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SUMMARY 

Retinopathy associated with sickle-C and sickle cell 
disease is well described. Sickle trait and haemoglobin 
C trait are generally considered benign conditions, with 
infrequent systemic manifestations. Rare cases of 
retinopathy in sickle trait, in the presence of contrib
utory factors, exist and we recently reported three such 
patients. The occurrence of retinopathy in haemoglobin 
C trait is even less well documented. Haemoglobin C 
does not cause red blood cell sickling but is known to 
decrease erythrocyte plasticity and increase blood 
viscosity. We report three cases in which haemoglobin 
C trait was associated with significant peripheral 
vascular occlusion and seafan formation (confirmed 
by fluorescein angiography) similar to that seen in 
sickle retinopathy. Two patients had coexistent sys
temic disease (hypertension and diabetes mellitus). 
Vitreous haemorrhage was the presenting feature in 
two patients. It is evident that haemoglobin C trait may 
be associated with sight-threatening complications. 

Homozygous sickle cell haemoglobinopathy (SS) and 
sickle-C (SC) disease are a significant cause of both 
ocular and systemic morbidity.l SS disease is 
associated with more serious systemic complications 
than SC disease and yet visual loss due to prolif
erative retinopathy is more common in SC disease 
for reasons that are uncertain.l-4 Homozygous 
haemoglobin (Hb) C disease is mild and no ocular 
associations have been reported.1,5 

The heterozygous states are more common. Sickle 
trait (AS) is found in 9% of North American Afro
Caribbeans and HbC trait (AC) in 2% of this 
population.4 Sickle trait is traditionally considered a 
benign disorder, particularly in terms of ocular 
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. I 67 h mvo vement,' alt ough we have recently reported a 
series of patients who exhibited a proliferative 
retinopathy with haemoglobin AS in association 
with other possible predisposing factors.s We now 
report three patients with HbC trait who developed a 
retinopathy resembling that seen in sickle cell 
disease. 

CASE REPORTS 

Case 1 
A 33-year-old non-insulin-dependent diabetic and 
hypertensive man from Barbados was referred with 
suspected proliferative diabetic retinopathy. Dia
betes had been diagnosed 5 years previously and 
his medication was lisinopril and metformin which 
gave good diabetic and blood pressure control. There 
was a family history of sickle cell disease. The visual 
acuities were 6/5 right and 6/6 left and anterior 
segment examination and intraocular pressures were 
normal. Fundoscopy showed sparse scattered micro
aneurysms and areas of peripheral seafan neovascu
larisation (Fig. 1). Fluorescein angiography (Fig. 2) 
confirmed the presence of micro aneurysms at the 
posterior pole and demonstrated severe bilateral 
peripheral vascular closure with multiple, leaking 
seafans. He was shown to have HbC trait on 
electrophoresis with a negative sickling test. 

Case 2 

A 43-year-old Jamaican man complained of a sudden 
blurring of vision in the right eye with floaters. The 
left vision had been poor since childhood following 
blunt trauma. He was fit and well and there was no 
family history of sickle cell disease. The corrected 
visual acuity was 6/36 right and 6/12 left with normal 
anterior segment and tonometric examinations. 
There was a moderate degree of right vitreous 
haemorrhage obscuring the retinal view and in the 
left eye the only abnormal finding was an epiretinal 
membrane involving the macula. 

The haemorrhage resolved to reveal non-perfusion 
of the retina anterior to the temporal equator with 
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Fig. 1. Case 1. Peripheral seafan neovascularisation. 

Fig. 2. Case 1. Fluorescein angiography shows peripheral 
capillary closure and leakage from seafcms. 

Fig. 3. Case 2. Fundal photography shows a large, partly fibrosed 
seafan surrounded by a small tractional retinal detachment. 

Fig. 4. Case 2. Fluorescein angiogram in the right eye reveals 
several leaking seafans with marked peripheral vascular occlusion. 

Fig. 5. Case 3. In the left eye the fundus photograph 
demonstrates preretinal fibrosis. 

Fig. 6. Case 3. An area of seafan is shown leaking dye on 
fluorescein angiography. 
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scattered small black sunbursts and foci of preretinal 
fibrous tissue (Fig. 3). In the superotemporal quad
rant, an area of seafan neovascularisation projected 
into the vitreous and was surrounded by a small 
tractional retinal detachment. 

Fluorescein angiography in the right eye revealed 
peripheral retinal vessel closure with arteriovenous 
shunts and profuse dye leakage from the supero
temporal seafan (Fig. 4). After 5 months, the right 
vision had improved to 6/12, with no change in the 
retinal detachment and fibrosis of the new vessels. 
Systemic examination failed to show any abnormality 
and the blood pressure was normal. Hb electrophor
esis showed HbC trait with a negative sickling test. 

Case 3 

A 32-year-old Ghanaian woman presented with a 
sudden reduction of vision and photopsia in the left 
eye. There was no history of trauma, she was known 
to be hypertensive but was currently not on treat
ment and denied sickle cell disease. There was no 
relevant family history. 

On examination, her visual acuities were 6/6 right 
and hand movements left. The anterior segments 
were unremarkable, the intraocular pressures were 
normal and there was a pigmented scar in the right 
fundus. In the left eye there was a dense vitreous 
haemorrhage which resolved to reveal a large 
atrophic and pigmented scar in the posterior pole 
and some peripheral preretinal fibrosis (Fig. 5). At 
no stage was there any clinical evidence of reactiva
tion of the retinal scar or intraocular inflammation. 

Fluorescein angiography (Fig. 6) revealed periph
eral capillary occlusion with an area of seafan 
neovascularisation superotemporally. Haemoglobin 
electrophoresis revealed HbC trait with a negative 
sickling test. 

DISCUSSION 

Retinopathy characterised by vascular occlusion, 
neovascularisation and haemorrhage has been 
reported in a variety of haemoglobinopathies, most 
commonly in SS and SC disease.7,9 Haemoglobins S 
and C arise by single amino acid substitutions: 
glutamic acid at position 6 on the normal HbA � 
chain is replaced by valine in HbS and lysine in 
HbC. \0 Under conditions of low oxygen tension, HbS 
aggregates to form tactoids (liquid crystals) which 
deform the erythrocyte cell membrane to produce 
the characteristic sickle shape,II,I2 Sickled red cells 
are less deformable and increase blood viscosity, 
leading to occlusion of capillaries, local ischaemia 
and further sickling, I 1,12 and the rapid destruction of 
abnormal erythrocytes produces a haemolytic anae
mia.1 Intravascular sickling has been believed to 
underlie all the clinical manifestations of sickle cell 
anaemia. I I 
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Under physiological conditions, HbAS erythro
cytes do not normally sickle and sickle trait was 
initially considered a benign condition.13,14 Sickling 
may occur with marked hypoxia, particularly if the 
oxygen affinity of haemoglobin is reduced (e.g. low 
pH, high pC0

2
, raised temperature), if there is a high 

concentration of HbS or increased blood viscos
ity.12.15 It is now recognised that, under certain 
conditions, those with sickle trait can develop 
haemolytic anaemia, renal papillary necrosis and 
haematuria, aseptic necrosis of the femoral head, 
splenic infarction, thrombosis of intracranial venous 
sinuses, pulmonary embolism, mesenteric artery 
occlusion, stroke and sudden death.1.l6-19 

Serious ocular complications of sickle trait are 
unusual, but have been described. Central retinal 
artery occlusion has been reported. not only in 
association with serious systemic disease or blunt 
ocular trauma but also without an obvious precipitat
ing cause.20-25 Secondary glaucoma, possibly due to 
the trapping of sickled erythrocytes in aqueous 
outflow channels, has been described following 
traumatic hyphaema,z6-28 Nagpal et a/.29 described 
seven patients with sickle trait and vasoproliferative 
retinopathy. but in all there was some evidence of 
systemic disease such as sarcoid, diabetes, tubercu
losis and syphilis. They suggested these systemic 
disorders created unfavourable conditions which led 
to enhanced sickling, and this was supported by other 
reports of typical sickle retinopathy in the presence 
of hypertension and diabetes.8.3o It appears, how
ever, that such retinopathy can occur without any 
other obvious precipitating cause.31.32 It may be that 
retinopathy in sickle trait is not as uncommon as 
usually thought. Welch and Goldberg32 found 27% 

of HbAS patients to show retinal change character
istic of sickle retinopathy. 

Homozygous HbC disease may be associated with 
moderate haemolytic anaemia, splenomegaly and 
abnormal numbers of target cells and microspher
ocytes.I,5.12 Abdominal and joint pain, seizures, 
epistaxis, haemoptysis and haematuria occur uncom
monly.1 HbC trait is generally thought to be a 
harmless variant, its only manifestation being an 
increase in target cells,33 although the occurrence of 
painless haematuria, osteomyelitis and radiological 
evidence of dental bone infarction has led some 
authors to suggest that HbC trait may not be 
completely benign.IA.34 

Although deoxygenated HbC does not form 
tactoids and, therefore, does not cause sickling, its 
presence does lead to important alterations in red 
blood cell function.1.33 The intra-erythrocyte solubi
lity of HbC is markedly less than that of HbA and 
this is further reduced by deoxygenation?5 In the 
homozygous state, tetragonal crystalloid inclusions of 
HbC are seen in some red cells, and with osmotic 
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dehydration crystal formation occurs in virtually all 
the cells.l ,12,35 ,36 HbCC and HbAC erythrocytes 
exhibit decreased plasticity and increase blood 
viscosity, proportional to the percentage of 
HbC,12,35 which may be due to the existence of 
h aemoglobin in a poorly soluble 'precrystalline 
state'.35 

It is conceivable that such rigid erythrocytes could 
occlude retinal capillaries and lead to a sickle-like 
ischaemic retinopathy without the requirement for 
sickling, particularly in the presence of other 
vasculopathies such as diabetes and hypertension, 
w hich coexisted in two of our cases. This suggestion 
is supported by previous observations. Moschan
dreou et at?7 reported typical sickle retinopathy in 
th ree cases of HbAC, two with seafan neovascular
isation. One of these patients was hypertensive but 
the other two were apparently healthy. Of nine 
h ealthy AC patients screened by Welch and Gold
berg32 three exhibited retinal vascular changes 
( venous tortuosity, chorioretinal scars and oblitera
tion of peripheral blood vessels) but no proliferative 
disease. It may be, then, that retinopathy is more 
common than previously thought in HbC trait. 
Alternatively, patients with AC and retinopathy 
may have additional risk factors. The effect of 
interactions between coexistent variants of haemo
g lobin on the clinical manifestations of haemoglobi
nopathy is well recognised.ll,12 The reasons for more 
severe retinopathy but milder systemic disease in 
HbSC than in HbSS are not yet fully understood,z,3,7 

but perhaps interhaemoglobin interactions are of 
particular importance in microcirculatory disorders 
such as retinal vasculopathy. In patients with HbAC 
and retinopathy there may be interactions between 
HbC and an abnormal haemoglobin indistinguish
able electrophoretic ally from HbA which have yet to 
be recognised. 

It appears that fundal changes characteristic of 
sickle retinopathy may occur in haemoglobinopathies 
in which frank sickling is not a feature. Further 
investigation of these patients may help to elucidate 
th e mechanisms of retinal disease in all the haemo
globinopathies and to account for the anomalous 
severity of ocular pathology in sickle-C disease. 

Key words: Haemoglobin C, Haemoglobinopathy, Retinopathy, 
Sickle trait. 
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