 weeks after surgery.(143) The ILM peeling in their primary procedure potentially facilitated earlier closure in their case by promoting natural glial proliferation. However, there is little evidence as to the cause of the long time period required or the trigger that incites glial proliferation following such a long time from the operation.(154)
The third theory postulates the compressive forces of C2F6 gas whilst the patient remained in prone positioning of the head that may potentially stimulate healing processes that continues weeks post intervention despite the gas resorbing completely prior. (165) 
We would like to suggest a potential fourth hypothesis. Surgery on the retina may in effect stimulate cell growth; operations on macular holes will cause a concentric pattern of growth around the edges which bridge neuroretinal tissue over the macular hole. This concentric growth may stimulate over a period of time in a chain reaction “domino effect” glial cell proliferation. However, the reason as to what specifically incites this and why this takes such a long period of time to cumulatively resolve the macular hole are questions that remain unanswered.

Perchance there is a combination of all the above three theories that are implicated to varying degrees in the clinical presentations of delayed macular hole closure following vitrectomy. Further collection of this perplexing sequalae with time-lapsed OCT imaging may further elucidate and confirm the basic process for delayed macular hole closure and explore the hypotheses further. 	Comment by rishika.chaudhary@icloud.com:  Surgery could stimulate cell growth, concentric growth of the edges, bridging of neuroretinal tissue over the macular hole. Possibility of delayed glial cell proliferation? However why it takes a long period to occur or what incites it after such a long time still remains unanswered.

Also may want to include a sentence on late closure being something to consider when re-operating early on failed closures. Schumann et al. suggests waiting 6 weeks before re-operating. Schumann RG, Rohleder M, Schaumberger MM, Haritoglou C, Kampik A, Gandorfer A: Idiopathic macular holes: ultrastructural aspects of surgical failure. Retina 2008;28:340–349.




In order to prevent unnecessary additional operations, delayed macular hole closing is necessary to consider as a potential complication of initial surgery. The cases above highlight the need for  stringent watching and waiting prior to re-operation. Schuman et al. suggested a waiting period of 6 weeks prior to re-operating in idiopathic macular holes.(16)  Although, this would be ineffectual as a protocol if implied on the cases above as both cases delayed more than 6 weeks, this suggestion can be considered as a guiding principle.


Learning points from the case
· Importance of recognising potential late closure of Macular holes and allowing sufficient time for closure to occur before re-operating. Larger pre-operative MH size is a significant prognostic factor for re-opening of Macular Hole post-surgical closure.	Comment by rishika.chaudhary@icloud.com: You need to make these points more specific to the case. These will be based on why you are reporting the case 
· Review of patients with MH closure surgery post operatively is vital in order ensure late presenting post-operative complications are picked up and their progression followed.
· Preservation of excellent communication with community disciplines such as opticians and primary care cannot be undervalued in order to act accurately to improve patient care.
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