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Abstract In sickle cell disease (SCD), ocular lesions
result from stasis and occlusion of small eye vessels by
sickled erythrocytes. Vaso-occlusive disease of the retina
can be responsible for nonproliferative (NPR) and prolif-
erative retinopathy (PR). Patients are often asymptomatic
until serious complications arise as, vitreous hemorrhage
and retinal detachment. This work aimed to study the fre-
quency and pattern of ocular manifestations in Egyptian
children and young adults with SCD. In this cross-sectional
study, 40 steady state patients (80 eyes) aged 2-28 years
(30 children and 10 young adults) with established diag-
nosis of SCD (26 with homozygous SS and 14 with S/B
thalassemia underwent complete ophthalmic examination
with dilated fundoscopy. Fluorescein angiography was
performed for patients >12 years old. The overall fre-
quency of retinal lesions was 47.5 % (46.2 and 50 % of SS
and S/P patients respectively). PR and NPR were evident in
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32.5 and 27.5 % of all enrolled patients respectively (five
patients having both). Peripheral retinal occlusion was a
frequent ocular finding in both groups; the youngest patient
showing PR was 15 years old. Older age, longer disease
duration and splenectomy were significantly more pre-
valent among patients with PR. Despite lack of visual
symptoms, children and young adults are at risk of PR.
Frequency of retinal lesions was comparable in SS and S/f
patients. Periodic ophthalmologic examination starting at
the age of 12 years is recommended for timely-identifica-
tion of retinal lesions thus minimizing the risk of sight
threatening retinopathy.
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Introduction

Sickle cell disease (SCD) is the most common genetic
disease worldwide. In Egypt, HbS carrier rates vary from 9
to 22 % [1] with a heterogeneous distribution. Among
Egyptians, most of the reported globin gene haplotypes are
the African ones and the SCD phenotype is severe [2].
Increase in life expectancy of SCD patients in recent
years has led to emergence of more disease-related com-
plications, including ocular manifestations [3]. SCD can
affect every vascular bed in the eye and can cause blind-
ness in advanced stages [4]. Ocular lesions result from
stasis and occlusion of the small eye vessels by sickled
erythrocytes. Vaso-occlusive disease of the retina can be
responsible for nonproliferative and proliferative ocular
changes (based on the absence or presence of vascular
proliferation respectively). This distinction is important
because formation of new vessels is the single most

@ Springer



276

Indian J Hematol Blood Transfus (Oct-Dec 2014) 30(4):275-280

important precursor of potentially blinding complication
[3].

Lesions of nonproliferative retinopathy (NPR) include
“salmon patches”, venous tortuosity, “black sunbursts”,
iridescent spots and angioid streaks that characterize
hemorrhagic, infarctive and resolving lesions of sickle
retinopathy [5]. The classic signs of proliferative retinop-
athy (PR) stages are: stage I is peripheral arterial occlusion,
stage II is peripheral arteriovenous anastomosis, stage III is
sea fan neovascularization, stage IV is vitreous hemorrhage
and stage V is fibrovascular proliferation and retinal
detachment [6]. Conjunctival lesions are isolated dark red
vascular anomalies shaped like commas or cork-screws.
Although various systemic complications of SCD are more
common in patients with (SS) genotype, visual impairment
secondary to proliferation is more common in patients with
sickle cell hemoglobin C (SC) disease genotype which is
quite rare in Egyptian population. Patients are often
asymptomatic until complications arise as, vitreous hem-
orrhage and retinal detachment. Some studies report that
the incidence and prevalence rates of all ocular complica-
tions in SCD increase with age and that PR progresses
rapidly during adolescence, justifying the routine screening
of children [7, 8].

The aim of this work was to study the frequency and
pattern of ocular manifestations in Egyptian children and
young adults with SCD.

Materials and Methods

This was a cross-sectional study conducted at Pediatric
Hematology & BMT Unit, New Children Hospital, Cairo
University, a reference center attending to SCD patients,
between December 2010 and September 2011. A total of 40
patients (80 eyes) aged 2-28 years (30 children and 10 young
adults) with established diagnosis of SCD (26 with homo-
zygous SCD (SS) and 14 with sickle-beta thalassemia (S/)
were enrolled in the study. Patients were allowed to partic-
ipate in the study only after required consents were willingly
given by the patients and/or their guardians. Twenty-four
patients were female and 16 male. All recruited patients were
in a steady state attending for routine follow-up visit. We
excluded patients with psychiatric disease, previous ocular
trauma, diabetes mellitus, hypertension, decreased visual
acuity (<6/60) or retinopathy due to any cause other than
SCD. The study protocol was approved by the Ethical
Committee of Cairo University, Egypt, according to the
Institutional Committee for the Protection of Human Sub-
jects and adopted by the 18th World Medical Assembly,
Helsinki, Finland.

All recruited patients’ medical records were reviewed.
Data obtained included age, gender, hemoglobin genotype,
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frequency of severe vaso-occlusive events (VOE) requiring
hospitalization or ER admission and disease-related mani-
festations as acute chest syndrome (ACS), bone disease,
pulmonary hypertension (PHT), and leg ulcers. Physical
examination was carried out in addition to evaluations of
hemoglobin (Hb), mean corpuscular volume (MCV), reti-
culocytes, total leucocytic count (TLC), platelets, serum
bilirubin and lactate dehydrogenase (LDH) levels. Fetal
hemoglobin (HbF) and sickle hemoglobin (HbS) were
measured by hemoglobin electrophoresis.

All patients were then sent to the Institute of Ophthal-
mologic Research for an ophthalmologic examination.
Visual acuity was assessed as best corrected vision using
Snellen’s chart for patients aged 6 years and over. For chil-
dren under 6 years of age, visual acuity assessment was
based on mother comment, eye fixation, pupillary reaction,
and key pictures.

Slit lamp microscopy was performed for anterior segment
examination. Intraocular pressure was measured by appla-
nation tenometer. Under mydriasis (with Tropicamide 1 %
and phenylephrine 2 %), fundus examination was done with
biomicroscopy using +90 volk lens and indirect examination
by Keeler ophthalmoscope. Only patients aged 12 years old
or more inclusive with a clinical suspicion of PR were
evaluated with fluorescein angiography using Topcon fun-
dus camera (n = 25). We avoided angiography in children
below 12 years due to difficulties in cooperation, cannula-
tion, and adjusting fluorescein dose to patient’s age and
weight. This was further justified by normal fundus exami-
nation noted for all children <12 years. Seven cases aged
below 6 years were examined under general anesthesia.

Statistical Analysis

Data were expressed as mean =+ standard deviation (£SD),
frequencies and percentages when appropriate. Numerical
variables of two study groups were compared using Student
t test for independent samples when normally distributed
and Mann—Whitney U test when not normally distributed.
For comparing categorical data, Chi square (3?) test was
performed. Exact test was used instead when the expected
frequency was <5. Significance level was defined as
p < 0.05. Analyses were conducted using SPSS (v. 20,
IBM SPSS Statistics, Chicago, IL).

Results

Table 1 shows the mean age and sex distribution of
enrolled SS and S/ thalassemia patients. Statistically non-
significant differences were found when comparing both
groups for age and gender (p =0.67 and 0.36
respectively).
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Table 1 Age and sex distribution of enrolled SS and S/f thalassemia
patients

Variable SS (n = 26) S/B (n = 14) p value
Age (years)® 13.69 £+ 6.94 14.64 £ 6.46 0.67
Males:Females 9:17 77 0.36

? Values expressed as mean + standard deviation

Table 2 Distribution of retinal lesions among enrolled SS and S/B
thalassemia patients

Variable SS(n=26) S/IBp@n=14)
Retinal lesions (n = 19)* 12 7
NPR (n = 11)° 7
Sunburst lesion (n = 2) 2 -
Retinal vascular tortuosity (n = 10) 6
PR (n = 13) 7 6

All values are expressed as absolute numbers
NPR nonproliferative retinopathy, PR peripheral retinopathy
* Five of 19 patients showed signs of both NPR and PR

" One of 11 patients had both sunburst lesion and retinal vascular
tortuosity

Visual acuity was 6/6 bilaterally in 38 patients; how-
ever, two SS patients had impaired visual acuity of 6/36
and 6/18 respectively due to errors of refraction. None of
our patients had any visual symptoms. Normal intraocular
pressure was observed in all patients. No patients showed
conjunctival signs. Normal fundus was present in 21
(52.5 %) patients (14 SS and 7 S/B). Distribution of retinal
lesions detected in studied patients is shown in Table 2.
The overall frequency of retinal lesions was 47.5 % (46.2
and 50 % of SS and S/P patients respectively). PR and
NPR were evident in 32.5 and 27.5 % of all enrolled
patients respectively (five patients having both). A frequent

ocular finding in both SCD groups (SS and S/B) was
peripheral retinal occlusion which is the first stage of PR.
None of our patients showed retinal proliferative changes
beyond stage I. No retinal changes could be detected before
12 years of age; the youngest patient showing PR was
15 years old. Figure 1 shows fluorescein angiography of a
20 years old female SS patient showing stage I PR.

Table 3 demonstrates clinical characteristics of patients
without and with retinal lesions and PR. Patients showing
retinal lesions and PR were significantly older and had
longer disease duration. No sex predominance was noted
among patients with PR. Comparing frequencies of dis-
ease-related events (ACS, PHT, bone disease, and leg
ulcers), VOE, hospitalization and transfusion showed no
significant differences between patients without and with
PR (Table 3). Patients with PR showed significantly higher
frequency of splenectomy (p = 0.004).

Comparing hematological indices of patients without
and with PR, failed to reveal significant differences
between both groups (Table 4). Patients with PR had
higher mean platelets level, however, the difference did not
reach level of significance.

Discussion

Sickle cell disease patients are known to manifest different
types of ocular problems; NPR, PR and refractive errors.

Excluding refractive errors, the overall frequency of
ocular lesions in our cohort was 47.5 % corroborating
previous studies [9—12]. Changes in visual acuity among
our patients were attributed to refractive errors. None of
previously reported causes of visual impairment in SCD
patients as optic atrophy or central retinal occlusion
[13] were observed in our patients. MRI and visual evoked
potential were not carried out in our patients.

Fig. 1 Fluorescein angiography of a 20 years old female SS patient showing stage I PR
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Table 3 Clinical characteristics of patients according to retinal lesions and presence or absence of proliferative retinopathy

Variable Normal retina (n = 21)  Retinal lesions (n = 19) p value PR— (n =27) PR+ (n=13) p value
Age (years) 9.17 £ 4.64 19.05 + 4.77 0.00%*  10.57 £ 5.12 20.69 + 4.42 0.00%*
Gender®

Male (n = 16) 11 (52.4 %) 5 (26.3 %) 0.09 11 (40.7 %) 5 (38.5 %) 0.89

Female (n = 24) 10 (47.6 %) 14 (73.7 %) 16 (59.3 %) 8 (61.5 %)
Genotype®

SS (n = 26) 14 (66.7 %) 12 (63.2 %) 0.81 19 (70.4 %) 7 (53.8 %) 0.3

S/IB (n = 14) 7 (33.3 %) 7 (36.8 %) 8 (29.6 %) 6 (46.2 %)
Disease duration (years) 6.26 + 4.77 1447 £ 49 0.00%* 743 + 5.25 15.85 £ 4.3 0.007%*
VOE/year 1.62 £ 1.6 1.89 + 1.37 0.56 1.7 £ 1.54 1.85 £ 141 0.78
Hospitalization/year 1.14 £ 1.6 1.0+ 1.0 0.74 1.15 £ 1.51 0.92 + 0.95 0.62
Transfusion/year 2.48 + 2.66 237 £3.7 091 248 £+ 3.12 231 £3.35 0.87
Bone disease® (n = 4) 1 (4.8 %) 3 (15.8 %) 0.24 2 (7.4 %) 2 (154 %) 0.42
PHT? (n = 3) 3 (143 %) 0 (0 %) 0.08 3 (11.1 %) 0 (0 %) 0.21
ACS* (n=1) 0 (0 %) 1 (5.3 %) 0.28 1 (3.7 %) 0 (0 %) 0.48
Gall bladder disease® (n = 1) 0 (0 %) 1(5.3 %) 0.28 0 (0 %) 1 (7.7 %) 0.14
Splenectomy® (n = 8) 2 (9.5 %) 6 (31.6 %) 0.09 2 (7.4 %) 6 (46.2 %) 0.004
Hydroxyurea® (n = 27) 14 (66.7 %) 13 (68.4 %) 0.9 18 (66.7 %) 9 (69.2 %) 0.87

Values expressed as mean =+ standard deviation unless mentioned otherwise

PR proliferative retinopathy, VOE vaso-occlusive events, PHT pulmonary hypertension, ACS acute chest syndrome

*#* Statistically significant (p < 0.05)

? Values expressed as absolute numbers and percentages

Table 4 Hematological indices among patients without and with
peripheral retinopathy

Variable PR— (n = 27) PR+ (n = 13) p value
Hb (g/dl) 852+ 1.34 7.83 £ 1.27 0.13
MCV () 80.52 + 10.94 84.48 +10.92 0.29
TLC (x10°/ml) 10.11 + 5.04 12.01 + 4.81 0.26
Platelets (x10%/ml)  369.22 + 151.48 455.46 &+ 116.07 0.07
Reticulocytes (%) 7.26 + 5.99 5.51 £ 3.45 0.33
Total bilirubin (mg/ 1.73 £ 0.74 1.95 + 0.96 0.43
dl)
LDH (U/L) 491.96 + 141.31 531.00 &+ 307.97 0.58
HbS (%) 72.65 £ 11.29 78.62 £ 9.90 0.11
HbF (%) 16.66 £+ 11.04 1522 £ 1092 0.70

All values are expressed as mean and standard deviation

PR proliferative retinopathy, Hb hemoglobin, MCV mean corpuscular
volume, 7LCm total leucocytic count, LDH lactate dehydrogenase

The significance of genotype on overall frequency of
ocular lesions was not apparent in our cohort; frequency of
retinal lesions being comparable in SS and S/B groups. The
most frequent ocular lesions identified in both disease
groups in our study were peripheral retinal occlusion and
vascular tortuosity. Out of 13 patients showing PR, six had
S/P thalassemia confirming a previous observation that S/3
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thalassemia can lead to serious ischemic retinopathy
[14]. Sunbursts lesion, a pigmented chorioretinal scar
usually found in the periphery [12] was only detected in
two SS patients. This finding is in contrast to previous
studies which reported higher frequency of sunbursts lesion
[7, 15, 16]. Absence of other non-proliferative ocular signs
as salmon patches and iridescent spots among our patients,
as previously reported [17], may be attributed to their
transient status. Our study failed to detect any proliferative
retinal lesions beyond stage I confirming the low frequency
of such changes in Egyptian cohort [18].

Our work showed that older age and longer disease
duration were significant determinants for development of
retinal changes and PR. Several studies reported an
increase in incidence and prevalence rates of all ocular
manifestations with increasing age [3, 19]. In our cohort,
all retinal changes were detected above the age of 12 years
and the youngest patient showing PR was 15 years old.
Based on these observations, we recommend that children
with SS and S/B should be screened for retinopathy using
fundoscopic examination beginning at age of 12 years.

Although the mechanism was not clear, few studies [19—
21] reported male sex as a risk factor for developing reti-
nopathy. However, our cohort did not show any sex pre-
dominance for retinal changes or PR. This may be
attributed to our smaller sample size.
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Comparing frequencies of disease-related events and
VOE between patients with PR and those without in our
cohort revealed no significant differences, which support
previous reports [4, 21]. However, this conflicts previous
observations of ocular complications being attributed
directly or indirectly to vaso-occlusion. Our finding may be
explained by high prevalence of fetal hemoglobin in our
cohort (fetal hemoglobin higher than 12 in 57.5 % of our
patients and in 57.7 % of SS group).

In the present study, splenectomy was significantly more
common in SCD with PR (p = 0.004). Mean platelet count
was higher in patients with PR compared to those without,
but the difference did not reach statistical significance
(p = 0.07). Both findings suggest a possible role of sple-
nectomy and thrombocytosis, together with the coexistent
state of hypercoagulability in SCD, in development of PR.

In our cohort, comparison of hematological indices in
patients with and without PR failed to reveal any signifi-
cant differences. The hematological correlates with retinal
lesions are still unclear. Conflicting reports suggest possi-
ble effects of total hemoglobin, fetal hemoglobin and HbS
[18, 21-23].

In sickle cell retinopathy, treatment strategy is based on
closing the sea fan (stage III PR). Patients in stages I and II
are not treated because treatment of the ischemic retina
does not prevent the formation of sea fan and the majority
of patients do not develop sea fan or its complications [24].
The treatment is still controversial because many sea fans
regress spontaneously, especially in older SS patients, in
whom the incidence of blindness is very small [24]. Pho-
tocoagulation has been the most widely used method for
treatment of stage III PR [25, 26]. This type of treatment
has been effective and safe and prevents subsequent com-
plications [25]. Considering the fact that ocular changes
that affect patients with SCD are the consequences of a
complex systemic pathophysiological process, prevention
of these ocular complications can be achieved through the
use of new drugs that focus on the physiopathology of the
disease at multiple points, including HbS polymerization,
erythrocyte density and cell-cell interactions [24].

Conclusion

Despite lack of visual symptoms, children and young adults
are at risk of PR. Frequency of retinal lesions was com-
parable in SS and S/P patients. Older age, longer disease
duration and splenectomy were the only determinants for
development of retinal changes and PR in our cohort.
Periodic ophthalmologic examination starting at the age of
12 years is recommended for timely-identification of reti-
nal lesions thus minimizing the risk of sight threatening
retinopathy.
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