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ARTICLE INFO ABSTRACT

Keywords: Purpose: To demonstrate the ability of widefield en face swept source optical coherence tomography (OCT) im-
Paracentral acute middle maculopathy aging to monitor peri-venular fern-like patterns of paracentral acute middle maculopathy (PAMM) associated
(PAMM)

with retinal arterial occlusions.

Observations: The peri-venular fern-like pattern of PAMM was diagnosed on the 12 x 12 mm en face structural
OCT images from three patients. Fluorescein angiography images were unremarkable. Over time, all three pa-
tients demonstrated significant improvement in visual acuity with resolution of their peri-venular PAMM.
Conclusions: The peri-venular fern-like pattern of PAMM is usually associated with retinal vein occlusions, but we
identified three cases with this pattern in eyes with presumed incomplete retinal arterial occlusions. Our cases
support the ischemic cascade theory that begins within the deep capillary plexus and ascends in the retina
depending on the severity of the ischemic event. Using the 12 x 12 mm en face structural OCT images, we are

Peri-venular fern-like PAMM
en face structure OCT
Ischemic cascade

Retinal artery occlusion

able to demonstrate a wider area of ischemia in PAMM compared with the traditional 6 x 6 mm scans.

1. Introduction

Paracentral acute middle maculopathy (PAMM) is a finding seen on
optical coherence tomography (OCT) imaging that corresponds to
ischemia in the deep and intermediate retinal capillary plexi.'™ A
hyperreflective band can be seen in the inner nuclear layer on OCT."
PAMM can be associated with conditions such as diabetic retinopathy,
hypertensive retinopathy, retinal arterial and vein occlusions, sickle cell
retinopathy and other ischemic conditions.! Fundus examination and
fluorescein angiography (FA) findings may be unremarkable, but OCT
imaging can reveal PAMM that suggests a serious underlying pathology
and may warrant further investigation and systemic workup. While
vision may not be significantly affected, patients may complain of a
paracentral scotoma and visual distortions.”

PAMM can be appreciated on en face OCT imaging by looking at a
slab in the middle of the retina that includes the inner nuclear layer and
the deep retinal capillaries. Three patterns of PAMM have been identi-
fied which include the peri-venular fern-like, arteriolar, and globular
patterns.3 These patterns have been thought to reflect the spectrum of
this disease, with the peri-venular fern-like pattern indicating milder
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disease and the globular pattern indicating more severe ischemia. The
peri-venular fern-like pattern, which is characterized by lesions sur-
rounding veins with peri-arterial sparing, has generally been associated
with retinal vein occlusions.”® Swept source OCT (SS OCT; PLEX Elite
9000, Carl Zeiss Meditec, Dublin, CA) can offer an advantage over
traditional OCT imaging because of its wider field of view (FOV). We
present three unique cases of peri-venular fern-like patterns of PAMM
imaged using the 12 x 12 mm scan pattern obtained using SS-OCT.

2. Cases
2.1. Case 1

A 48-year-old Asian woman with a past medical history of hyper-
tension presented with one day history of persistent blurry vision in the
right eye. She had two previous episodes of transiently blurred vision in
the right eye that resolved spontaneously. Visual acuity (VA) of the right
eye was 20/70 + 1. Examination revealed retinal whitening along the
superior arcade extending to the fovea (Fig. 1A), consistent with a su-
perior branch retinal arterial occlusion (BRAO). En face structural OCT
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Fig. 1. Case 1: Color fundus imaging, widefield en face imaging of the middle retina, and fluorescein angiography of a branch retinal artery occlusion. (A) Color
fundus image of the right eye shows retinal whitening along the superior arcade extending to the fovea, representing a right branch retinal artery occlusion. (B) En
face structural optical coherence tomography (OCT) image of the middle retina from a 12 x 12 mm scan demonstrates a peri-venular hyperreflectivity in a fern-like
pattern. (C) Retinal vascular map corresponds to the peri-venular hyperreflectivity, with peri-arterial sparing. (D) Fluorescein angiography (FA) of the right eye at
early and late stages does not reveal any areas of ischemia or transit delays. (E) 6 x 6 mm en face structural OCT image with vertical and horizontal navigation lines
(purple and blue) showing the area between non-ischemic and ischemic retina, with similar findings on the corresponding B-scan around the inner nuclear layer in a
skip pattern (F). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

images of the middle retina from the 12 x 12 mm scan showed a peri-
venular hyperreflectivity in a fern-like pattern (Fig. 1B) that corre-
sponded to the retinal vascular map (Fig. 1C). Early and late FA images
of the right eye did not reveal any areas of retinal nonperfusion
(Fig. 1D). On closer examination of the macula using 6 x 6 mm en face
structural images, the junctional zones between the presumed regions of
perfused and ischemic retina could be easily identified (Fig. 1E) with the
ischemic regions corresponding to areas of hyperreflectivity seen on the
corresponding B-scan (Fig. 1F). The patient was admitted for a full
cardiac workup. At one-month follow-up, there was improvement of the
PAMM on en face structural OCT images and corresponding B-scans
(Fig. 4A-C). Five months later, the BRAO had resolved with residual
inner nuclear layer thinning and visual acuity in the right eye was 20/
20.

2.2. Case 2

A 59-year old African-American man with a past medical history of
hypertension, hyperlipidemia, and cerebrovascular accident presented
with sudden onset blurry vision of the left eye. VA of the left eye was 20/
60. Fundus examination revealed diffuse retinal whitening in the par-
afoveal region and along the vascular arcades consistent with a central
retinal artery occlusion (CRAO (Fig. 2A)). En face structural OCT images
of the middle retina from the 12 x 12 mm scan revealed a peri-venular
pattern of PAMM around the retinal veins and sparing the retinal

arteries (Fig. 2B—C). While FA did not show any transit delays or non-
perfusion (Fig. 2D), the areas of ischemic and non-ischemic retina seen
on the en face slab of the inner nuclear layer and the B-scan images were
consistent with PAMM (Fig. 2E-F). At that visit, the patient was
admitted for a stroke and cardiac workup. Over a two-month period,
there was improvement in the peri-venular PAMM outside of the central
macula (Fig. 4D-F). B-scans revealed thinning of the temporal foveal
contour and retina (Fig. 4F). With time, retinal whitening on examina-
tion resolved with residual retinal thinning and the patient’s acuity
stabilized at 20/40.

2.3. Case 3

A 67-year-old African-American man with a past medical history of
diabetes mellitus, hypertension, hyperlipidemia, and obstructive sleep
apnea, presented with sudden blurry vision in his left eye. VA of the left
eye was 6/200, complicated by a chronic dense nuclear sclerosis. Fundus
examination revealed diffuse retinal whitening around the posterior
pole (Fig. 3A) consistent with a CRAO. En face structural OCT images of
the middle retina from the 12 x 12 mm scan demonstrated the peri-
venular fern-like pattern of PAMM (Fig. 3B) confirmed by the retinal
vascular map (Fig. 3C). FA did not show any transit delays or non-
perfusion (Fig. 3D). On closer examination using the en face structural
OCT image and B-scan from the 6 x 6 scan, the junction between
ischemic and non-ischemic retina could be appreciated (Fig. 3E-F). At
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Fig. 2. Case 2: Color fundus imaging, widefield en face imaging of the middle retina, and fluorescein angiography of a central retinal artery occlusion. (A) Color
fundus image of the left eye shows diffuse retinal whitening, consistent with a left central retinal artery occlusion. (B-C) En face structural OCT image from the middle
retina of the 12 x 12 mm scan shows a peri-venular pattern of PAMM around the retinal veins, sparing the retinal arteries. While fluorescein angiography does not
show any transit delays or nonperfusion (D), the junction between the ischemic and non-ischemic retinal tissue is demonstrated on 6 x 6 mm en face structural OCT
(E) and B-scan using the slab between the inner nuclear layer in a skip pattern (F). (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)

the one-month follow-up visit, the VA was 20/70 with a potential acuity
meter measurement of 20/40. Examination showed resolution of the
retinal whitening and en face OCT images showed significant improve-
ment of the peri-venular fern-like PAMM with residual inner nuclear
layer thinning (Fig. 4G-1).

3. Discussion

PAMM is an OCT finding that can be used as a tool to detect retinal
vascular events even when clinical examination or FA are unremarkable.
PAMM affects the inner nuclear layer, which is flanked by the inter-
mediate capillary plexus (ICP) and deep capillary plexus (DCP).'™
Depending on the severity and the type of the underlying retinal con-
dition, distinct patterns of PAMM can present on structural OCT imag-
ing, and they include the globular, arteriolar and fern-like peri-venular
subtypes.® In this current case series, we present three cases of
peri-venular fern-like pattern of PAMM in the setting of a presumed
retinal artery occlusion, which demonstrates that peri-venular PAMM
can occur in a range of ischemic events, not just retinal vein occlusions.
The 12 x 12mm scan pattern corresponds to a 40-degree field of view
(FOV) that doubles the 20-degree FOV offered by the more typical 6 x
6mm scan pattern and is acquired in nearly the same amount of time.
Moreover, the 12 x 12mm scan shows that the manifestations of PAMM
can extend outside the paracentral location that was initially described.
If 12 x 12mm scans had been available when first described, then
PAMM may have been defined as macular acute middle maculopathy or

MAMM. Peri-venular PAMM could be seen on widefield en face struc-
tural OCT images in all of our cases despite no fluorescein angiographic
correlations, suggesting that en face structural OCT imaging may be a
superior imaging modality in PAMM compared with FA.

All three cases demonstrated improvement of the fern-like pattern
over time. By using the en face images from the 12 x 12 mm scans, we
were able to show that PAMM extended over a larger area than the usual
FOV provided by a 6 x 6 mm scan and the diagnosis of PAMM was
immediately apparent from looking at the extent of the fern-like pattern
on the 12 x 12mm scan. With one non-invasive imaging modality, the en
face structural OCT image using the 12 x 12 mm scan not only detected
the peri-venular fern-like pattern of PAMM, but the en face OCT angio-
graphic information is also available from the same scan to detect
occlusive vascular events.

Previously, it was thought that arteriolar and globular subtypes of
PAMM resulted from pre-capillary arterial ischemia with the arterial
occlusions then leading to downstream infarction of the intermediate
and deep capillary plexuses, resulting in more wide-spread patterns of
ischemia.®” In contrast, it was thought that the peri-venular fern-like
PAMM resulted from sluggish capillary flow and ischemia that affected
the venous side of the capillary system."”:® It was believed that in events
involving venous insult, ischemia could occur more easily in the DCP
because this region is a watershed-like region, leading to the fern-like
distribution of PAMM seen in retinal vein occlusions.*>*? In the
mildest forms, it is thought that ischemia occurs at the venous end of the
DCP leading to perivenular PAMM that may evolve laterally to become
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Fig. 3. Case 3: Color fundus imaging, widefield en face imaging of the middle retina, and fluorescein angiography of a central retinal artery occlusion (A) Color
fundus image of the left eye shows diffuse retinal whitening around the posterior pole, consistent with a central retinal artery occlusion. (B) En face structural OCT
images of the middle retina from the 12 x 12 mm scan shows the peri-venular fern-like pattern of PAMM, confirmed by the retinal vascular map (C). (D) Fluorescein
angiography does not show any transit delays or nonperfusion. (E-F) On closer examination using 6 x 6 scan of the en face structural OCT, the junction between
ischemia and non-ischemia is seen and corresponds to the B-scan. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

more diffuse'’ When severe progression occurs such as in globular
PAMM, ischemia follows a vertical ascent to involve the inner retina.'’

In addition to our report, Bakhoum et al. also reported on patients
with retinal artery occlusions showing a peri-venular fern-like PAMM
pattern on en face structural OCT imaging.'? All these cases demonstrate
that peri-venular PAMM can occur in the setting of any type of ischemic
event. Patients with this peri-venular fern-like pattern of PAMM exhibit
better final visual acuity compared with those with globular pattern.'?
All three of our patients had impressive recoveries in visual acuity with
resolution of most of the PAMM-like changes on en face structural OCT
images despite having fundus findings consistent with retinal arterial
occlusions. Thus, it is not the condition that defines the pattern of
PAMM, but more likely, the severity of the ischemic event. Perivenular
PAMM may be an important biomarker of retinal arterial and venular
occlusions with milder severity that may or may not progress over time.

4. Conclusions

The peri-venular fern-like pattern of PAMM can be detected on en
face structural OCT images when FA fails to detect underlying vascular
abnormalities. The en face images of the middle retina from the 12 x 12
mm scans are a useful tool for detecting a wider area of involvement for
this peri-venular ischemia. The fact that the peri-venular fern-like pat-
terns of PAMM can be seen in conditions such as arterial occlusions

suggests that this pattern is a common ischemic pathway for all vascular
ischemic conditions, with the severity of the vascular event predicting
the pattern of PAMM.

Patient consent

Consent to publish this case report has been obtained from the pa-
tient(s) in writing.
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Fig. 4. Follow-up images of Cases 1-3 using en face 12 x 12 mm scan OCT images of the middle retina demonstrating regression of the peri-venular fern-like pattern
over time. (A-C) Patient with right branch retinal artery occlusion at presentation (A), shows improvement of PAMM at one week (B) and over one month (C). (D-F)
Patient with left central retinal artery occlusion reveals reduction of ischemia at two weeks (E) and over two months(F). (G-I) Patient with left central retinal artery
occlusion demonstrates reduction of ischemia at one week (H) and one month (I).
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