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Purpose: To monitor perivascular sheathing during the course of retinal vasculitis by flood
illumination adaptive optics ophthalmoscopy (AQO).

Methods: Perivenous sheathing and venous diameters were quantitatively analyzed by
semi-automatic segmentation of AOO images in 12 eyes of treatment-naive patients with
retinal vasculitis.

Results: The width of venous sheathing ranged from 45 to 225pum (mean 101.0 pm £
54.3). In 10 cases, the underlying vein showed focal narrowing (mean = SD 14% + 10). Focal
narrowing of arteries was also present in one eye. At presentation, width of sheathing and
vessel diameters were not correlated with fluorescein leakage. During follow-up, 5 eyes
showed an increase in vein diameter or resolution of narrowing and in 10 eyes a thinning of
vascular sheathing was observed (p=0.003).

Conclusions: Perivenous sheathing may be quantitatively analyzed and monitored by

AOO. AOO may therefore contribute to monitor vascular sheathing during posterior uveitis.

Key-words: adaptive optics, posterior uveitis, retina, uveitis, retinal vasculitis
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Retinal vasculitis may occur either as isolated or in association with various inflammatory
diseases affecting the eye.! Ophthalmoscopic presentations of retinal vasculitis combine
vascular sheathing and focal fluorescein leakage. It affects more frequently veins than
arteries. It may be associated with inflammatory diseases involving the central nervous
system, most notably Behcet's disease, sarcoidosis, systemic lupus erythematosus (‘vaso-
occlusive retinopathy’) or multiple sclerosis.

Retinal vasculitis may lead to severe visual loss, either because of the complications of
vascular obstruction which can lead to capillary non perfusion and development of pre-retinal
new vessels and/or tractional detachment, or macular edema due to blood-retinal barrier
rupture. Much remains to be known about the clinical and pathologic features of retinal
vasculitis and the mechanisms leading to visual loss. In experimental retinal vasculitis,
paravascular cellular infiltrates consist of a variable association of macrophages, T cells and
CD45+ leucocytes.? They may co-localize with areas of leakage on fluorescein angiography
(FA)** suggesting a causal relationship. In humans, segmental perivenous lympho-
plasmocytic infiltration has been documented in Behcet's disease, multiple sclerosis and
idiopathic retinal vasculitis.>° However, the specific mediators involved in perivascular
infiltration remain elusive and a detailed time-course of vascular infiltrates has not been
reported.

Given the diagnostic and prognostic value of retinal perivascular sheathing, it would be of
clinical interest to better identify, quantify and monitor retinal vasculitis. In experimental
uveitis, grading systems based on fundus imaging? or optical coherence tomography (OCT)?
have been proposed but have not been applied yet in humans. As a result, there is no
validated procedure for the grading of human vasculitis.

Adaptive optics is an optoelectronic technology which improves the lateral resolution of
fundus images, allowing quantitative analysis of microvascular structures.®'* We recently
reported that flood-illumination adaptive optics (AOQ) imaging allows highly sensitive
detection of paravascular infiltration characteristic of retinal vasculitis.'> By AOO, vascular
sheathing appears as fusiform or linear opacities on both sides of vessels, often co-localizing
with focal vascular narrowing. We also reported a case of regression of sheathing under
therapy, suggesting that AOO may be useful for monitoring treatment.'? Here, we quantified
the extent of vascular sheathing and monitored its evolution using a semi-automated
segmentation software. Our objective was to quantitatively explore the changes over time of

vasculitis.

Material and Methods
This retrospective study adhered to the tenets set forth in the Declaration of Helsinki, and

approval of the local Ethics Committee (St Antoine hospital, Paris, France) was obtained.
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Inclusion was proposed to treatment-naive patients with retinal vasculitis of different
etiologies and idiopathic and clear ocular media. Retinal vasculitis was identified by the
presence of typical vascular sheathing and/or by foci of fluorescein leakage. All cases were
reviewed by a senior uveitis specialist (MHE). Each subject received full oral and written
information and gave consent prior to inclusion. Part of the data from two patients (cases 6
and 9) has been previously reported.’® Follow-up was customized according to each case’s
needs.

Color fundus photographs, scanning laser ophthalmoscopy and FA were performed at the
Quinze-Vingts Hospital using standard procedures. AOO imaging was done with a
commercially available AOO camera (rtx1™ camera; Imagine Eyes, Orsay, France;
illumination wavelength 850 nm; field of view 4° x 4°) using a previously described
procedure.'? Briefly, en face AOO fundus images were obtained through dilated pupils (1%
tropicamide; Novartis, France). Because of the asymmetric configuration of the camera, only
the right eye could undergo such exploration. An external target guiding the fellow eye
allowed navigating along large vessels up to approximately 25° from the disc. Retinal vessels
(veins and arteries) up to 25° from the disc were screened by AOO. No photographs of the
macula were obtained. Perivascular cuffs were systematically searched for by moving the
external target in order to navigate along the temporal vessels. When a vascular abnormality
was identified on the live fundus display, a stack of images (40 images in 2 seconds) was
acquired and automatically processed using the built-in software of the AOO camera (AO
image 2.0). On average, one to three averaged images per minute could be taken.

Selected images were automatically segmented using a custom software running under
Matlab (Mathworks, Natick, Massachussetts, USA).'® Briefly, after detection of the axial reflex
of vessels, the external and internal walls of the perivascular cuff were simultaneously
detected using an original tracking procedure to cope with deformation along vessels. Then,
their positioning was refined using a deformable model embedding a parallelism constraint in
order to control the distance of the curves to their reference line and improve the robustness
to image noise.® From this segmentation, the lumen and the sum of the width of the
perivascular sheathing on both sides were extracted along a vascular segment up to 2000um
long (Fig 1). At sites of vascular narrowing, the relative narrowing was calculated as the ratio
of minimal diameter over the average of upstream and downstream diameters. The whole

procedure was done under human supervision; inadequate segmentations were discarded.

Results
We reviewed twenty cases of uveitis with retinal vasculitis seen in our department who
underwent AOO imaging between June 2014 and March 2016. Images were then examined

by three of us (JB, MHE and MP). The presence of perivascular sheathing was assessed.
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Images showing acceptable contrast were selected for morphometric analysis. Nine cases
were rejected because of a poor contrast of vascular sheathing. Twelve eyes of 12
consecutive subjects (8 women, 4 men; mean age, 42 years) were included in final
evaluation. Diagnoses included birdshot chorioretinopathy (n=3), toxoplasmic
retinochoroiditis (n=2), ocular tuberculosis (n=2), MS, idiopathic retinal vasculitis, aneurysm
and neuroretinitis (IRVAN), ocular Lyme borreliosis, syphilitic chorioretinitis and idiopathic
retinal vasculitis (one case each). Their mean duration of visual symptoms was 7.8 months
(range, 1-20) and the mean follow-up was 6.5 months (x 5.6). None was treated by anti-
inflammatory treatment at time of first examination in our department. Their clinical

characteristics are summarized in Table 1.

Mean (= SD) width of perivascular opacification was 101.0 (+ 54.3) um. The length of
perivascular opacification ranged from 250um to several millimeters. At sites of sheathing,
focal narrowing of veins was observed in 10 eyes; the degree of venous narrowing relative to
adjacent areas ranged from 4 to 28% (mean, 14%) in 10 eyes. Focal narrowing of arteries
was also present in one eye (25% of narrowing) diagnosed with idiopathic retinal vasculitis
and arterial dilatation at the site of macroaneurysm in the IRVAN case. Examples of
perivascular opacification and vein narrowing imaged by AOO is shown in Fig 2.
Representative examples of segmented AOO images are shown in Fig 3.

More than one area of sheathing was observed in 6 eyes. A relationship was found
between leakage of vessels on fluorescein angiography and vascular sheathing of the same
area on AOO in 8 out of 12 eyes (66%). Seven eyes (58%) showed perivenous sheathing in
additional areas with no detectable abnormalities on fundus photographs or on FA (Fig 4).
On the opposite, all areas showing fluorescein leakage showed perivascular sheathing (Figs
5 and 6).

Corticosteroid treatment was initiated in ten patients. Four were also treated with
immunomodulator agents and six received specific antibiotic treatment. Patient 8, which had
IRVAN, was not treated. Intervals between follow-up exams varied according to the
treatment regimen, clinical evolution and availability of the patient. The range of intervals
between AOO imaging sessions varied between 2 weeks and 2 years (median, 2.5 months).
Clinical evolution showed a progressive resolution of inflammatory signs in all but two cases
(cases with IRVAN and ocular Lyme borreliosis). At last examination, on average the thinning
had decreased from 101.0 um + 54.3 to 23.6um * 15.5 (p=0.003). Two eyes showed
persistent venous sheathing at last examination. No vein occlusion occurred. Recurrence of
perivenous sheathing was observed in 4 cases (example in Fig 6). These recurrences

occurred at the same site as the initial one.
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Changes of vessel diameters did not show a clear correlation with the overall level of
ocular inflammation. Among the 10 eyes with focal vascular narrowing at presentation, 5
eyes showed an increase in vein diameter. Figure 7 shows morphograms of the long-term

evolution of perivenous sheathing and venous diameters.

In an attempt to clarify the relationship between vascular sheathing and venous
narrowing, we analyzed a subgroup of four eyes that had monthly AOO imaging. This
showed a regular decrease of perivenous sheathing in all cases, which contrasted with the
apparent stability of the diameter of the underlying veins (Fig 8). Note that none of these
cases showed venous narrowing initially. However, in another subgroup of 5 eyes, it could be
seen that the reduction of perivascular sheathing was accompanied by displacement of
adjacent nerve fiber bundles (figure 9 and supplementary figures- videos), suggesting that
expansion of perivenous infiltration displaced adjacent nerve fiber bundles (cases 1,3,7,8,9
and 11).

In areas of sheathing showing breakdown of the blood-retinal barrier, it could be
observed that resolution of the fluorescein leakage occurred with the disappearance of
sheathing (figure 3b).

Periarterial sheathing was present in two eyes (cases 8 and 11). One of them showed
also focal reduction of diameter (figure 5). During follow-up, patient 8 (IRVAN syndrome)
showed enlargement of the macroaneurysm but no change in the width of periarterial
sheathing (figure 10). Although, patient 11 (idiopathic vasculitis) showed a disappearance

of perivascular opacification and of vessels narrowing (figure 5).

Discussion

We show here that thanks to its capabilities to document at a microscopic level both the
width of perivascular sheathing and the vascular narrowing, AOO brings hew opportunities
for the evaluation of retinal vasculitis. This may not only reveal the severity of the disease but
also indicate the risk of local complications. Albeit AOO imaging is of limited interest in case
of media opacities such as vitritis, it offers the unique possibility to detail fine features of
paravascular opacities. We demonstrated for instance that IRVAN was associated with
perivenous opacities. We also observed in many cases the presence of arteriolar narrowing
associated with arteritis. The contrast was highly variable between the infiltrate and the
surrounding retina, which may be due to the specific nature of the infiltrate or to the
background pigmentation. Infiltrates associated with blood-retinal barrier rupture were more
often located along the major vessels of the temporal arcades in an area within 10° from the
optic disc. We also documented here the time-course of resolution of sheathing, showing that

the width of the sheathing was halved in three months for one patient who underwent serial
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AOO imaging. Recurrence was often observed in the same site as initially, suggesting that
cell infiltrates do not occur randomly but that there are preferential sites. Recently, using
another software, Mahendradas et al, have also shown a complete resolution of the
sheathing by AO on follow-up.

Venous narrowing and occlusion are common complications of vasculitis. By AOO
imaging, minute venous narrowing could be documented. For few patients, there was a
limited yet clear correlation between the width of sheathing and venous narrowing. The
mechanisms of vascular occlusion during vasculitis are uncertain. Pathologic studies have
suggested a thrombotic or obliterative mechanism.” In our patients, morphometric analyzes
showed that in most eyes venous narrowing temporally and spatially correlate with the width
of the perivascular cuff. Furthermore, in 5 cases, it could be documented that adjacent inner
retinal structures were displaced by the perivascular cuffs rather than infiltrated. This strongly
suggests that local compression by the infiltrate itself may contribute to vascular occlusions.
This suggests that there is compression rather than infiltration. This was not observed in all
eye, hence one should be cautious about such interpretation. Relationship with blood-retinal
barrier also remains uncertain.

Periarterial infiltrates are rare. We documented here two cases with periarteritis, one case
of IRVAN syndrome and one case of idiopathic vasculitis. The arteriolar wall remained visible
through the infiltration, suggesting that the infiltrate was extra-parietal. AOO imaging
demonstrated a similar appearance of both periarterial infiltrates and perivenous infiltrates,
i.e, perivascular opacifications. There was also a reduction of arteriolar caliber.

There are some limits to our study. It is unable to image the retina in presence of vitreous
haze or edema surrounding the vessel. It is significant to note that vitreous haze, retinal
edema and/or cataract limited AOO fundus imaging in 8 eyes among the twenty cases
initially selected.

AOO imaging cannot provide images of the peripheral vessels more than 25° away from
the disc. It is also uncertain to which extent the foci that were measured actually are
representative of the whole inflammatory process. Our sample size was too small to
differentiate the effect of the various anti-inflammatory drugs.

The possibility to monitor vascular inflammation offers interesting fundamental and
clinical perspectives. For instance, our data suggest that perivascular infiltrates may
contribute to venous occlusion through a compressive effect. The effect of therapy can be
guantitatively evaluated. Additional studies are needed to further assess the correlation
between clinical severity and AOO features and to document the time-course of sheathing.
Those will be helpful in determining the relationship between narrowing and obstruction,
between sheathing and blood-retinal barrier rupture, and between AOO features and
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etiology. AOO may also be of interest for the screening of vascular inflammation in patients

affected by cerebral diseases.
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Legends

Figure 1. Patient 8 (IRVAN syndrome). Top left, retinophotography at baseline and bottom left,
fluorescein angiography showing no detectable sheathing or leakage (in squares). Middle: Segmented
AOO image of periphlebitis. On the right, the morphogram shows the variations of the width of the

lumen diameter and perivascular cuff.

Figure 2: Patient 3 (birdshot chorioretinopathy). Left, FA at baseline: note the fluorescein leakage in
the area enclosed by the square. Right, AOO imaging showing perivenous sheathing (arrowheads)

and focal narrowing (asterisk).

Figure 3: Patient 12 (presumed ocular tuberculosis). (a) FA and AOO at baseline, AOO images of
periphlebitis at baseline (arrows) in area enclosed in the square showing fluorescein leakage at
baseline. (b) FA and AOO at one month, AOO images of periphlebitis diseappearance (asterisk) in
area enclosed in the square showing resolution of fluorescein leakage. Bottom, segmented AOO
image. Right, morphogram showing the variations of lumen diameter (red curve) and perivascular cuff

width (violet curve).

Figure 4. Patient 9 (ocular Lyme borreliosis). Top left, Retinophotography at baseline showing no
detectable sheathing. Top right, FA at baseline showing no detectable fluorescein leakage in the area
enclosed by the square. AOO imaging: follow-up of venous sheathing (arrowheads) and narrowing
(arrows) along the superotemporal vein in a case of Lyme’s disease. Note the fluctuations over time of

focal narrowings (arrows).

Figure 5: Patient 11 (idiopathic retinal vasculitis). FA at baseline: diffuse leakage of veins and retinal
arteries (area enclosed by the square). AOO imaging showing loss of transparency around the vein

and the artery suggestive of inflammatory infiltration. The peak venous sheathing was measured at

225um for the vein and 66um for the artery. The maximal vascular narrowing was measured at 28%
for the vein and 25% for the artery. After 3 months of oral corticosteroids, AOO imaging shows

regression of perivascular infiltrates. Note also the widening of the artery.
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Figure 6. Patient 1 (birdshot retinochoroidopathy). Top: FA at baseline. The square indicates
the area magnified in AOO images. Bottom: Successive AOO images. Note the fluctuations
over time of perivenous sheathing (arrowheads) and of venous narrowing (asterisk). The

sheathing recurred at month 24.

Figure 7: lllustration of the changes of perivenous sheathing and venous diameters (curves in pale
grey colour) between the first and last examination in patient 7. Perivenous sheathing (curves in grey

colour) and venous diameters (curves in pale grey colour).

Figure 8. Short-term evolution of the width of perivenous sheathing and of venous diameters
normalized to initial values in a subgroup of four eyes (cases 3,4,5 and 7). For each case, a single
area was followed-up. Note that the decrease of perivenous sheathing is not correlated with venous

diameter changes.
Figure 9. Patient 7. (a) FA at baseline, (b, c and d) AOO images showing perivenous sheathing
with and no detectable fluorescein leakage in the area of sheathing. Arrowheads in ¢ and d show

axons fascicles that come closer to the vein following the resolution of sheathing.

Figure 10. Case 8 (IRVAN). AOO follow-up images of periarterial sheathing (macroaneurysm).
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Case | Age/sex Diagnosis Duration | Visual Peak treatment evolution Maximal Peak arterial Maximal
(months) | acuity venous venous sheathing arterial
sheathing narrowing (diameter) narrowing
(diameter (%) (%)
pm)
1 65/F birdshot 8 20/30 +(90) PO prednisone relapse + (15) none none
+
mycophenolate
mofetil
2 26/F birdshot 4.5 20/25 + (35) PO prednisone | resolution +(5) none none
+ azathioprine
3 56/F birdshot 8 20/40 + (80) PO prednisone | resolution + (20) none none
+
mycophenolate
mofetil
4 28/F toxoplasmosis 1 20/32 +(88) PO prednisone | resolution +(4) none none
+ PO
antibiotics
5 25/F toxoplasmosis 2.5 20/32 + (66) PO prednisone | resolution +(4) none none
+ PO
antibiotics
6 58/M tuberculosis 1 20/25 +(90) PO prednisone | resolution NA none none
+ RIPE
12 35/M tuberculosis 3 20/32 +(211) PO prednisone | resolution + (15) none none
+ RIPE
9 52/M Lyme 12 20/40 +(110) PO prednisone chronic + (20) none none
borreliosis +
mycophenolate
mofetil
10 35/M syphilis 5 20/50 + (45) IV Penicillin resolution NA none none
7 35/F multiple 11 20/40 +(99) PO prednisone | resolution +(9) none none
sclerosis
8 44/F IRVAN 4 20/20 +(111) None chronic +(24) + (124) NA
11 44/F idiopathic 20 20/25 + (225) PO prednisone | resolution +(28) + + (25)
(unavalaible)

Table 1. Clinical characteristics of patients (IRVAN: Idiopathic retinal arteritis, vasculitis, aneurysms and neuroretinitis). NA: not applicable. *arterial
microaneurysm.
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