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SUMMARY Haematological and rheological (plasma and serum viscosity, whole blood viscosity,
and erythrocyte filterability) factors were studied in 31 age-sex matched pairs of patients with sickle
cell haemoglobin C disease with and without proliferative sickle retinopathy (PSR). Patients with
PSR had significantly higher mean cell haemoglobin and lower Hb F levels on average than the
matched controls, but the viscosity and erythrocyte filtration indices did not differ between the 2
groups. There was, therefore, no evidence of rheological differences between patients with and
without PSR at the time of the study, although transient rheological abnormalities at the time of
development of PSR could not be excluded. Prospective longitudinal studies of rheology before,
during, and after the development of PSR would be necessary to detect such changes.

Proliferative sickle retinopathy (PSR) is an important
complication of sickle cell disease and is a con-
sequence of vaso-occlusion in the peripheral retina.'
It occurs most commonly in sickle cell-haemoglobin
C (SC) disease2which is an otherwise generally benign
clinical condition. The reasons for the greater
prevalence of ocular complications in SC disease are
not understood. Preliminary observations which had
suggested that the prevalence was related to high
haemoglobin levels were not confirmed by further
analysis that showed the effect to be entirely
secondary to a strong age related trend in haemo-
globin level.3 Significant haematological relation-
ships that were found with PSR in SC disease included
a high mean cell volume (MCV) in males and low
fetal haemoglobin (HbF) in both sexes.3
There remained the possibility that some deter-

minant of blood flow or viscosity other than those
observed on routine haematological examination
contributed to this susceptibility to PSR in SC disease.
Blood rheology is known to be abnormal in homo-
zygous sickle cell (SS) disease, these patients showing
a raised blood viscosity, provided adjustment is made
for the low haematocrit,4 and a loss of erythrocyte
deformability5 compared with normal controls.
Correspondence to Dr G. R. Serjeant, Medical Research Council
Laboratories, University of the West Indies, Mona, Kingston 7,
Jamaica, West Indies.

Similar, but less marked, changes in blood viscosity6
and in erythrocyte deformability7 have been
described in SC disease. These haemorheological
abnormalities are of importance in the pathophysi-
ology of the sickle cell disorders, and a study has
therefore been made of blood viscosity and erythro-
cyte deformability in patients with SC disease to
determine their relationship with the presence of PSR.

Materials and methods

The patients were drawn from the sickle cell clinic of
the University Hospital of the West Indies, and from
a group of peripheral sickle cell clinics operated by
the staff of the MRC Laboratories. Patients with PSR
were randomly selected (usually the first 4 patients
attending each day) from attendances at special sickle
cell eye clinics conducted during a 3 week period in
August and September 1981. There were 31 patients
(14 male, 17 female) and each was matched as closely
as possible by date of birth with a patient with SC
disease of the same sex in whom recent ophthalmo-
logical examination (within one year) had shown no
evidence of PSR. Ages ranged from 15 to 52 years in
both patients with PSR (mean age 30-9 years) and
controls (mean age 31-1 years), and in no case did the
age difference within matched pairs exceed 2 years.
When possible, controls were studied on the same
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Fig. 1 Example ofpressure-time curve, obtained by
positive-pressurefiltration ofwashed erythrocytes, toshow
the 4 readings taken-initialpressure (Pi), slope 1, slope2,
andfinalpressure (Pf).

day as the index case and the staff performing the
viscosity and filtration studies were unaware of the
status of the patient.
Techniques for ocular examination' and for the

diagnosis of SC disease2 have been previously
described. Routine haematological procedures were

used.3 Plasma fibrinogen was measured by the clot
weight method.8 Blood viscosity was measured at
medium (23 s-') and high (230 s-') shear rates in a

Wells-Brookfield microviscometer, and serum and
plasma viscosity in a Coulter-Harkness capillary
viscometer as described elsewhere.' Erythrocyte
deformability (filterability) was measured by a

positive pressure constant flow system using 5 ,um
pore-diameter polycarbonate membranes (Nucleo-
pore Corporation, Pleasanton, USA), as previously
described.9 The pressure-time curves were always
performed in duplicate, and if disparate were

repeated a third or fourth time until reasonable
duplicates were obtained.
Four separate readings were taken from each

pressure-time curve (Fig. 1). The initial steep slope
(slope 1) represented the rise in pressure as the
erythrocytes encountered the filter and the second
more gradual slope (slope 2) represented the incre-
ment in pressure needed to maintain filtration. The
initial pressure (Pi) was measured in mmHg by extra-

polating slope 2 back to the start of filtration, and the
final pressure (Pf) was measured as the pressure in
mmHg reached after 7 minutes of filtration. All 4
parameters were strongly correlated and Pi and slope
2 were therefore selected to define the characteristics
of the curve.

Statistical analysis was by Student's t test and by
multiple logistic regression. "' Variables with skewed
distributions (reticulocytes, HbF, fibrinogen, adjusted
whole-blood viscosity at 23 s-', and slope 2) were

transformed as follows: loge (retics+ 1), loge
(HbF+1), loge (fibrinogen), log, (23 s-'), and loge
(slope 2+1) to provide approximately normal
distributions.

Results

Comparison of routine haematological indices in
patients with and without PSR (Table 1) indicated
higher values on average for total haemoglobin (Hb),
haematocrit (HCT), mean cell volume (MCV), mean
cell haemoglobin (MCH), and mean cell haemoglobin
concentration (MCHC), and lower values for reticu-
locytes and Hb F in patients with PSR, but only the
differences in MCH and Hb F reached statistical
significance.
Comparison of the viscosity and filtration values

(Table 2) indicated no significant differences between
the 2 groups.

Multiple logistic regression analysis was used to
explore whether PSR was related to some combina-
tion of the variables studied. While this analysis con-
firmed the association ofPSR with low Hb F and high
MCH, no other variable contributed significantly to
the fit of the regression model.

Discussion

The present study has failed to detect rheological
differences between patients with SC disease with

Table 1 Comparison ofhaematological indices (mean and SD) in 31 matched pairs ofpatients with SC disease with
and without PSR

PSR +ve PSR -ve t Significance

Mean SD Mean SD

Hb (g/dl) 12-6 1.1 12-0 1-3 1-86 NS
HCT 0-343 0-032 0-328 0-035 1-69 NS
MCV (fl) 84-9 6-8 82-2 5-8 1-54 NS
MCH (pg) 29-9 2-4 28-3 2-8 2-48 p<0-05
MCHC (g/dl) 36-9 1-3 36-4 1-3 1-45 NS
Log(% retics+1)* 1-34(2-8) 0-47 1.46(3-3) 0-46 -0-89 NS
Loge(% HbF+1) 0-53 (0-7) 0-27 0.78 (1-2) 0-46 -2-77 p<0-01
Loge(g/l fibrinogen) 1-12 (3-1) 0-27 1-08 (2-9) 0-36 0-46 NS

*Analysis restricted to 28 pairs with complete data.
Figures in parentheses represent mean values re-expressed in original units.
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and without PSR. It could be argued that the tech-
niques for measuring viscosity were relatively insen-
sitive, but it is felt unlikely than an important
difference would have been missed.
There was no evidence of hyperviscosity in patients

with PSR. Viscosity is directly proportional to the
haematocrit," l and soby inference to the haemoglobin
level, but no significant difference in haematocrit,
haemoglobin, or whole blood viscosity at high or
medium shear rates was apparent between patients
and controls. Viscosity at low shear rate was not
measured, although plasma and serum viscosities,
which reflect intravascular protein concentration, the
major determinant of viscosity at low shear, 12 showed
no difference between the 2 groups.

Erythrocyte deformability may be assessed either
by measuring high shear blood viscosity when
adjusted to a standard haematocrit, or by erythrocyte
filterability.'2 Erythrocyte filterability is reduced in
both SS and SC disease, and since deformability is an
important determinant of blood flow in the micro-
vasculature it was logical to examine whether a

difference occurred between patients with and
without PSR. No difference in deformability could be
demonstrated whether assessed as high shear viscosity
or as erythrocyte filterability through 5 ,um pores.
A more serious limitation of the present study was

the possible discrepancy in time between the age at
development of PSR and the age at the time of the
study. It is known that PSR develops at different ages
in different patients. 3 If acute short-lived changes in
blood rheology were responsible for the initial
development of PSR, these may not have been
detectable years later at the time of the study, and
such a possibility could only be excluded by prospec-

tive longitudinal studies of rheology before, during,
and after the initial development of PSR.

Previously recognised haematological differences3
between patients with SC disease with and without
PSR were confirmed in the present study. A high Hb
F level appears to protect against PSR in both SS"'
and SC3 disease, the most likely mechanism being
inhibition of in-vivo sickling. 1' It is generally
recognised that vaso-occlusive episodes occur more
frequently in SS than in SC disease, and the greater
prevalence of PSR in SC disease was an unexpected
and enigmatic observation. It would be unlikely that
the peripheral retinal vasculature would form an

exception to this pattern of greater vaso-occlusion in
SS disease, and studies in children have confirmed
that retinal vaso-occlusion is more common in SS
than in SC disease. 16
The apparent conflict between the observations of

greater vaso-occlusion in SS disease yet more frequent
PSR in SC disease could be resolved by the different
tendencies to autoinfarction in the 2 genotypes.
Autoinfarction of PSR is known to occur more
frequently in SS disease,'3 and a similar propensity to
autoinfarction could affect the abnormal arterio-
venous communications that precede the develop-
ment of PSR. It might then be possible to envisage
several models depending on the tendency to vaso-
occlusion in the peripheral vasculature. Patients with
the highest vaso-occlusive indices would develop
extensive retinal vaso-occlusion but not proceed to
PSR because of occlusion of the preceding anasto-
motic circulation. Patients with moderate vaso-

occlusive indices would develop less extensive retinal
ischaemia, but abnormal arteriovenous communica-
tionswould be more likely to proceed to PSR. Patients

Table 2 Comparison ofrheological indices (mean and SD) in 31 matched pairs ofpatients with SC disease with and
without PSR

PSR +ve PSR -ve t Significance

Mean SD Mean SD

Plasma viscosity (mPas) 1-66 0-08 1-67 0-10 -0-67 NS
Serum viscosity (mPas)* 1-53 0-06 1-54 0-09 -0-56 NS
Whole-blood viscosity (mPas)

at patient's HCT
23 s1'** 8-91 1-83 9-26 1-99 -0-66 NS
230 s'** 5-75 0-89 5-76 0-75 -0-03 NS

at 0-45 HCT
loge(23 s7') 2.65 (14-1) 0-15 2-70 (14-8) 0-18 -1-23 NS
230 s-' 8-62 1-18 8-24 0-95 1-47 NS

Erythrocytefilterability
Pi (mmHg) 12-80 3-48 12-45 3-75 0-34 NS
loge (slope 2+1) 0-80 (1-2) 0-30 0.83 (1-3) 0-32 -0-51 NS

*Analysis restricted to 29 pairs with complete data.
**Analysis restricted to 30 pairs with complete data.
Figures in parentheses represent mean values re-expressed in original units.
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with minimal vaso-occlusion would be less likely to
develop retinal ischaemia and therefore unlikely to
develop PSR. Patients with SC disease would
resemble the model with moderate vaso-occlusive.
indices.

Further attention should be directed at the deter-
minants of autoinfarction, and the proposed
hypothesis of 3 models according to vaso-occlusive
index is amenable to testing.
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