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Cross-Sectional Analysis of Neurocognitive Function,
Retinopathy, and Retinal Thinning by Spectral-Domain
Optical Coherence Tomography in Sickle Cell Patients

Erica Z. Oltra*?, Clement C. Chow"3, Thomas Wubben, Jennifer I. Lim', Felix Y. Chau', Heather E. Moss'

ABSTRACT

Purpose: The purpose was to examine the relationship between neurocognitive function and
two distinct forms of retinopathy in sickle cell disease.

Materials and Methods: Patients with sickle cell disease (n = 44, age range: 19-56 years,
70% female) were prospectively recruited for this cross-sectional study. Retinopathy was
characterized by: (1) Presence of focal retinal thinning on spectral domain optical coherence
tomography and (2) determination of the sickle retinopathy stage on funduscopic exam based
on Goldberg classification. Neurocognitive function was assessed using the Philadelphia Brief
Assessment of Cognition (PBAC), a validated test of cognition. Univariate and multivariate
analyses for PBAC score outcomes were performed. Retinal thinning and retinopathy stage
were primary variables of interest and age, gender, genotype, education, and history of stroke
were covariates.

Results: Univariate analysis revealed associations with total PBAC score and age (P=0.049),
history of stroke (P = 0.04), and genotype (P < 0.001). Focal retinal thinning and Goldberg
retinopathy stage were not associated with each other in this sample. Neither the presence
of focal retinal thinning nor degree of retinopathy was associated with total PBAC score in
univariate or multivariate analyses.

Conclusions: We find an association between lower cognitive function and older age, history
of stroke and sickle cell genotype SS in patients with sickle cell disease. Our data do not
provide evidence to support an association between cognitive function and retinopathy in
sickle cell patients.
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INTRODUCTION

Patients with sickle cell anemia (SCA) suffer from manifestations
of vascular occlusive disease throughout the body, including
the retina and brain, which results from sickling of erythrocytes,
increased blood viscosity, and veno-stasis in the setting of hypoxia,

acidosis, and inflammation." Neurologic complications include
both overt and silent ischemic strokes as well as neurocognitive
decline.”* Global cerebral ischemia in children with no evidence
of ischemic strokes on conventional magnetic resonance
imaging (MRI) has been proposed as the cause of neurocognitive
impairment in this population.”® Adults with SCA have also
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been shown to have cognitive performance below that of control
subjects which are associated with a degree of anemia and age.*

In the retina, hypoxia due to sickling of erythrocytes is thought
to be the cause of sickle retinopathy,” which is classified by the
Goldberg staging system based on funduscopic examination.®
In recent years, spectral domain optical coherence
tomography (SDOCT), a noninvasive imaging technique that
provides high resolution cross-sectional in vivo images, has
become an integral tool in the field of ophthalmology for
studying diseases of the retina and choroid. Previous studies
from our group using SDOCT showed a retinal pathology
in the form of focal macular thinning that is distinct from
classic sickle retinopathy (Chau et al. IOVS 2010;51:ARVO
E-Abstract 3554). It is present in about 50% of SCA eyes
without clinically significant retinopathy on funduscopic exam,
and it is predominantly in the inner retinal layers. In those
who do not have obvious focal thinning, subclinical thinning
is present in the outer retinal layers and extrafoveal regions
compared to age-matched controls by manual segmentation.’
The thin regions correlate with decreased retinal sensitivities by
microperimetry, though subjective and objective vision testing
is otherwise typically normal."” The diagnostic and prognostic
implications of these areas of focal thinning have yet to be
elucidated. The etiology is hypothesized to be microvascular
occlusive disease.

There is a growing body of literature to support retinopathy and
retinal blood vessel changes associated with non-SCA vascular
disease states such as hypertension and diabetes mellitus as
possible markers for cerebral vascular disease.''"'* Furthermore,
the association between arterial oxygen saturation and the larger
retinal venule diameter, especially in patients with low cerebral
perfusion pressure, was observed in the Rotterdam Study patient
population.'> Most recently, Haan et al. showed that the presence
of retinopathy was associated with poorer scores on mini-mental
status exam over a 10-year follow-up period.'" This suggests that
retinopathy may serve as a marker for cerebrovascular disease
that is reflected in decreased cognitive performance.

We hypothesized that both retinal thinning on SDOCT and
degree of retinopathy in patients with SCA are markers for
cerebral vasculopathy and therefore will be associated with
reduced cognitive function. The purpose of this investigation
was to compare cognitive function in SCA patients with and
without focal retinal thinning as well as in patients with mild
versus severe sickle retinopathy.

MATERIALS AND METHODS

The Institutional Review Board approved this study prior to
enrollment. Informed consent was obtained from all subjects
before their participation in this prospective observational study.

Patient selection

Subjects were recruited from patients undergoing evaluations for
sickle retinopathy. Inclusion criteria were 18 years of age or older
and electrophoretic confirmation of sickle cell disease (SS) or sickle
cell-hemoglobin C disease (SC). Exclusion criteria were neurological
disease other than cerebrovascular disease. Medical histories, sickle
hemoglobinopathy type, gender, and age were recorded from the
medical record. Level of education was self-reported and categorized
into two groups: High school education and education beyond high
school level. History of stroke was determined for each patient by
self-report and medical record review:

Neurocognitive testing

Cognitive testing was performed by two of the
authors (E.O. and T.W.) who were blinded to the patient’s
ophthalmic exam and optical coherence tomography
(OCT) images. Training and oversight were provided by a
board-certified neurologist with experience in administration
of the tests used (H.M.). The Philadelphia Brief Assessment of
Cognition (PBAC) was selected for use in this study in order
to minimize the time burden to the subject and maximize
enrollment in this pilot study. This validated screen takes
approximately 10-15 min to administer and includes eleven
tests that assess four cognitive domains (executive function,
visual spatial operations, language, and episodic memory).'® Total
scores range from 0 to 75, where higher numbers indicate better
performance. Maximum subscore values are 17 (executive),
21 (memory), 18 (visual-spatial), and 19 (language). A fifth
domain (behavioral/social comportment) was not included in

the analysis because it was not abnormal in any subject.

Macular optical coherence tomography
measurements

All patients underwent SDOCT imaging (Spectralis, Heidelberg
Engineering, Inc., Carlsbad, CA) of the macula by trained
ophthalmic photographers. Macular scans (9 mm X 7.5 mm,
31 line scans) encompassing the entire early treatment diabetic
retinopathy study subfields as well as the neighboring temporal
regions was taken. Focal macular thinning was defined as an
abrupt decrease in retinal thickness seen on the thickness
map [Figure 1]. The patients were grouped into those with and
those without focal macular thinning.

Grading of retinopathy

Sickle retinopathy grade was determined on the same day of OCT
imaging by two of the authors (J.L. and E.C.) using the staging
system described by Goldberg based on funduscopic exam. This
includes five stages of sickle retinopathy (Stage I: Peripheral
arteriolar occlusions; Stage II: Arteriovenular anastomoses; Stage
III: Sea fan neovascularization; Stage IV: Vitreous hemorrhage;
Stage V: Is tractional and/or rhegmatogenous retinal detachment).®
All patients in this study had at least Stage I retinopathy. Stage of
retinopathy for each patient was determined by the eye with the
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higher stage. Patients were grouped by low grade (Grade I-1I)
and high grade (Grade III-V) retinopathy.

Analysis

Univariate statistical analysis was performed to determine
associations between total PBAC score, the variables of
interest (retinopathy and focal retinal thinning) and each
potential covariate (age, education, history of stroke, and
hemoglobinopathy genotype) using ¢-test for independent
samples for dichotomous variables and linear regression for
continuous variables. For any PBAC subscores demonstrating a
normal distribution, a similar analysis was performed.

Tivo sets of multiple regression analysis models were built.
Each included covariates of age, gender, genotype, education,
history of stroke, and either focal retinal thinning or severity
of sickle retinopathy. Variables were eliminated in a backward
manner with a criterion of P < 0.1 required for inclusion in the
final model. For any PBAC subscores demonstrating a normal
distribution, a similar analysis was performed.

RESULTS

Forty-four subjects were enrolled (age 36.7 * 10.9 years,
31 female). All were African American, had at least a high school
education, and 12 (27%) had at least some postsecondary
education. 35 (80%) had sickle SS genotype with the remaining
having SC genotype. 11 subjects (25%) had evidence of prior
cerebral infarct based either on patient history, medical
record, or cerebral MRI. The vision of all subjects ranged from
logMAR — 0.10 t0 0.30 (20/15 to 20/40) with the average being
0.04 in the better eye. 28 subjects had focal retinal thinning,
while 15 did not on SDOCT. The SDOCT did not include the

area of interest for one patient who was, therefore, excluded

Figure 1: (a) Representative macular spectral domain optical coherence tomography
retinal thickness map of right eye showing 9 early treatment diabetic retinopathy
study subfields and demonstrating temporal thinning (blue area). (b) Spectral domain
optical coherence tomography cross-sectional image through macula in the same
patient showing focal temporal retinal thinning (arrow) that corresponds to retinal
thinning on above thickness map

from SDOCT analysis. 32 patients had low-grade (Stage I or
IT) sickle retinopathy while 12 had high-grade (Stage III or
IV) sickle retinopathy. There was no association between focal
retinal thinning and retinopathy stage (P = 0.2, Chi-square).
Demographic variables did not differ between groups defined
using either definition of retinopathy; with the exception of more
patients with sickle SS in the low grade retinopathy group (90%
vs. 509%, P = 0.003, Fisher’s exact) [Tables 1 and 2].

Philadelphia Brief Assessment of Cognition cognitive testing was
completed by all subjects. Total score was 53.4 = 8.4 for all
subjects. Subscores for the group were 10.0 £ 2.6 (exccutive),
16.14 = 2.5 (language), 15.8 £ 2.4 (visuospatial) and
15.85 * 3.5 (memory). Distributions for total score and executive
subscore were normal. Memory, visual-spatial, and language
subscores had negative skew associated with a ceiling effect.

Univariate statistical analysis between PBAC total score,
retinopathy variables, and potential covariates revealed
associations with age (+* = 0.09, P = 0.049, linear regression),
history of stroke (55.4 * 6.6 no stroke vs. 47.4 = 10.7
stroke, P = 0.04, t-test), and genotype (59.2 = 3.0 SC vs.
51.9 &= 8.8 SS, P < 0.001 t-test) [Table 3]. There were
no associations between total PBAC score and gender or
postsecondary education (P = 0.83, 0.06 respectively t-test).
There was not an association between total PBAC score and
presence of focal retinal thinning (P = 0.68, t-test). There
was an association between total PBAC score and high grade

Table I: Patient characteristics and demographics in sickle cell
patients with and without macular focal thinning

No thinning  Thinning  Pvalue
(n=15) (n=28)

Age (years), mean (SD) 36.4(9.0) 37.2(12.0) 0.82**
Female, (%) 87 60 0.10F
log MAR BCVA, mean (SD) 0.09 (0.12)  0.07(0.10) 0.73**
Education beyond high school (%) 47 18 0.08F
Sickle SS (%) 67 86 0.24F
History of stroke (%) &g 18 0.28F
Retinopathy stage Il (%) 60 80 0.45F

SD: Standard deviation, BCVA: Best corrected visual acuity, MAR: Minimum angle
of resolution, **student #-test ; TFisher exact 2 tail test

Table 2: Patient characteristics and demographics in patients
with sickle retinopathy stage I-1l versus stage IlI-V

Sickle retinopathy P value
stage
-l (n=32) IV (n=12)

Age (years), mean (SD) 35.5(10.8) 40.6(10.7) 0.18**
Female, (%) 65 83 0.24F
log MAR BCVA, mean (SD) 0.08(0.12) 0.07 (0.07) 0.69**
Education beyond high school (%) 23 42 0.22F
Sickle SS (%) 90 50 0.003F
History of stroke (%) 29 8.3 0.16F
Thinning (%) 71 50 0.20F

SD: Standard deviation, BCVA: Best corrected visual acuity, MAR: Minimum angle
of resolution **student t-test ; TFisher exact 2 tail test
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Table 3: Neurocognitive testing univariate analyses

Total Pvalue Executive Pvalue
score score
Age 0.049* 0.83*
Gender
Female 53.68.3 0.83 10.3+2.8 0.33
Male 53+9.2 9.5+2.1
Education
No post-secondary 52.2+8.9 0.06 9.9+2.8 0.54
Post-secondary 56.9+6.2 10.4£1.9
Stroke
Yes 47.4+10.7 0.04 7.8+3.1 0.01
No 55.4+6.6 10.842.0
Genotype
SS 51.9+8.8 0.001 9.6+2.5 0.06
SC 59.2+3.0 11.6£1.6
Focal retinal thinning
Thinning 58WE7AD 0.68 10.6+2.5 0.1
No thinning 54.8+7.4 9.3+1.6
Retinopathy
Grade I-lI 52.1+8.9 0.04 9.8+2.7 0.2
Grade IlI-V 57.0£6.0 10.8+2.1

*Linear regression; all other P values student t-test

sickle retinopathy (52.0 £ 8.9 low grade, 57.0 £ 6 high grade,
P = 0.04 t-test).

Univariate statistical analysis between executive function
subscore, retinopathy variables, and potential covariates revealed
an association with history of stroke (10.8 % 2.0 no stroke vs.
7.9 *+ 3.1 stroke, P = 0.01, t-test). There were no associations
between executive function subscore and age (P = 0.83, linear
regression), gender (P = 0.33, t-test) presence of postsecondary
education (P = 0.54, t-test), or genotype (P = 0.06
t-test) [Table 3]. There were no associations between executive
function subscore and presence of focal retinal thinning or high
grade sickle retinopathy (P = 0.10, P = 0.22, t-test).

The final multiple regression model for total PBAC score
included age (coefticient — 0.29,95% CI — 0.46 to — 0.12,
P = 0.001), history of stroke (coefficient — 4.8, 95% CI — 9.2
to — 0.42, P = 0.033) and SS genotype (coefficient — 6.1,
95% CI — 10.7 to — 1.6, —P = 0.01).

The final multiple regression model for executive function
subscore included presence of focal thinning (coefficient 1.4,95%
CI —0.1-2.9,P = 0.071), history of stroke (coefficient — 2.2,
95% CI — 2.85 to — 0.49, P = 0.013), and SS
genotype (coefficient — 1.8,95% CI: —3.6to — 0.07, P = 0.04).

DISCUSSION

There is evidence that a homology exists between the retinal and
cerebral microvasculature and evidence to support that changes
in the retinal vasculature may reflect similar changes in the
cerebral vasculature.'” In several large epidemiological studies
in non-SCA population, presence of retinopathy was related

to stroke, stroke mortality, white matter lesions, and cerebral
atrophy."** Given this homology between retinal vascular disease
and cerebral small vessel disease, several studies have investigated
the association between retinal microvascular abnormalities and
cognitive impairment in the general population.'""** While most
studies in the literature show a positive correlation between
retinopathy and cognition,''"” Fergenbaum et al. was unable to
show an association in a population-based study.'* A systematic
review of studies examining the association between cognitive
impairment or dementia and the presence of retinal microvascular
abnormalities was performed by Dinget al. A total of six studies
was reviewed and the presence of retinal vascular disease was
mostly associated with poorer verbal memory, mental speed, and
executive function in the general population, however, this was
not consistent across all studies.”' While these studies included
patients with retinopathy due to microvascular diseases such as
diabetes and hypertension, ours is the first study to examine the
relationship between sickle retinopathy and cognition.

The association between neurocognitive dysfunction and sickle
cell disease has been well-established. While sickle cell patients
are at high risk for cerebrovascular accidents which may have an
effect on cognition, even neurologically intact children with normal
MRISs have been shown to have global neurocognitive impairment
which suggests that cognitive impairment is multifactorial and
likely related to chronic brain hypoxia.® In our study, we confirm
neurocognitive impairment in sickle cell patients. Patients with
sickle genotype SS had significantly lower PBAC scores than
patients with sickle genotype SC which is consistent with the higher

incidence of both overt and silent infarcts in sickle SS patients.*”

The increased incidence of focal retinal thinning in sickle cell
patients has been described by our group (Chau et al. IOVS
2010;51:ARVO E-Abstract 3554). The clinical significance of
this focal thinning is not yet clear and currently being studied to
identify if thinning correlates with clinical markers. Similar to
the study by Kent et al.”’ that did not find a correlation between
sickle retinopathy and systemic complications, this study also
did not find a clear relationship between focal retinal thinning
or severity of sickle retinopathy and the systemic complication
of cognitive impairment. On univariate analysis, there was an
association with severity of sickle retinopathy with total PBAC
score. However, this association was lost when accounting for
covariates (age, gender, genotype, education, history of stroke,
and retinopathy). These findings point to the complexity of how
sickle cell hemoglobinopathies manifest differently in the eye and
other organ systems. The study is limited by sample size with few
patients having no thinning and few patients having moderate to
severe retinopathy:

In our study, neurocognitive scores decreased with age, a finding
consistent with previously published studies on cognition and
aging.24 Neurocognitive scores were also significantly lower in
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patients with a history of stroke, which supports the use of the
PBAC as a marker for cerebral vasculopathy.

Neurocognitive testing in sickle cell patients is complex because
their performance may be limited by pain on the day of testing and
the fact that early education is often affected by childhood illness.
The PBAC was chosen as a screening test for cognition in this pilot
study because it is an efficient tool that can be completed during a
brief office visit. It has a strong correlation with the mini-mental
status exam and is unique in that it allows the scoring of subscales
that reflect performance within specific cognitive domains. The use
of comprehensive neurocognitive evaluations may be considered
in future efforts in studying cognition in this patient population.

This study should serve as a pilot for the study of neurocognitive
function in relation to sickle retinopathy or OCT changes in
sickle cell patients. Future studies might include other markers
of cerebrovascular disease such as neuroimaging. While we did
not demonstrate a cross-sectional relationship, future work is
needed to determine the possibility of a relationship over time.
We find that executive function impairment is more pronounced
than other cognitive domains and suggest that cognitive tests
focused on this domain are likely to be most promising in future
studies of cognition in SCA.
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