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ABSTRACT
Purpose: To study the usefulness of multicolor imaging (MC) photographs in addition to near infrared reflectance (NIR) and Spectral domain optical coherence tomography (SD-OCT) in the detection and follow up of acute macular neuroretinopathy (AMN). 

Methods: Six patients with a complaint of paracentral scotomas in at least one eye due to AMN were included. They underwent full ophthalmic examination and multimodal imaging including color fundus photographs, (SD-OCT), NIR and MC at baseline and follow-up.
Results: Four females and two males, aged 19-64 years, and eight eyes affected by AMN, were included. Acute phase SD-OCT in all patients confirmed the diagnosis of type 2 AMN with partial recovery of the outer retina in the convalescent phase. NIR and MC elicited in all cases hypo-reflective AMN lesions pointing towards the fovea. MC exhibited a higher contrast between the affected and the physiologic retina that slowly attenuated during the follow-up showing a decrease in the hypo-reflectance of the lesions.

Conclusions: MC imaging was more detailed than fundus color photographs and as detailed as NIR in the detection of AMN. When available, MC imaging should complement SD-OCT and NIR in the diagnosis and follow-up of this rare inflammatory condition that may be under-diagnosed. 
INTRODUCTION
Acute Macular Neuro-retinopathy (AMN) is a rare retinal disorder first described by Bos and Deutman in 19751. Typically, it occurs in young women complaining of a sudden decrease in visual acuity or paracentral scotoma. In such patients, they noted “darkish brown-red, wedge-shaped dots in the macula pointing the fovea”. Advanced imaging modalities, such as spectral-domain optical coherence tomography (SD-OCT), has demonstrated disruption of the ellipsoid zone to be a characteristic finding in AMN suggesting to rename it acute macular outer retinopathy (AMOR)2,3. Multicolor imaging (MC) and near infrared reflectance (NIR) have improved the en-face visualization of the affected areas4. In addition, a new classification of AMN has been proposed5, based on the tomographic location of the lesions. Type 1 AMN, also called paracentral acute middle maculopathy (PAMM) when the inner nuclear layer is involved and type 2, when the outer retina is affected (classic form). More recently, MC provides structural information originating from layers at different depths within the retina and potentially permits a more accurate definition of healthy and diseased retina. Two papers6,7 have suggested that MC imaging is more useful in the diagnosis of AMN, compared to NIR. In this report of six patients, we illustrate how MC can assist in the detection and follow up of this rare condition, in addition to NIR and SD-OCT. 
PATIENTS AND METHODS
Patients presented at the Medical Retina Service at the University Hospital Southampton with a complaint of paracentral scotomas in at least one eye due to AMN. Slit lamp examination, color fundus photographs [Topcon 3D OCT 2000 or TRC 50 DX Fundus camera (Topcon, Japan)], SD-OCT, NIR and MC [Spectralis HRA+OCT (Heidelberg Engineering, Germany)] were done. Imaging was done at the time of presentation, and repeated at 1 and/or 3 months. MC was performed at baseline and follow-up in five patients, while only at follow up in the sixth case due to the non-availability of the MC at the time of presentation. Furthermore, the MC images underwent a manual enhancement to better highlight the contrast between the affected and the normal retina changing the Spectralis settings as follow: sharpen was set to low, while noise reduction was set to high.
RESULTS

AMN was identified in four females and two males. Median age was 32.3 (range 19-64) years. Three females (Figures 1, 2, 3 and 4) had ocular symptoms few days following an episode of flu with high fever (39°C), while one male (Figure 5) developed flu-like symptoms following a seasonal flu vaccination. The youngest patient (Figure 6) had ocular symptoms following a trip to Thailand, where she contracted dengue fever. The latest patient of our series was another male (Figure 7) who developed traumatic retinopathy presenting as AMN following a car accident. Acute phase SD-OCT in all patients confirmed the diagnosis of type 2 AMN, SD-OCT showed disruption of the ellipsoid zone, thinning of the outer nuclear layer and thickening of the outer plexiform layer. NIR and MC elicited in all cases corresponding areas of hypo-reflectance pointing towards the fovea. At MC, the lesions appeared more brownish when compared to the red of the healthy retina. Follow-up examination demonstrated improvement of symptoms in all patients but one, with gradual decrease of the hypo-reflectance of the lesions at NIR and MC, and the latter demonstrating lower contrast between the affected and the physiological retina. All cases had partial recovery of the ellipsoid zone at SD-OCT.
DISCUSSION
The pathogenesis of AMN remains unknown, but an underlying ischaemic aetiology has been suspected based on few risk factors: oral contraceptive1,8, hypotension9, caffeine10, epinephrine11,and adrenaline12. Post-viral, retinal capillary ischemia, post-traumatic causes13, and new associations with other systemic diseases14,15 have been recently described. Diagnosis has been classically made by fundus examination but current multimodal imaging advances have improved AMN’s detection by using both NIR and SD-OCT. Interestingly in our series, one of the patients developed AMN after a flu vaccination, which to the best of our knowledge has not been previously described. This may be related to the vaccination or may just be a coincidental finding. The common denominator in our case series was a viral infection, including Dengue fever, previously described by others15. Its SD-OCT findings are non-specific for the disease, but fundoscopy revealed other signs such as cotton wool spots that support the ischemic hypothesis. Furthermore, one of our patients presented with AMN features following an indirect trauma. In this latest case though a superficial retinal hemorrhage was also seen. In our study we describe the usefulness of MC in the diagnosis and follow-up of AMN. MC imaging was more detailed than fundus color photography and as detailed as NIR in the detection of AMN. In conclusion, AMN can be detected by a proper evaluation in conjunction with retinal multimodal imaging. This diagnostic approach is key to suspect AMN and avoid an extensive and expensive work-up. When available, MC imaging should complement SD-OCT and NIR in the diagnosis and follow-up of this rare inflammatory condition that may be under-diagnosed. New imaging techniques such as OCT angiography may provide further enlightenment on the hypothesized ischemic etiology of AMN.
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FIGURE LEGEND

Figure 1. Patient 1, right eye: flu symptoms
A. Multicolor (MC) photographs of the right eye at baseline showing three dense patches of hypo-reflectivity pointing toward the fovea representing the acute macular neuroretinopathy (AMN) lesions. 
B. MC photographs of the right eye at three months follow up.  The AMN lesions are attenuating and losing their contour and their density
C.  Near infrared reflectance (NIR) of the right eye at baseline showing the same hypo-reflective lesions seen with MC
D. NIR of the right eye at three months follow up. The AMN lesions are fading off
E. Spectral-domain optical coherence tomography (SD-OCT) of the right eye shows disruption of both the ellipsoid and interdigitation zones with corresponding outer plexiform layer thickening and outer nuclear layer thinning. 
F. SD-OCT of the right eye at three months exhibits partial restoration of the outer retina with persistent disruption of the ellipsoid and interdigitation zones

Figure 2. Patient 1, left eye: flu symptoms
A. MC photographs of the left eye at baseline showing two dense patches of hypo-reflectivity pointing toward the fovea representing AMN. 
B. MC photographs of the left eye three months later. The AMN lesions are attenuating and losing their contour and their density
C.  NIR of the left eye at baseline showing the same hypo-reflective lesions seen with MC
D. NIR of the left eye at three months follow up. The AMN lesions are less defined
E. SD-OCT of the left eye shows disruption of both the ellipsoid and interdigitation zones with corresponding outer plexiform layer thickening and outer nuclear layer thinning
F. SD-OCT of the left eye three months later with partial restoration of the outer retina with persistent disruption of the ellipsoid and interdigitation zones

 Figure 3. Patient 2: flu symptoms
A. MC photographs of the right eye at baseline showing two patches of hypo-reflectivity surrounding the fovea representing AMN. 
B. MC photographs of the right eye three months later. The AMN lesions are attenuating and losing their contour and their density
C. MC photographs of the left eye at baseline showing three dense patches of hypo-reflectivity pointing toward the fovea representing AMN. 
D. MC photographs of the left eye three months later. The AMN lesions are attenuating and losing their contour and their density
Figure 4. Patient 3: flu symptoms
A. MC photographs of the left eye at baseline showing two rounded dense patches of hypo-reflectivity representing AMN. 
B. MC photographs of the left eye one month later. The AMN lesions are attenuating and losing their contour and their density
Figure 5. Patient 4: dengue fever
B. MC photographs of the left eye at three months showing two hypo-reflective lesions representing AMN. The AMN lesion located nasally to the fovea has an annular shape with an attenuated reflectivity in the centre. No baseline images are available. 
Figure 6. Patient 5: post-vaccination
A. MC photographs of the left eye at baseline showing one hypo-reflective lesion pointing towards the fovea representing AMN.
B. MC photographs of the left eye three months later. No visible AMN.
Figure 7. Patient 6: post-traumatic
A. MC photographs of the right eye at baseline showing five dense patches of hypo-reflectivity representing AMN pointing towards the fovea. Note a superficial hemorrhage along the supra-temporal arcade.
B. MC photographs of the right eye one month later. The AMN lesions are attenuating and losing their contour and their density. The hemorrhage along the supra-temporal arcade disappeared.
