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TABLE V Familial clustering ofproliferative sickle retinopathy within families with SC
disease

Number ofsiblings examined

2 3

Sibling Observed Expected Observed Expected
with PSR (0) (E) O-E (0) (E) O-E

0 1 1 10-1 0-9 3 2-3 0-7
1 13 151- -2-1 4 4-5 -0-5
2 10 8-8 1-2 2 3-7 -1-7
3 - - - 3 1-5 1-5

analysis. In SC disease there were 62 families
with two or more affected siblings for whom the
results of eye examinations were available (34
sets of two siblings, 12 sets of three siblings, and
one set of six siblings). From age/sex specific
prevalence data the probability ofobserving 0, 1,
2, or 3 siblings with PSR within each family was
calculated. Summing these probabilities over
families gave the expected numbers of families
with 0, 1, 2, or 3 cases of PSR. Familial
clustering would be indicated by an excess of
families in which none or all of the siblings had
PSR, which was not supported by the data
(Table V). In the family of six siblings five had
PSR, but this was not an improbable occurrence
(1-sided exact probability test, p=- 15).

HAEMATOLOGICAL VARIABLES
Comparison of haematological variables in
patients with and without PSR showed signifi-
cant associations of PSR with high Hb in SS
males and a low HbF in SS patients of both sexes

(Table VI). In SC disease there were associations
with high Hb and high MCHC in males and with
high MCV and low HbF in both sexes (Table
VII).

Further examination of these relationships by
multiple logistic regression analysis, which
allows for effects ofage and for interrelationships

between haematological variables, showed that
in SS disease both the high Hb for males and low
HbF in both sexes remained significant (Table
VIII). In SC disease all the significant relation-
ships in males apparent on simple regression
were no longer significant, though a low HbF
and a highMCV remained significant in females.
The effects of these factors can be illustrated by
using the fitted logistic regression models to
predict the probability of PSR. For example, a

35-year-old SS male with Hb 7 g/dl and HbF 6%
would have a 6% chance of having PSR, whereas
with Hb 10 g/dl and HbF 1-5% this would rise to
53%. A 35-year-old SC female with Hb 12 g/dl,
mean corpuscular haemoglobin concentration
(MCHC) 35 g/dl, mean cell volume (MCV) 75 fl,
and HbF 2% would have a 29% chance of having
PSR, though changing the latter two indices to
90 fl and 0 5% would increase this chance to
92%.
The a globin gene number was known in 351/

786 (45%) SS patients. PSR was observed at the
first visit in 2/42 (5%) SS patients homozygous
for a thalassaemia, 8/116 (7%) SS patients
heterozygous for a thalassaemia, and 15/192
(8%) SS patients with a normal a globin gene
complement, with no significant difference
between groups. Among SS patients with a
normal a globin gene complement PSR occurred
in 10/82 (12%) males compared with 5/110 (5%)
females, though this difference just failed to
reach statistical significance (z= 1-95, p=0 05 1).
No a globin gene number data were available in
SC disease.

Discussion
The observation that proliferative sickle retino-
pathy occurs at such high frequency in a gener-
ally benign genotype of sickle cell disease is of
considerable interest. Most patients with sickle
cell haemoglobin C disease run a mild clinical

TABLE VI Some haematological indices in 740 patients with SSdisease with and without proliferative sickle retinopathy
Males Females

PSR +ve(n=41) PSR -ve (n-265) PSR +ve(n=46) PSR -ve (n-388)
Significance Significance

Mean SD Mean SD t Mean SD Mean SD I

Hb(g/dl) 8-81 1-59 8-06 1-20 3 65*** 7-75 1 16 7-88 1-05 0-76
MCHC(g/dl) 33-8 1-5 33 9 1 7 0 43 33 5 1 6 33-9 1 7 1 49
MCV(fl) 86-7 8-0 87-4 7 9 0 50 89-2 8-7 89-3 7 9 0-08
Reticulocytes(%) 95 3-4 10-5 3-6 1-71 10 5 3 5 10 1 3-3 0-73
Logio(HbF+ l)t 0 58 (2 8) 0-22 0-69 (3 9) 0 25 2-63** 0-71(4-1) 0-23 0-80 (5 3) 0-24 2.71**
Platelets(xlO'/l) 372 122 417 142 1-88 419 130 423 138 0 16
Log1o bilirubint 1-70 (50) 0-21 1-68 (48) 0-23 0-68 1 63 (43) 0-22 1-65 (45) 0 21 0-68
Serum iron (mmol/l) 16-8 4 9 15-9 4-7 1-55 15-0 4-3 16 3 5-5 1 50

tFigures in parentheses are means re-expressed in original units, HbF(%), bilirubin (mmol/1). Significance: *p<005; **p<0O01; ***p<0. O1.

TABLE VII Some haematological indices in 441 patients with SC disease with and without proliferative sickle retinopathy
Males Females

PSR +ve (n IOS) PSR -ve (n 97) PSR +ve(n=97) PSR -ve(n 142)
Significance Significance

Mean SD Mean SD t Mean SD Mean SD t

Hb(g/dl) 12-82 1-36 12-14 1-35 3.52*** 11-23 1-17 11-30 1-03 0 50
MCHC(g/dl) 359 1-2 35-5 1-4 2-31* 35-5 1-2 35-7 1-4 0-87
MCV (fl) 84-9 6-2 80-6 7 0 4-64*** 833 60 804 6-6 342***
Reticulocytes (%) 4 0 1-4 3-9 1-5 0 59 3-8 1-3 4 0 1-7 0 74
Loglo (HbF+ 1)t 0-26(0-8) 015 0-32(1-1) 0-21 2-42* 0 28(0-9) 0-15 0-36(1-3) 0-20 3-13***
Platelets (x 10/1) 265 114 287 108 1-32 263 106 264 99 0 10
Loglobilirubint 1-40(25) 0-20 1-38(24) 0-20 0-51 1-31(20) 0-16 1-31(20) 0-22 0-26
Serumiron(mmol/) 15-3 5-1 15-5 4-5 0-41 14-4 4-5 14-0 4-4 0 70

tFigures in parentheses are means in original units, HbF(%), bilirubin (mmol/l). Significance: *p<005; **p<cO01; ***p<O.)O1.
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TABLE VIII Relationship ofselected haematological indices and proliferative sickle
retinopathy analysed by multiple logistic regression

sS Sc

Males Females Males Females

Slope p Slope p Slope p Slope p

Hb 0-56 <0-001 0-26 0-1 -0-01 0-99 -0-10 0-6
Logio (HbF+ 1) -2-55 0-003 -2-53 <0-001 -1-12 0-3 -4-5 <0-001
MCV 0-05 0-08 0-13 <0-001
MCHC 0-21 0-2 -0-30 0-07

course with near normal haematology and infre-
quent vaso-occlusive episodes. Patients with
homozygous sickle cell disease generally have
frequent vaso-occlusion and a severe clinical
course, yet proliferative sickle retinopathy is
significantly less frequent. This enigma suggests
that the two genotypes may be useful models for
understanding the risk factors for PSR.
One hypothesis attempting to reconcile this

unexpected observation envisaged three models
with different vaso-occlusive tendencies.'01'
Patients with low vaso-occlusive indices would
be unlikely to develop retinal ischaemia and
therefore have no stimulus to develop PSR.
Patients with moderate vaso-occlusive indices
would develop peripheral retinal closure and
proceed to the development of preproliferative
or proliferative disease. Patients with high vaso-
occlusive indices would develop extensive
peripheral retinal vascular closure, with a
stimulus to PSR formation, but would proceed
to occlude preproliferative arteriovenous
anastomoses or nascent PSR. It was proposed
that SC disease represented the intermediate
model, with sufficient vaso-occlusion to produce
retinal ischaemia but insufficient to occlude the
lesions of developing PSR. An analogous situa-
tion would be the persistence of splenomegaly in
SS patients with high levels of HbF,"1 represent-
ing the survival ofa capillary bed not damaged by
vaso-occlusion and hence an expression ofpatho-
logical mildness.

This hypothesis implies that the risk factors
for retinal vaso-occlusion may differ from those
for PSR. Only limited data are available on the
risk factors for peripheral retinal vaso-occlusion.
Observations in the Jamaican cohort study con-
firmed that closure generally increased progres-
sively with age, was more common in males than
females at an early age, and was not significantly
more frequent in SS disease.' Analysis of
haematological risk factors in SS disease showed
that retinal closure was significantly associated
with low total haemoglobin, low fetal haemo-
globin, a high reticulocyte count, and high
counts ofirreversibly sickled cells. 14 The effect of
total haemoglobin disappeared on multiple
logistic regression,"' suggesting that its effect was
entirely secondary to its relationship with HbF,
but a later matched pairs analysis ofpatients with
minimal or complete closure' showed an

independent effect of haemoglobin level. In SS
disease, therefore, closure was associated with
low Hb, low HbF, high reticulocyte, and high
ISC counts whereas PSR was associated with a

high Hb (males only) and low HbF. In SC
disease closure was associated with a high
reticulocyte count,' though this was not
apparent on a later matched pairs analysis, which.

showed effects of high MCV and low platelet
counts.'3 By contrast haematological risk factors
for PSR in SC disease were apparent only in
females and included a high MCV and low HbF.
The results of analysis for haematological risk

factors for PSR in the present study are broadly
similar to previous observations. In SS disease
observations in males were identical to those of
Hayes et all whereas in females a previously
noted and unexplained contribution of low
serum iron was lost, and an effect of low HbF
has emerged in the present study. In SC disease
the results on simple regression in males were
again identical to those of an earlier study,2
though logistic regression in the currently avail-
able larger data set shows that none of the
apparent contributions of high Hb, low HbF,
high MCHC, and high MCV remain significant.
In females only a low HbF was significant in the
earlier study, but a high MCV also appears to be
a risk factor.
These haematological data may contribute to

the understanding of the mechanisms of PSR
formation, since different indices are believed to
affect flow in different sized vessels. Thus flow in
large vessels is affected predominantly by
viscosity (haemoglobin, haematocrit) or number
of particles (red cell count), whereas flow in the
capillary bed is affected by the characteristics of
the individual red cells such as membrane
deformability and intracellular viscosity. In
sickle cell disease the latter is particularly
affected not only by theMCHC but also by HbF,
which affects the intracellular polymerisation of
HbS. The haematological data are therefore
more consistent with a capillary site of obstruc-
tion. Furthermore the lack of demonstrable
differences in blood viscosity between groups
with and without PSR in SS" and SC'" disease is
less consistent with a role of larger vessel flow.
The elegant angiographic studies of Galinos et
all' showing non-perfusion at or near Y shaped
branches of the precapillary arterioles would be
consistent with either interpretation.

Other observations in the present study have
contributed to the understanding of PSR. Both
the prevalence and incidence data show that PSR
is rare in the first decade, suggesting that exten-
sive retinal damage must have accumulated
before the PSR develops. The high frequency of
bilaterality suggest that systemic factors con-
tribute to the development of PSR, though the
lack of simultaneous development argues against
a role of acute haematological change or a severe
clinical event. The analysis of familial clustering
was limited by the relatively small numbers
available, and, though showing a trend in that
there was a slight excess offamilies in which all or
none of the siblings had PSR, the differences
were far short of significance, contrary to our
clinical impression.
Do the available data fit the hypothesis? The

first model of low vaso-occlusive indices is self-
evident, since PSR does not develop in the
absence of retinal ischaemia. However, this is
likely to be a small group, since retinal closure
occurred in approximately 90% children by 12
years of age,'3 the factors protecting against
closure being either homozygous a thalassaemia
or very high levels of HbF. The middle group
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with moderate vaso-occlusive indices should
include the majority of SC patients and a smaller
proportion of those with SS disease. The group
with high vaso-occlusive indices should contain
predominantly patients with SS disease. This
genotype is already recognised to be associated
with increased autoinfarction of established
PSR,'6 but, if the hypothesis is correct, patients
with the greatest vaso-occlusion should be
experiencing preproliferative changes and not
proceeding to the development ofPSR.

Testing the hypothesis requires an accurate
indicator ofvaso-occlusive tendency. Using HbF
level as such an indicator, we could not demon-
strate a lower frequency of PSR among those
with the lowest HbF levels. Although inconsist-
ent with the hypothesis, this observation casts
doubt on the validity of HbF as an indicator of
vaso-occlusion and does not necessarily refute
the hvvothesis.
We thank other ophthalmologists associated with the Jamaican
ophthalmic studies, especially Mr Patrick Condon, Robert
Acheson, and Brendan Moriarty, who have all contributed to the
data. We thank Dr Douglas Higgs for the studies on ca globin gene
number.
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