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Purpose: To compare conjunctival and macular manifestations of sickle cell anemia using optical coherence to-
mography angiography (OCTA).

Observations: OCTA imaging of the macula in two patients with HbSS and HbSC revealed areas of decreased
vascular density, more prominent in the deep capillary plexus than in the superficial capillary plexus.
Conjunctival OCTA of both affected patients revealed areas of reduced vascular density corresponding to the
vascular abnormalities observed on slit lamp examination and prominent conjunctival flow voids when
compared to an unaffected control.

Conclusionsand Importance: OCTA allows for high resolution visualization of conjunctival findings present in
sickle cell patients with macular vascular flow voids. Further studies are needed to explore the utility of
conjunctival OCTA and the relationship between conjunctival and macular perfusion and systemic

hemoglobinopathy.

1. Introduction

Sickle cell disease, the most common hemoglobinopathy in the
world, affects an estimated 100,000 Americans,’ with an additional
three million Americans carrying the trait.” The pathophysiology of the
disease involves a point mutation in the beta globin gene, which results
in the substitution of glutamic acid for valine.? In homozygotes (HbSS),
the abnormal hemoglobin molecules polymerize and red blood cells
subsequently form rigid, crescent shaped structures that are prone to
causing vaso-occlusive events and downstream hypoxia. Individuals
with HbSC typically have less severe vaso-occlusive pain crises in
comparison to those with HbSS; however, they are at increased risk for
certain complications, such as proliferative retinopathy.”

Clinical features of sickle cell retinopathy have been well described
with the help of retinal imaging tools like fluorescein angiography (FA)
and spectral domain optical coherence tomography (OCT). Newer im-
aging modalities, such as optical coherence tomography angiography
(OCTA), allow for the noninvasive, high resolution visualization of
ocular vasculature (Fig. 1A-C display normal macular and conjunctival

vascular images obtained using this new technology). OCTA has already
been used to reveal other clinical features of the disease, such as reduced
macular vascular density in children with sickle cell disease.”

Though the posterior segment findings of sickle cell retinopathy
currently dominate much of the literature, there is rich opportunity to
explore anterior segment findings and potentially connect them to what
is already known about systemic hemoglobinopathy. For example, the
“conjunctival sickling sign” seen in patients with sickled cells was first
observed in the 1950s. It was characterized by numerous short, comma
shaped capillary segments and considered pathognomonic for sickle cell
disease.®” The severity of the conjunctival sign has been correlated to
the percentage of hemoglobin S and the number of irreversibly sickled
cells among patients carrying the hemoglobin S allele.” Paton described
careful examination of the bulbar conjunctiva and observation of the
conjunctival comma sign in SCD as a marker of the presence of systemic
hemoglobinopathy, even when hemoglobin electrophoresis results are
unknown.® Notably, conjunctival changes were described as the “most
reliable evidence of clinically significant disease,” even more so than
retinal changes.”'® Such a contention merits further exploration with
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current imaging techniques.

Other anterior segment findings, like iris atrophy and depigmenta-
tion, have been associated with increased risk for proliferative sickle cell
retinopathy,'’ The conjunctival sign could also be explored for possible
relations to posterior segment features of disease. In fact, reduced
conjunctival venular blood velocity has recently been described in pa-
tients with sickle cell disease and focal macular thinning.'? Exploration
of conjunctival features using novel imaging technologies is thus war-
ranted to provide further insight into the clinical utility of conjunctival
findings and associations with systemic hemoglobinopathy.

To our knowledge, there have been no reports of optical coherence
tomography angiography (OCTA) to image the conjunctiva of patients
with sickle cell disease. We sought to document two patients, one with
HbSS, and one with HbSC disease using OCTA. Herein, we perform
multi-modal imaging to describe conjunctival and macular OCTA
findings.

2. Methods

This study is a single-institution, observational case series of two
patients (four eyes). One patient with documented HbSS disease and one
patient with documented HbSC disease were consented to participate
verbally. Private health information was handled in accordance with
HIPAA regulations.

Slit lamp and OCTA images of the macula and inferior bulbar con-
junctiva were obtained for each eye 10 minutes after administration of
5% phenylephrine for pupillary dilation. Slit lamp images of 16 mega-
pixels at 12X magnification were obtained using a Zeiss photo slit lamp
and diffuse setting, flash 1 F44. Conjunctival and macular OCTA imag-
ing was performed using Optovue RTVue XR (Optovue Inc, Fremont,
California, USA), which has a speed of 70,000 scans/sec, 840 nm light
source, and axial resolution of <5 pm. For the macula, 3 x 3 mm and 6
x 6 mm scans centered on the fovea were obtained. 6 x 6 mm scans
through the temporal macula, and at or near the fovea nasally, were
obtained due to temporal paramacular involvement notably seen in
sickle cell disease. For conjunctival imaging, 3 x 3 mm scans were ob-
tained using external fixation and a manual focus set at +20 diopters.
Multiple scans were performed for each eye. Images with the best sub-
jective quality (minimal motion artifact and adequate signal strength)
were selected for analysis.

The control patient was similarly age-matched to the patients with
SCD, and confirmed no history of systemic hemoglobinopathy or retinal
vascular disease. No phenylephrine drops were used prior to imaging the
control patient. Given the heterogeneous nature of ocular sickle cell
findings among genotypes, two patients (one with Hgb SS and one with
Hgb SC), were selected to represent the two most prevalent genotypes in
sickle cell disease. We desired to compare posterior and anterior
segment findings in patients with differing degrees of retinopathy in an
exploratory and descriptive (rather than analytical) manner.
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3. Findings
3.1. Case 1

A 27-year-old woman with sickle cell anemia (HbSS) on hydroxyurea
presented for a new patient examination after being referred by her
hematologist. The patient had a history of rare vaso-occlusive pain cri-
ses, which occurred once every three years, and two episodes of acute
chest syndrome that both required intensive care unit level care.
Otherwise, she managed intermittent pain at home and had no
outstanding disease-related concerns. She had mild myopia and wore
glasses for distance vision, and was otherwise visually asymptomatic.

Her uncorrected distance visual acuity was 20/50 in the right eye
and 20/25 in the left eye. Slit lamp examination of the anterior segment
revealed inferior, superior, nasal, and temporal corkscrew conjunctival
vessels and short capillary segments, consistent with the conjunctival
comma sign previously observed in SCD.®’” No sea-fan neo-
vascularization was present. OCT of the macula revealed mild macular
thinning in both eyes (Fig. 2A).

OCTA images of the macula (Fig. 2B and C) showed areas of patchy
flow deficits, with greater severity in the right eye as compared to the
left. The areas of decreased vascular density were more prominent in the
deep capillary plexus than in the superficial capillary plexus. A slit lamp
image of the patient’s inferior bulbar conjunctiva was taken (Fig. 2D),
along with corresponding OCTA images of the superficial and deep
capillary plexuses (Fig. 2E and F, respectively). The OCTA images
revealed vascular flow deficits that corresponded to conjunctival ab-
normalities seen on slit lamp examination (Fig. 2G and H).

3.2. Case 2

A 37-year-old male with HbSC (not on disease modifying therapy)
presented for routine evaluation. He had a history of stage IV prolifer-
ative retinopathy as well as avascular necrosis of the hip, requiring total
hip replacement. His pain crises were infrequent. His ocular history
included recurrent vitreous hemorrhages, with previous scatter laser
photocoagulation treatment with as needed intravitreal bevacizumab
therapy for active sea-fan neovascularization in his right eye. He had
phthisis bulbi in his left eye due to complications from Stage V prolif-
erative sickle cell retinopathy in adolescence.

His distance visual acuity with glasses was 20/32 in the right eye
with no light perception in the left eye. Slit lamp examination of the
anterior segment showed a white and quiet conjunctiva in the right with
a few short, comma shaped capillary segments. Partially-vascularized
sea fan neovascular complexes were present through the retinal pe-
riphery. OCT revealed foveal splay with a mild epiretinal membrane
(Fig. 21).

OCTA images of the macula (Fig. 2J and K) showed significant flow
deficits in both the superficial and deep capillary plexuses with an
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Fig. 1. OCTA vascular density maps of the macula and conjunctiva in normal eyes. 1A and B display imaging of the macular superficial capillary plexus (SCP)
and deep capillary plexus (DCP), respectively.? 1C displays a normal conjunctival superficial capillary plexus. Dark blue regions represent areas of flow deficits. The
control patient did not receive phenylephrine prior to conjunctival imaging. (For interpretation of the references to colour in this figure legend, the reader is referred

to the Web version of this article.)
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Fig. 2. Macular and conjunctival imaging for Case 1 (top row) and 2 (bottom row). 2A shows right eye macular OCT with the red arrow indicating inner retinal
thinning in the temporal macula. 2B and 2C show imaging of the macular superficial capillary plexus (SCP) and deep capillary plexus (DCP). 2D displays a slit lamp
image of the left eye’s inferior bulbar conjunctiva, with short, comma shaped capillary segments in the center. 2E and F represent conjunctival OCTA imaging, with
2G and 2H displaying the vascular density maps for the superficial and deep capillary plexuses (respectively) superimposed on the area shown on slit lamp ex-
amination in 2D (Case 1). In a similar sequence, for Case 2, 2I shows macular OCT, with the red arrow indicating foveal splaying. A mild epiretinal membrane is
present (white arrow). 2J and 2K show imaging of the right macular superficial capillary plexus (SCP) and deep capillary plexus (DCP). 2L displays a slit lamp image
of the right inferior bulbar conjunctiva, with short capillary segments also apparent. 2M and N similarly display OCTA imaging, with 20 and P displaying the
vascular density maps for the superficial and deep capillary plexuses (respectively) superimposed on the area shown on slit lamp examination in 2L (Case 2). Dark
blue regions represent areas of flow deficits. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article.)

irregular and enlarged foveal avascular zone. A slit lamp image of the
patient’s inferior bulbar conjunctiva was also taken (Fig. 2L), along with
OCTA images of the superficial and deep capillary plexuses (Figures M
and N, respectively). These showed vascular flow deficits corresponding
to conjunctival abnormalities that were more prominent in the super-
ficial capillary plexus (Figures O and P).

4. Discussion

Though vascular conjunctival abnormalities have long been
described in patients with sickle cell anemia and have been identified as
potential targets for pharmacotherapeutic and surgical intervention, few
studies have used advanced imaging techniques to explore the con-
junctiva in these patients. Because isolated comma-shaped vascular
segments have been previously described as the most reliable markers of
disease,'® they merit further characterization with contemporary im-
aging modalities. In this report, OCTA images of the macula and con-
junctiva were compared in a HbSS and a HbSC patient with known sickle
cell maculopathy demonstrated on OCT and OCTA. In both patients,
macular OCTA imaging revealed bilateral reductions in vascular density
that were more pronounced in the deep capillary plexus than in the
superficial capillary plexus, as has been previously observed in the
literature.'® Additionally, we used conjunctival OCTA to reveal areas of
reduced vascular density that corresponded to the “conjunctival sign”
observed on slit lamp examination.

The conjunctival sign was present in both patients, and subjectively
more notable in our HbSS patient, as previously described.” In com-
parison to a control, both patients had prominent flow voids in the
conjunctiva on OCTA. It is notable that our control patient did not
receive topical phenylephrine (which can cause conjunctival vessel
vasoconstriction) prior to conjunctival imaging, which may limit the
strength of our comparisons. However, given the exploratory, descrip-
tive nature of the study (rather than analytical), we find the following
observations worthy of discussion: When compared to each other, we
observed that our HbSC patient had more flow deficits in the conjunc-
tival superficial capillary plexus, while our HbSS patient had more flow
voids in the deep capillary plexus. Future studies will be useful in
reproducing and potentially linking these findings to other aspects of
systemic anemia and SCD genotype.

Recent literature on the relationship between conjunctival changes
and retinopathy is sparse but significant. Valeshabad et al.'* were the

first to analyze conjunctival microcirculation in relation to the presence
and absence of macular thinning using a prototypical optical imaging
system. They found reduced conjunctival venular blood velocity in pa-
tients with sickle cell retinopathy and focal macular thinning. This
supports our finding of reduced conjunctival vascular density in a HbSC
patient with known advanced stage retinopathy.

New developments in our knowledge of conjunctival changes and
systemic manifestations of sickle cell disease have surfaced within the
last decade. Wanek et al.'* were the first to explore differences in
conjunctival microvascular flow dynamics between patients with the
Hgb S allele. These authors reported a lower flow velocity in patients
with Hgb SC disease compared to those with Hgb SS disease and a linear
relationship between vessel diameter and blood velocity in those with
AA and SS genotypes. These authors called for further attention to
conjunctival microcirculation, as its features have been associated with
other systemic findings, such as middle cerebral artery flow. Since then,
examination of conjunctival microvasculature in this patient population
has not only informed us of potential associations with macular thin-
ning,'? but also of other systemic features of disease, like kidney
dysfunction,15 stroke,'® and vaso-occlusive pain crises.!”

Conjunctival imaging could be a useful adjunct to posterior segment
imaging in sickle cell retinopathy. Our case series is limited by
description of two patients with sickle cell disease. Further study is
needed to evaluate conjunctival OCTA and its relationship to the mac-
ular microvascular circulation and systemic hemoglobinopathy status
such as degree of anemia, systemic oxygenation, or response to systemic
disease-modifying therapies. Given the possibility of visualizing anterior
segment changes in sickle cell disease with advanced imaging tech-
niques, and the previously described associations of such changes with
sickle cell retinopathy, larger scale studies are warranted to explore
conjunctival abnormalities in sickle cell disease.

5. Conclusions

OCTA permits the visualization of conjunctival findings present in
sickle cell patients with macular changes. Further studies are needed to
explore the utility of conjunctival OCTA and the relationship between
conjunctival and retinal findings, and systemic hemoglobinopathy in
sickle cell disease.
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