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Retinal oximetry during treatment of retinal vein occlusion by ranibizumab in patients with high blood

pressure and dyslipidemia

INTRODUCTION

Retinal Vein Occlusion (RVO) constitutes the second most common cause of retinal vascular disease after diabetic retinopathy. The prevalence of RVO is between 1% and 2% in patients older than 40 years [START_REF] Rogers | International Eye Disease Consortium. The prevalence of retinal vein occlusion: Pooled data from population studies from the United States, Europe, Asia, and Australia[END_REF]. The pathogenesis is multifactorial and still unclear. The prognosis of RVO is influenced by the location of the occlusion, by the extent of retinal non perfusion [START_REF] Wong | Clinical practice. Retinal-vein occlusion[END_REF][START_REF] Mcintosh | Natural history of central retinal vein occlusion: an evidence based systematic review[END_REF][START_REF] Tranquart | Doppler assessment of hemodynamic changes after hemodilution in retinal vein occlusion[END_REF] and by the secondary Macular Edema (ME). The RVO can lead to irreversible visual loss.

When RVO occurs, retinal perfusion is impaired but does not stop, indicating that collateral outflow is considerably expanded. Collateral capacity in symptomatic cases is not enough to ward off an increase retinal venous pressure, venous dilation, retinal hemorrhage, retinal edema. Studies have shown a reduction in retinal venous blood flow after RVO. Reduction of blood flow leads to retinal hypoxia [START_REF] Arvas | The capillary blood flow in ischaemic type central retinal vein occlusion: the effect of laser photocoagulation[END_REF] and upregulation of Vascular Endothelial Growth Factor (VEGF), which would lead to vasodilatation and hyperperfusion. This response is inappropriate in RVO leading to ischemia and edema. Until intravitreal VEGF inhibitors became available it was unknown to which extent VEGF upregulation is responsible for the clinical manifestations of RVO. Hence, VEGF inhibition may improve retinal blood flow and oxygenation by promoting collateral formation or capillary perfusion. Intravitreal treatment with ranibizumab reduces the progression of retinal capillary non-perfusion in RVO [START_REF] Campochiaro | Vascular endothelial growth factor promotes progressive retinal non perfusion in patients with retinal vein occlusion[END_REF].

As a component of multimodal retinal imaging, studies show that oximetry may help produce an integrated overview of the pathophysiology of RVO and the effect of therapeutic VEGF inhibition [START_REF] Jaime | Acute variations in retinal vascular oxygen content in a rabbit model of retinal venous occlusion[END_REF][START_REF] Traustason | Retinal vascular oximetry during ranibizumab treatment of central retinal veinocclusion[END_REF]. High Blood Pressure (HBP) is a universally agreed RVO risk factor. Other RVO risk factors, though not universally agreed upon, include advancing age, arteriolosclerosis, diabetes, dyslipidemia, blood hyperviscosity, thrombophilia, ocular hypertension and glaucoma.

However, no studies using oximetry has evaluated the effect of anti VEGF in patients with RVO and having two cardiovascular risk factors : HBP and dyslipidemia. Yet, it might help us to confirm the role of HBP and dyslipidemia in RVO. In the present study, we examined retinal vascular oxygen saturation in patients with RVO presenting HBP and dyslipidemia before and during intravitreal VEGF inhibition. P values for the analysis of the primary endpoint were obtained using the test of Wilcoxon signed rank, with p <0.05 considered statistically significant.

METHODS

RESULTS

Six eyes of six patients were included. Analysis of the patient's characteristics (Table 1) showed that the average age was 77.8 ± 4.4 years (mean ± standard deviation). The sex ratio was 1:1.

Before treatment, the mean (standard deviation, SD) of the retinal venous saturation (%) was 38,1 ± 14,2. Three months after injections, the mean (SD) of the retinal venous saturation (%) increased statistically significantly 49,2 ± 11 (p = 0,03) (Table 2 and figure 1).

Regarding retinal arterial saturation (%), the mean (SD) was 94,1 ± 6,2 before treatment. The mean (SD) of the retinal arterial saturation did not change significantly during the treatment period 99,6 ± 0,81 (p = 0,12). Before treatment, the mean (standard deviation, SD) of BCVA was 59,8 ± 11. Three months after injections, the mean (SD) of the BCVA increased statistically significantly 72,2 ± 8,6 (p = 0,03). The mean of CMT (SD) was 495,6 ± 135,2 before treatment. Three months after injections, the mean (SD) of the CMT decreased statistically significantly to 268,6 ± 57,8 (p = 0,03) (table 3). Oximetry results on fellow eyes are not mentioned because they were normal and no RVO was found. Regarding tolerance, no cases of endophthalmitis or systemic side effects were highlighted. Blood pressure value at diagnosis for each patient is mentioned in table 4. Pearson correlation coefficient was calculated between blood pressure values and retinal venous saturation before and after intravitreal ranibizumab injection. There was a highly negative correlation between systolic blood pressure at diagnosis and retinal venous saturation at diagnosis r = -0,89. There was a highly negative correlation between systolic blood pressure at diagnosis and retinal venous saturation after intravitreal ranibizumab injection r = -0,76. There was a negative correlation between diastolic blood pressure at diagnosis and retinal venous saturation at diagnosis r = -0,58. There was a negative correlation between diastolic blood pressure at diagnosis and retinal venous saturation after intravitreal ranibizumab injection r = -0,60 (figure 2, 3, 4, 5). LDL-cholesterol value for each patient is not mentioned because it was measured before the diagnosis of RVO by the general practitioner.

DISCUSSION

In this study, retinal venous oxygen saturation in patient with RVO was partially normalized during intravitreal ranibizumab treatment which is in agreement with previous studies [START_REF] Traustason | Retinal vascular oximetry during ranibizumab treatment of central retinal veinocclusion[END_REF][START_REF] Hardarson | Oxygen saturation in central retinal vein occlusion[END_REF]. Retinal artery oxygen saturation was not reduced in eyes with RVO. Systolic and diastolic blood pressure at diagnosis was higher in patients with the lowest mean of retinal venous saturation before and after intravitreal ranibizumab injection. Systolic and diastolic blood pressure at diagnosis seems to be highly correlated to retinal venous saturation before and after intravitreal ranibizumab injection. No studies have, to our knowledge, evaluated the effect of ranibizumab on venous oxygen saturation in patients with RVO specifically associated with HBP and dyslipidemia. Our study shows that HBP and dyslipidemia did not modify the action of ranibizumab on retinal venous saturation improvment.

A limitation of this study is the lack of a control group and the small number of patients. Another limitation is the lack of comparison of retinal venous saturation with a group of patient presenting RVO without HBP and dyslipidemia. The duration of 3 months follow-up is less than some studies where it is around 6 months. Beyond this period, we found that monitoring was difficult because many patients were lost to follow-up. In addition, values of LDL-cholesterol are not mentioned.

It is unknown how retinal vessel oxygenation develops in the untreated eye with RVO and we therefore only have baseline values to compare with. VEGF inhibition has a dramatic effect on vascular leakage and retinal thickening in RVO. The physiopathology of the ME in RVO is different from the one that occurs after a cataract surgery [START_REF] Keilani | Evaluation of best corrected visual acuity and central macular thickness after intravitreal dexamethasone implant injections in patients with Irvine-Gass syndrome: A retrospective study of six cases[END_REF]. There is reason to suspect that treatment may alter the normal course of vessel and perfusion vascular remodeling [START_REF] Eliasdottir | Venous oxygen saturation is reduced and variable in central retinal veinocclusion[END_REF]. This includes reduction in arteriovenous passage time with increasing duration of RVO and capillary closure, with unchanged retinal blood flow but possibly a poorer oxygen extraction. Furthermore, evolution of venous saturation in BRVO is different than in CRVO. Studies have shown that in BRVO venous saturation is highly variable between patients: hypoxia is seen in some eyes but not in others [START_REF] Hardarson | Oxygen saturation in branch retinal vein occlusion[END_REF]. This may reflect variable severity of disease, degree of occlusion, recanalization, collateral circulation, tissue atrophy, arteriovenous diffusion or vitreal transport of oxygen. In our study, hypoxia was seen in all eyes with BRVO.

In conclusion, retinal venous saturation increase during treatment with intravitreal ranibizumab in patients with RVO associated with HBP and dyslipidemia.

Tables and figures:

Table 1 : Characteristics of the study population 

  We retrospectively reviewed the medical records of six patients with visual acuity (VA) reduced by ME secondary to RVO presenting HBP and dyslipidemia who underwent intravitreal injection of anti-VEGF between October 2014 and February 2015 in the department of ophthalmology of François Quesnay hospital at Mantes-la-Jolie (France). Patients didn't have any treatment for HBP and dyslipidemia between October 2014 to February 2015. The main inclusion criterion was the presence of RVO with ME and declined VA . The diagnosis of RVO with ME was established on the retina funduscopic examination, on the Optical Coherence Tomography (OCT), the fluorescein angiography and the retinal oximetry. The decline in VA was assessed by the Early Treatment Diabetic Retinopathy Study (ETDRS) scale. ME was defined in the spectral domain OCT. Exclusion criteria were chronic glaucoma untreated and uncontrolled, diabetes with retinopathy or diabetic maculopathy, periocular or ocular active infection, the diagnosis of uncontrolled systemic disease, epiretinal membrane, macular vitreoretinal traction syndrome that could prevent the improvement of VA, and laser therapy in the eye of study in the previous 3 months. Before treatment, all patients underwent complete ophthalmologic evaluation including fundoscopic examination, an assessment of Best Corrected Visual Acuity (BCVA) according to standardized ETDRS scale, tonometry, OCT (Heidelberg Engineering Spectralis ®, Spectral Domain OCT), fluorescein angiography and retinal oximetry. HBP was defined as blood pressure greater than 140/90 mmHg observed repeatedly during three successive consultations over a period of 1 month. Dyslipidemia was defined on the basis of LDL cholesterol and High Health Authority (HAS) requirements. To find patient with RVO presenting dyslipidemia, we retrospectively reviewed their medical records. Patients had anti-VEGF injection in the eye of study after the initial visit. Patients with visual impairment due to macular edema secondary to Branch Retinal Vein Occlusion (BRVO) or Central Retinal Vein Occlusion (CRVO) had injections of intravitreal ranibizumab. The recommended regimen consisted of three initial monthly injections of intravitreal ranibizumab 0.5 mg (Lucentis, Novartis AG, Basel, Switzerland), followed by retreatment as needed, guided by monthly clinical examinations including biomicroscopy, VA determination and OCT. Patients had retinal oximetry before and after treatment. All patients were examined monthly after the first injection for 3 months. A complete eye examination similar to that performed before treatment was done. Informed consent of all patients was obtained before treatment.Retinal oximetry was performed with a prototype commercial instrument (Oxymap Retinal Oximeter P3, Oxymap ehf, Reykjavik, Iceland). Briefly, the device simultaneously acquires digital images at two wavelengths and automatically tracks retinal vessels on both images. Retinal vessel oxygen saturation is estimated by spectrophotometric analysis of light reflected from retinal vessels and from the immediately surrounding retina. Oxygen saturation measurements were made on major temporal and nasal arteries and veins. A predetermined selection standardization protocol was used to minimize bias. The primary endpoint was improvement of retinal venous oxygen saturation in patients with RVO before and 3 months after intravitreal ranibizumab injection.The secondary outcomes was improvement of retinal arterial oxygen saturation, improvement of BCVA on the ETDRS scale, regression of ME measured by the Central Macular Thickness (CMT) in nm and studying the correlation between blood pressure (BP) and retinal venous oxygen saturation before and after ranibizumab.
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