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INTRAVITREAL ANTI-VEGF TREATMENT IN EYES WITH COMBINED CHOROIDAL NEOVASCULARISATION AND VITREOMACULAR TRACTION SYNDROME

Keywords: 

Purpose: To report the effect of intravitreal anti VEGF injections (IVI) on visual acuity (VA) in eyes with choroidal neovascularisation (CNVM) and coexistent vitreomacular traction (VMT) or when VMT has developed during the course of treatment.

Methods:

Retrospective interventional case series of 7 eyes in 7 patients. VMT was monitored with serial optical coherence tomography scans.

Results:

The mean age at presentation was 74 years (range 64-95 years). All patients presented with blurring of central vision, rather than distortion. The aetiology of the CNVM was wet age-related macular degeneration in 5 eyes (72%), angioid streaks in 1 eye (14%) and pathological myopia in 1 eye (14%). Ranibizumab was used in 4 eyes (57%) and bevacizumab in 3 (43%) for the active CNVM component. The mean follow-up was 11 months (range 2-28 months). None of the eyes in this series required surgery for the VMT component, nor were there any cases of spontaneous resolution of VMT.

Visual acuity was stabilized or improved in 5 of the 7 eyes (71%) with IVI. Visual acuity results across the whole group were gain of 3 or more lines of Snellen visual acuity in 2 eyes (28%), gain of up to 3 lines in 3 eyes (42%), no change in visual acuity in 1 eye (14%) and loss of up to 3 lines in 1 eye (14%). There were no eyes losing more than 3 lines of Snellen visual acuity. In 4 eyes with pre-existing VMT, VA improved in 3 with IVI. In 3 eyes that developed VMT after IVI, VA improved in 2 with IVI. Delay from diagnosis of CNVM to treatment with IVI contributed to a poor response.

Conclusions:

Most eyes improved VA with IVI for combined CNVM and VMT. Despite the often dramatic features of VMT on optical coherence tomography, treatment of co-existing CNVM should be prompt. Vitreoretinal surgery was not required in this series, but is held in reserve if there is still potential for gain in vision following CNVM resolution.

INTRODUCTION

Vitreomacular traction syndrome (VMT) is a distinct clinical entity of abnormal relation between the central retina and the posterior hyaloid face, which can lead to loss of visual acuity and distortion of vision. [START_REF] Reese | Vitreomacular traction syndrome confirmed histologically[END_REF][START_REF] Hikichi | Course of vitreomacular traction syndrome[END_REF][START_REF] Margherio | Surgical management of vitreomacular traction syndromes[END_REF] With the use of optical coherence tomography this condition is much more readily recognized, with antero-posterior traction of the posterior hyaloid on the central retina, distorting macular anatomy. [START_REF] Massin | Optical coherence tomography for evaluating diabetic macular edema before and after vitrectomy[END_REF][START_REF] Schmidt-Erfurth | Three-dimensional ultrahigh-resolution optical coherence tomography of macular diseases[END_REF][START_REF] Maftouhi | Anomalous vitreoretinal adhesions in patients with exudative age-related macular degeneration: an OCT study[END_REF] Choroidal neovascularisation (CNVM), from a variety of aetiological causes, results in an exudative disturbance of the macular anatomy, leading to similar symptoms as VMT. [START_REF] Bird | An international classification and grading system for age-related maculopathy and age-related macular degeneration. The International ARM Epidemiological Study Group[END_REF] Occasionally the situation occurs where the two conditions co-exist, and one may precede the onset of the other. [START_REF] Mojana | The role of abnormal vitreomacular adhesion in agerelated macular degeneration: spectral optical coherence tomography and surgical results[END_REF][START_REF] Krebs | Posterior vitreomacular adhesion: a potential risk factor for exudative age-related macular degeneration?[END_REF] Recently, the mainstay of treatment for CNVM has become the use of intravitreal injections of agents that neutralize vascular endothelial growth factor (VEGF), such as pegaptanib, ranibizumab or bevacizumab (IVI). [START_REF] Gragoudas | Pegaptanib for neovascular age-related macular degeneration[END_REF][START_REF] Rosenfeld | Ranibizumab for neovascular age-related macular degeneration[END_REF][START_REF] Brown | Ranibizumab versus verteporfin for neovascular age-related macular degeneration[END_REF][START_REF] Giansanti | Intravitreal bevacizumab therapy for choroidal neovascularization secondary to age-related macular degeneration: 6-month results of an open-label uncontrolled clinical study[END_REF] However, little attention has been paid in the literature to the management of eyes in which both CNVM and VMT co-exist.

In the present study, we report our experience in a series of 7 patients treated for choroidal neovascularisation, who had either the onset or worsening of VMT after the start of antiVEGF injections.

METHODS

A retrospective descriptive interventional case series of eyes with VMT and co-existing CNVM was carried out. For the purpose of this study, data were collected on the patient demographics, ocular co-morbidity, fluorescein angiographic features of the CNVM, aetiology of the CNVM, timing of onset or worsening of VMT in relation to the CNVM, optical coherence tomography (OCT) features and treatment details of eyes in this series. Supplemental angiography with indocyanine green was performed only if there was insufficient information on the fluorescein angiography to make a definitive angiographic diagnosis.

Optical coherence tomography scans (3D OCT-1000 Optical Coherence Tomographer, Topcon, Paramus, NJ, USA) were carried out at each visit. We collected Snellen visual acuity data at study entry and at final visit and length of follow-up. If there was a delay from presentation to the initiation of antiVEGF treatment, the Snellen visual acuity at the intravitreal injection (IVI) visit was recorded and used as the baseline visual acuity for comparison with the final visual acuity. We separated those eyes that developed VMT after CNVM treatment had commenced from those that had pre-existing VMT but also developed CNVM. The type of antiVEGF injections, ranibizumab or bevacizumab was also recorded. All data were held in an anonymous computerised database. The study had the approval of our Institutional Ethics Review Board.

RESULTS

The results from this series are summarised in Tables 123456. There were 7 eyes of 7 patients with co-existing CNVM and VMT, that required treatment with anti VEGF intravitreal injections (IVI) for the CNVM component. Table 1 lists the patient demographics and ocular features at presentation. All patients in this series were Caucasian, four were female (57%) and 3 were male (43%). The mean age at presentation was 74 years (range 64-95 years). All patients presented with blurring of central vision, rather than distortion. One patient had significant cataract (14%) and 1 other had nonproliferative diabetic retinopathy (14%). Only one of the patients (patient F) had been treated 14 months earlier for CNVM with verteporfin photodynamic therapy (PDT) and bevacizumab and had a reactivation of the CNVM at the time of the present study.

The aetiology of the CNVM is detailed in Table 2. A diagnosis of wet age-related macular degeneration (AMD) was made in 5 eyes (72%), angioid streaks in 1 eye (14%) and pathological myopia in 1 eye (14%). The fluorescein angiographic features of the CNVM were ascertained and described according to Macular Photocoagulation Study and updated criteria (Table 3). [START_REF]Subfoveal neovascular lesions in age-related macular degeneration. Guidelines for evaluation and treatment in the macular photocoagulation study. Macular Photocoagulation Study Group[END_REF][START_REF] Yannuzzi | Idiopathic polypoidal choroidal vasculopathy (IPCV)[END_REF][START_REF] Yannuzzi | Review of retinal angiomatous proliferation or type 3 neovascularization[END_REF] The CNVM was diagnosed as classic with no occult component in 1 eye (14%), predominantly classic in 1 eye (14%) and minimally classic in 1 eye (14%). Occult CNVM was diagnosed in 2 eyes (28%), 1eye (14%) showed features of retinal angiomatous proliferation, and 1(14%) had angiographic characteristics of idiopathic polypoidal choroidal vasculopathy (IPCV).

In our series of 7 eyes of 7 patients with co-existing VMT and active CNVM, 4 eyes (57%) were treated with intravitreal injections of ranibizumab and three (43%) with bevacizumab for the active CNVM component. The mean follow-up was 11 months (range 2-28 months). None of the eyes in this series required surgery for VMT. Visual acuity was stabilized or improved in 5 of the 7 eyes (71%) with IVI. Visual acuity results across the whole group were gain of 3 or more lines of Snellen visual acuity in 2 eyes (28%), gain of up to 3 lines in 3 eyes (42%), no change in visual acuity in 1 eye (14%) and loss of up to 3 lines in 1 eye (14%). There were no eyes losing more than 3 lines of Snellen visual acuity.

To examine the timing of onset or worsening of VMT in relation to the CNVM, this series was divided into those eyes with VMT and CNVM at presentation and those eyes that had CNVM and subsequently developed VMT after IVI initiation. There were 4 eyes of 4 patients (Table 4, patients A-D) in our series of 7 eyes (57%) that had pre-exisiting OCT features of VMT at the time of diagnosis of active CNVM. All of these eyes had the presence of subretinal fluid on OCT scan as well as the presence of hyaloid face traction on the macular surface, which increased with IVI (Figures 1 and2). All of these eyes were treated with IVI, with three eyes (75%) receiving ranibizumab and one eye (25%) receiving bevacizumab. Patient A, who had AMD and non-proliferative diabetic retinopathy, improved in visual acuity from 6/60 to 6/7.5 with IVI. On final OCT scan no subretinal fluid or fibrosis was noted but a worsening of VMT was noted. This eye received 3 injections of bevacizumab before the VMT increase and one after. Patient B, with AMD, improved in visual acuity from 6/24 to 6/18 with 2 IVI treatments. The final OCT confirmed the presence of intraretinal fluid, increased VMT, pigment epithelium detachment (PED) and elements of subfoveal fibrosis, so further IVI was not recommended. Patient C, with AMD that presented with a visual acuity of 6/24, worsened from a pre-treatment visual acuity of 6/60 to 6/90, with 1 IVI before progression of VMT and 1 IVI after progression of VMT. This eye had developed subfoveal fibrosis, so further intervention was not recommended. Final OCT showed intraretinal fluid and an increase in VMT. Patient D had the features of idiopathic polypoidal choroidal vasculopathy (IPCV) with no previous treatment. This eye received two injections of ranibizumab before the VMT increase and none after. The final OCT confirmed the presence of cystic intraretinal fluid and increased VMT. No subretinal fluid or fibrosis was noted and as visual acuity had improved from 6/18 to 6/12, with minimal residual activity of the CNVM, further IVI was not required.

Three eyes out of 7 (43%) did not have VMT on OCT scan when they started IVI for active CNVM (Table 5). After initiation of IVI, they developed antero-posterior traction from the vitreous to the macula (Figure 3). All of these eyes were treated with IVI, with one eye (33%) receiving ranibizumab and two eyes (67%) receiving bevacizumab. Patient E, with AMD and a retinal angiomatous proliferation lesion, did not improve vision from 6/60. At final visit there was a fibrosed retinal pigment epithelial detachment, with VMT on OCT scan. This eye had received 3 injections of ranibizumab before VMT onset and none after. Patient F developed CNVM from angioid streaks and had previously received 2 injections of bevacizumab and verteporfin photodynamic therapy for recurrent CNV 14 months before current reactivation. Follow-up was 15 months (4 months after the onset of VMT). The visual acuity improved from 6/18 to 6/9 and the final OCT confirmed the presence of intraretinal fluid, VMT and elements of subretinal fibrosis. Four injections of bevacizumab were given before the VMT onset and one after. Patient G with pathological myopia was followed up for 28 months (18 months after the onset of VMT). The visual acuity improved from 6/60 to 6/9 with IVI. The last OCT confirmed the presence of VMT and elements of subretinal fibrosis. A total of three injections of bevacizumab were administered before onset of VMT and four after.

The effect of the delay from diagnosis to treatment of CNVM on visual acuity change in this series was also ascertained (Table 6). In 2 of the 7 eyes (29%) there was no delay from diagnosis to IVI treatment, in 3 eyes (42%) there was a delay of 1 month and in 2 eyes (29%) there was a delay of 2 months. The final visual acuity was 6/9 in both eyes with no treatment delay, despite starting visual acuities of 6/18 and 6/60 after a follow-up period of 8 and 12 months after the last injection respectively. In the 3 eyes that had a delay of 1 month, visual acuity improved in 2 eyes (to 6/7.5 from 6/60 and to 6/12 from 6/18), but in 1 eye the visual acuity deteriorated from 6/60 to 6/90. In the 2 eyes that waited 2 months for initiation of IVI, the visual acuity stayed the same in 1 eye (visual acuity on presentation was 6/24 deteriorating to 6/60 during the 2 month delay) and in the other the improvement was 1 Snellen line from 6/24 to 6/18 (visual acuity on presentation was 6/18 and deteriorating to 6/24 during the 2 month delay).

DISCUSSION

Choroidal neovascularisation (CNVM) is an endpoint that is common to several underlying conditions, that disturbs macular function due to disruption of normal anatomical structures by intraretinal, subretinal or sub-retinal pigment epithelial fluid or haemorrhage. [START_REF] Bird | An international classification and grading system for age-related maculopathy and age-related macular degeneration. The International ARM Epidemiological Study Group[END_REF] Vitreomacular traction (VMT) is a condition in which the vitreous gel has an abnormally strong adhesion to the macular retina. [START_REF] Reese | Vitreomacular traction syndrome confirmed histologically[END_REF][START_REF] Hikichi | Course of vitreomacular traction syndrome[END_REF][START_REF] Margherio | Surgical management of vitreomacular traction syndromes[END_REF] Over time, the vitreous can pull forward distorting the retina and causing diffuse cystoid macular edema, associated with a thickened, taut, and glistening posterior hyaloid face. [START_REF] Hikichi | Course of vitreomacular traction syndrome[END_REF][START_REF] Massin | Optical coherence tomography for evaluating diabetic macular edema before and after vitrectomy[END_REF] The 2 conditions cause similar symptoms, with central visual blurring or distortion and occasionally the situation occurs where both co-exist. [START_REF] Maftouhi | Anomalous vitreoretinal adhesions in patients with exudative age-related macular degeneration: an OCT study[END_REF][START_REF] Mojana | The role of abnormal vitreomacular adhesion in agerelated macular degeneration: spectral optical coherence tomography and surgical results[END_REF][START_REF] Ondes | Role of the vitreous in age-related macular degeneration[END_REF] Though both CNVM and VMT have been well described in the literature, little attention has been paid to the situation where both conditions either co-exist or 7 VMT occurs after initiation of treatment for CNVM with intravitreal antiVEGF agents (IVI). In this study, we report our experience of the management of such eyes.

Visual acuity was either stabilized or improved in the majority of eyes (86%) in this study despite onset or worsening of VMT after initiation of IVI treatment for CNVM. One eye (14%) lost less than 3 Snellen visual acuity lines, but none lost greater than 3 lines in this unusual situation. In 4 eyes, with pre-existing VMT, IVI treatment improved visual acuity in 3 (75%) and in 3 eyes that had the onset of VMT after initiation of IVI, visual acuity improved in 2 (67%).

Although our series is small, retrospective and non-randomised, we would recommend treatment of the CNVM with IVI despite the presence of VMT. Our experience has been dissimilar to that of Mojana and associates, 8 who reported the use of surgery for VMT in 5 eyes that were refractory to CNVM treatment with IVI. A modest improvement in vision was found in that study with surgical removal of the posterior hyaloid face, and VMT may have formed a physical or chemical barrier to the resolution of macular anatomy. In our experience, either the visual acuity improved despite VMT, to a level above which the risks of surgical intervention outweighed the benefits or subfoveal fibrosis developed and surgery was deemed inappropriate. If there were still further potential to improve vision by VMT surgery, then this option would have been explored. Spontaneous resolution of VMT to form a posterior vitreous detachment occurred in 11% of eyes by 5 years in one report. [START_REF] Hikichi | Course of vitreomacular traction syndrome[END_REF] In our cases, none of the eyes had spontaneous resolution. Additionally, none of the eyes in this series had resolution of VMT from IVI, though this has been reported in a case of ranibizumab IVI used in diabetic macular oedema. [START_REF] Rouvas | Spontaneous resolution of vitreomacular traction following ranibizumab (Lucentis) injection[END_REF] It is interesting to note that both patients that started treatment on presentation improved their visual acuity to better than 6/9 at the end of the follow-up period. Delay in initiation of IVI therapy can occur if there is diagnostic confusion, as the appearance of VMT, particularly on OCT scans, can be dramatic. Eyes in this series that waited 1 or more months after the diagnosis of CNVM had modest improvement of vision at best, with only 1 exception that improved to 6/7.5. Although this study comprises a small number of eyes, we advocate use of IVI for CNVM as soon as the diagnosis is made even in eyes where the 2 conditions co-exist or VMT occurs and the CNVM remains active. If the CNVM is then controlled with IVI, and the eye still has potential to improve surgery for VMT may then be appropriate decided on a case-by-case basis. It is possible and probable that there will be cases where there will be benefit from surgery, but the AMD component should be treated with IVI adequately. Apportioning blame between the 2 conditions is difficult. Pointers include sequence of vision loss matching the onset of CNVM or VMT (which may be difficult to determine), change after the AMD component has stabilized, decrease of subretinal fluid with increase in distortion or predominant distortion (more likely to be related to VMT).

An implicating role for persistent VMT in eyes developing exudative macular degeneration has been suggested in several reports, but there is no consensus on a proposed mechanism. [START_REF] Maftouhi | Anomalous vitreoretinal adhesions in patients with exudative age-related macular degeneration: an OCT study[END_REF][START_REF] Krebs | Posterior vitreomacular adhesion: a potential risk factor for exudative age-related macular degeneration?[END_REF][START_REF] Ondes | Role of the vitreous in age-related macular degeneration[END_REF][START_REF] Weber-Krause | Incidence of posterior vitreous detachment in eyes with and without age-related macular degeneration. An ultrasonic study[END_REF][START_REF] Schulze | Vitreomacular traction and exudative age-related macular degeneration[END_REF] In these reports, different hypotheses have been formulated to explain the role of vitreomacular adhesion in AMD, focusing on both mechanical and biochemical factors underlying the observed phenomenon.

In the mechanical hypothesis, it is proposed that a pigment epithelial detachment may be induced by vitreomacular traction, which by exerting tangential forces may cause a rip of the retinal pigment epithelium or stimulate CNVM formation. [START_REF] Schulze | Vitreomacular traction and exudative age-related macular degeneration[END_REF][START_REF] Meyer | Retinal pigment epithelial tear with vitreomacular attachment: a novel pathogenic feature[END_REF] In the biochemical theory, VMT is proposed to induce hypoxic damage, causing an increase in growth factors such as VEGF to stimulate CNVM formation. [START_REF] Spaide | Choroidal neovascularization in age-related macular degeneration--what is the cause?[END_REF] However, the effect of VMT alone is unlikely to induce CNVM, as environmental, genetic and inflammatory factors are likely to play a large role in pathogenesis. [START_REF] Schulze | Vitreomacular traction and exudative age-related macular degeneration[END_REF] A posterior vitreous detachment assessed by ultrasound examination has been found to be protective against ARMD regardless of exudative or non-exudative ARMD in one series, [START_REF] Ondes | Role of the vitreous in age-related macular degeneration[END_REF] which may be important as a quarter of the population aged over 80-years-old may not have a complete posterior vitreous separation. [START_REF] Perichon | Ultrasonographic study of posterior vitreous detachment in emmetropic eyes[END_REF] Conversely, posterior vitreous detachment was not found to be associated with AMD in a large series of eyes examined clinically and with ultrasound. [START_REF] Hayreh | Posterior vitreous detachment: clinical correlations[END_REF] In a more recent study, VMT assessed by OCT was associated with the exudative form of ARMD in 36% of eyes versus 7% in dry ARMD and 10% in controls. [START_REF] Krebs | Posterior vitreomacular adhesion: a potential risk factor for exudative age-related macular degeneration?[END_REF] VMT is best demonstrated by OCT scan, and with OCT guided treatments of CNVM, it is likely that the discovery of VMT in eyes thought only to have CNVM on fluorescein angiography will become more common. [START_REF] Gallemore | Diagnosis of vitreoretinal adhesions in macular disease with optical coherence tomography[END_REF][START_REF] Lalwani | A variable-dosing regimen with intravitreal ranibizumab for neovascular age-related macular degeneration: year 2 of the PrONTO Study[END_REF] The vitreous macula interface has been found to be strongly adherent in eyes having verteporfin photodynamic therapy [START_REF] Schmidt | High incidence of vitreomacular traction in recurrent choroidal neovascularisation after repeated photodynamic therapy[END_REF] or submacular surgery [START_REF] Lambert | Surgical excision of subfoveal neovascular membranes in age-related macular degeneration[END_REF] for CNVM treatment.

In our study, none of the patients had to undergo vitreoretinal surgery and the majority responded well to the antiVEGF treatment despite the onset or the increase of vitreomacular traction.

Although further clinical studies with larger numbers of patients are needed, our study suggests that prompt treatment for the CNVM component should be initiated for the best chance of visual improvement 

Figure 1 A

 1 Figure 1

Figure 2 A

 2 Figure 2 A. Colour fundus photograph of a 71-year-old female (Case D) presenting with an occult CNVM on fluorescein angiogram (B.) and the presence of idiopathic polypoidal choroidal vasculopathy on indocyanine green angiogram (C.). Baseline OCT scan (D.) showed vitreomacular traction, which increased after 2 injections of intravitreal antiVEGF therapy (E.). Visual acuity improved from 6/18 to 6/12.

Figure 3 A

 3 Figure 3 A. Colour fundus photograph of a 65-year-old male (Case E) presenting with an occult CNVM and retinal angiomatous proliferation on fluorescein angiogram (B). Baseline OCT scan (C.) did not show vitreomacular traction, which developed after 3 injections of intravitreal antiVEGF therapy (D.). Visual acuity remained 6/60.

Table 1 .

 1 Patient demographics.

	Features	Number (%)	
		N=7	
	Age (years)		
	Mean ( Range)	73 ( 64-95)	
	Race		
	Caucasian	7 (100)	
	Sex		
	Male	3(43)	
	Female	4(57)	
	Ocular co morbidity		
	Cataract	1(14)	
	Diabetic retinopathy(NPDR)	1(14)	
	Ocular symptoms		
	Decreased visual acuity	7 (100)	
	Previous Treatments		
	Bevacizumab+PDT	1(14)	
	None	6(86)	
	PDT = verteporfin photodynamic therapy	
			Table 2. Choroidal neovascular
	Aetiology	Number (%)	membrane aetiology
		N=7	
	AMD	5 (72)	
	Angioid streaks	1(14)	
	Myopia	1(14)	
			Table 3. Choroidal neovascular
	Subtype	Number (%)	membrane subtype on fluorescein
		N=7	angiography
	Classic	1(14)	
	Predominantly classic	1(14)	
	Minimally classic	1(14)	
	Occult CNV	2(28)	
	IPCV	1(14)	
	RAP	1(14)	

Table 5 .

 5 Patients with vitreomacular traction onset after VEGF treatment N=3 (E-G)

	Patient Age	sex Diagnosis	Baseline best	Number of antiVEGF	Number of	Final best	Follow-up
		years		(CNVM	corrected	injections before	antiVEGF	corrected	(months)
				subtype)	Snellen visual	VMT onset	injections after	Snellen visual	
					acuity		VMT onset	acuity	
	E	65	M	RAP(Occult)	6/60	3	0	6/60	10
	F	64	M	Angioid	6/18	4	1	6/9	15
				streaks					
				(Occult)					
	G	65	F	Myopic CNV	6/60	3	4	6/6	28
				(Minimally					
				classic)					
			M=male					
			F=female					

Table 6 .

 6 Time interval between presentation and treatment and effect on visual acuity N=7(A-G)

	Patient	Best corrected Snellen	Best corrected Snellen	Final best corrected	Interval between	Interval between fin
		visual acuity on	visual acuity on first	Snellen visual acuity	presentation and first	injection and final
		presentation	treatment		treatment(months)	follow-up (months)
	A	6/24	6/60	6/7.5	1	3
	B	6/18	6/24	6/18	2	4
	C	6/24	6/60	6/90	1	1
	D	6/18	6/18	6/12	1	4
	E	6/24	6/60	6/60	2	5
	F	6/18	6/18	6/9	0	8
	G	6/60	6/60	6/6	0	12