




Haemorheological changes in patients with retinal vein occlusion after isovolaemic haemodilution

years was significantly lower than in men of the
same age. There were no age related differences
within the groups of men and women. Table 2
gives the results of the old method before
modification ofthe aggregometer; all other tables
show the results ofthe new method after a stop to
0/s. Red cell filterability was not dependent on
age or sex. Measurements of whole blood vis-
cosity revealed a higher fluidity in women aged
30-50 years than in the group of >50 years at a
high shear rate, probably depending on a slightly
lower plasma viscosity and a decreased red cell
aggregation in this age group. Correspondingly,
men of the younger age group in comparison
with the younger women had higher whole blood
viscosity at the shear rates of 230/s and 23/s, Men
over 50 had higher whole blood viscosity only at
the shear rate of 23/s. These differences may be
due to the higher haematocrit ofmen. Our tables
show the results of the natural (unchanged
haematocrit) blood samples.

PATIENTS WITH RETINAL VEIN OCCLUSION
Table 3 shows the mean values of theological
data in patients with retinal vein occlusion
divided by age and sex. We found significant
differences between patients and control subjects
only in whole blood viscosity at a shear rate of
230/s. Women >50 years and men of 30-50 years
had lower whole blood viscosities than corres-

Table 3 Rheological data ofpatients with RVO dependent
on age and sex

Women Men

Mean SD n Mean SD n

Age RVO 30-50 44-8 4-7 10 44-9 2-6 7
RVO>50 68-3 8-4 35 63-0 8-9 31

HCT RVO 30-50 42-5 3-0 11 43-9 2-3 8
(%) RVO>50 41-7 2-3 35 44-8 3-4 31
PV RVO 30-50 1-30 0-08 11 1-32 0-08 8
(cSt) RVO>50 1-35 0-08 35 1-35 0-09 31
RCA RVO30-50 6-3 1-1 7 6-3 1-5 5

RVO>5 8-0 1-7 18 7-2 19 17
RCF RVO 30-50 20-7 6-9 10 24-1 2-2 7

RVO>5 23-9 5-5 32 24-1 7 0 28
WBV RVO30-50 4-2 0-5 11 4-3* 0-2 8
230/s RVO>50 4-1** 0-4 34 4-6 0-5 30
(cP)
WBV RVO 30-50 6-4 1-0 11 6-6 0 7 8
13/s RVO>50 6-3 0-8 34 7-3 1-1 30

30-50 and >50 refers to the age group. Significant
differences (*p<005, **p<0-01) refer to corresponding control
subjects. For other abbreviations see Table 2. RCA was measured
with the new method (shear rate of 600/s and then stop to 0/s.)

Table 4 Rheological data ofpatients over 50years ofage
with RVO dependent on the type ofocclusion

Women>SO Men>50

Mean SD n Mean SD n

Age RVOi 65-5 7-4 13 60-2 8-5 17
RVO ni 69-9 8-7 22 66-4 8-4 14

HCT RVO i 41-1 1-8 13 44-4 3-6 17
(%) RVO ni 42-0 2-5 22 45-2 3-1 14
PV RVO i 1-32 0-09 13 1-33 0-08 17
(cSt) RVO ni 1-36 0-07 22 1-37 0-09 14
RCA RVO i 6-9 1-5 5 6-9 1-8 10

RVO ni 8-4 1-7 13 7-7 2-2 7
RCF RVOi 23-9 5-9 11 23-5 8-1 17

RVOni 23-8 5-4 21 25-1 5-0 11
WBV RVOi 4-1 0-3 13 4-5 0-4 17
230/s RVO ni 4-2 0-4 21 4-7 0-5 13
(cP)
WBV RVOi 6-0 0-7 13 7-2 1-3 17
23/s RVO ni 6-5 0-9 21 7-5 1-0 13

i=Ischaemic, ni=Non-ischaemic. For other abbreviations see
Table 2.

ponding control groups. When dividing retinal
vein occlusion into ischaemic and non-ischaemic
types in the group older than 50 (the number of
the group aged 30-50 years of age was too small
to make this division), we found no significant
differences between the two types in any of our
measurements (Table 4). Nor did we find signifi-
cant differences between patients with retinal
branch vein occlusion and patients with central
retinal vein occlusion.

ISOVOLAEMIC HAEMODILUTION
Tables 5 and 6 and Fig 1 depict the results of
patients with retinal vein occlusion before and
after haemodilution. All four groups show sig-
nificant differences in haematocrit and whole
blood viscosity (230/s and 23/s) before and after
haemodilution, but no changes of plasma visco-
sity, red cell aggregation, or red cell filterability.

Discussion
The interpretation of basic Theological para-
meters in patients with disturbed retinal circula-
tion requires carefully selected and matched
control subjects. In addition, one has to avoid
methodological problems, especially in the
determination of red cell aggregation and red cell
filterability. Our patients and control subjects
were properly matched by sex, age, and, most
important, cardiovascular risk factors. Neverthe-
less it seems useful to compare the values obtained
from our control subjects with measurements
provided by other studies.'8 As expected, the
haematocrit values confirmed the independence
of age and the dependence on sex, as other
authors have shown.1819
The plasma viscosity proved to be indepen-

dent of sex, but men over 50 had a higher plasma

Table 5 Rheological data ofwomen with RVO before and
after isovolaemic haemodilution

Before IHD AfterIHD

Mean SD n Mean SD n pS
Women 30-S50
HCT 42-1 3-7 7 36-1 3-6 6 0-05
PV 1-29 0-1 7 1-32 0-11 6 ns
RCA 6-2 0-9 4 5-9 0-9 3 -
RCF 21-9 6-8 6 23-6 5-7 5 ns
Women <50
HCT 41-8 2-3 18 35-8 4-8 17 0-01
PV 1-34 0-09 18 1-31 0-09 17 ns
RCA 7-8 1-9 7 7-0 2-1 6 ns
RCF 21-7 4-9 16 20-0 7-6 16 ns

For abbreviations see Table 2.

Table 6 Rheological data ofmen withRVO before and after
isovolaemic haemodilution

Before IHD AfterIHD

Mean SD n Mean SD n ps

Men 30-50
HCT 43-8 2-4 7 36 2-5 7 0-01
PV 1-31 0-09 7 1-33 0-08 7 ns
RCA 6-3 1-5 5 6-2 0-9 5 -
RCF 24-5 2-1 6 19-6 9-9 7 ns
Men <SO
HCT 44-6 3-5 18 35-5 4-0 18 0-01
PV 1-35 0-09 18 1-34 0-09 18 ns
RCA 7-4 2-1 8 6-9 2-1 10 ns
RCF 23-6 7-8 16 26-1 7-3 15 ns

For abbreviations see Table 2.
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viscosity than younger men. Lowe and Forbes20
also reported a significant increase of plasma
viscosity in older people. On the other hand Jung
et al 1986 found neither a sex nor an age
dependence ofplasma viscosity. A reason for this
discrepancy may be a different prevalence of
cardiovascular risk factors, which were absent in
the subjects studied by Jung et al.'8 It is known
that cardiovascular diseases and even hyper-
tension increase the plasma viscosity.I'22
Red cell aggregation was lower in women than

in men between 30 and 50 years. This contrasts
with the results of Jung et al'8 who found no sex

dependence with the Mini Erythrozyten-
Aggregometer in age groups ofhealthy volunteers
over 30 years.
Measurements of the filterability of erythro-

cytes are still a matter of much controversy22-25
and can only be tentatively interpreted. We do
not know whether our in-vitro test reflects the in-
vivo behaviour of red cells in the microcircula-
tion. The technical problem of standardized
filters has not yet been solved. Furthermore the
role of artefacts caused by washing procedures to
reduce the leucocyte concentration is not known.
Our study of red cell filterability in control
subjects did not reveal any age or sex dependence,
which is in accordance with the data given by
Jung et al,'8 but it has to be noted that these
authors used the single erythrocyte rigidometer.

In general, we found no differences in basic
haemorheological parameters between patients
with retinal vein occlusion and control subjects
of the same age and the same prevalence of
cardiovascular risk factors. In addition, no

haemorheological differences could be detected
between patients with ischaemic and non-

ischaemic retinal vein occlusion.
In contrast to Ring et all and Trope et at' we

found no higher haematocrit values in patients
with retinal vein occlusion, but those authors did
not take into account the distribution ofmen and
women. Ring et al did not state the sex distri-
bution, and Trope et al had a higher percentage
ofmen than women in the ischaemic group (65%

vs 36% in non-ischaemic RVO), which might
account for a higher haematocrit. Correspond-
ingly the same authors found higher whole blood
viscosity in patients with ischaemic retinal vein
occlusion. Peduzzi et al' found increased whole
blood viscosity in all patients with retinal vein
occlusion at a shear rate of 23/s. We have no
explanation for these differences in our results,
as Peduzzi used the same methods as we did.
McGrath et all found higher whole blood visco-
sity in 53% of their patients with retinal vein
occlusion, but they used considerably lower
shear rates for their investigations, so that their
results are not comparable with ours.
As to the plasma viscosity, we could not con-

firm the results of earlier investigations,'3 as we
did not find raised plasma viscosities in RVO
patients. Dodson et a126 found raised plasma
viscosities in patients with retinal vein occlusion
only in comparison with controls without hyper-
tension. It is known that cardiovascular risk
factors can lead to an increase of plasma viscosity
and other Theological parameters.'22' This may
explain why our patients with retinal vein
occlusion had similar values of plasma viscosity
as control subjects, as we had almost the same
prevalence of at least two cardiovascular risk
factors (about 55%) in both groups. If one
compares our numerical values of plasma vis-
cosity with those ofa healthy reference population
without cardiovascular risk factors, as inves-
tigated by Jung et al'8 the plasma viscosity of our
groups seems to be raised. So it is not surprising
that people with retinal vein occlusion and risk
factors have increased plasma viscosity in com-
parison with controls without risk factors.

Until now there have been no investigations
into red cell aggregation in patients with retinal
vein occlusion. Because the method was changed
we unfortunately have only small numbers of
comparable patients and control subjects, but
between these small groups we found no signifi-
cant differences.

Peduzzi et all reported decreased red cell
filterability in patients with retinal vein occlusion.
However, they used the method of whole blood
filtration,27 which can no longer be regarded as a
reliable method for red cell filtration.25

Haemodilution by definition decreases the
haematocrit and hence should lower whole blood
viscosity. This could be demonstrated in all
haemodiluted patients. The increased fluidity of
the whole blood was induced only by reduction
of the haematocrit. All other basic Theological
parameters remained unchanged by haemo-
dilution. Kiesewetter et al28 have shown, albeit
using different methods, that red cell filterability
was increased and red cell aggregation reduced
by a combination of iso- and hypervolaemic
haemodilution in patients with peripheral arterial
occlusive disease. This was not confirmed by
Heinen et al' in patients with retinal vein occlu-
sion, who reported no change of red cell filter-
ability after haemodilution and an increase of red
cell filterability after hypervolaemic haemo-
dilution. Our finding of an unchanged plasma
viscosity is supported by both studies.7 28

In conclusion, our study has demonstrated
that patients with retinal vein occlusion do not
have a different haemorheological profile when
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compared with control subjects matched for age,
sex, and risk factors. Furthermore, the deter-
mination of plasma viscosity, red cell aggre-
gation, red cell filterability, and haematocrit
does not help in the clinically important differen-
tial diagnosis of ischaemic versus non-ischaemic
retinal vein occlusion. But the measurement of
the haematocrit remains necessary, as this value
is important for monitoring the isovolaemic
haemodilution. Lack of measurable systemic
theological abnormalities does not exclude local
changes of fluidity in retinal vein occlusion,
which becomes obvious by fluore cein
angiography.1'0 Furthermore, haemodiluti
improves the visual outcome of many patients
with retinal vein occlusion67 910 by improving the
retinal microcirculation, as has been shown by a
decrease of time of maximal venous filling."'O
These beneficial effects ofhaemodilution may be
mediated by a decreased blood viscosity.
This study was supported by the Deutsche Forschungsgemein-
schaft (grant Ga 225/1-6).

1 Ring CP, Pearson TC, Sanders MD, Wetherley-Mein G.
Viscosity and retinal vein thrombosis. BrJ Ophthalmol 1976;
60: 397-410.

2 McGrath MA, Wechsler F, Hunyor ABL, Penny R. Systemic
factors contributory to retinal vein occlusion. Arch InterMed
1978; 138: 216-20.

3 Trope GE, Lowe GDO, Meardle BM, et al. Abnormal blood
viscosity and haemostasis in long-standing retinal vein
occlusion. BrJ Ophthalmol 1983; 67: 137-42.

4 Peduzzi M, Debbis A, Guerrierri F, Bolzani R. Abnormal
blood viscosity and filterability in retinal vein occlusion. Clin
Hemorheol 1984; 4: 555-61.

5 Wiederholt M, Leonhardt H, Schmid-Schonbein H, Hager H.
Die Behandlung von Zentralvenenverschlussen und
Zentralarterienverschlussen mit isovolamischer Hamo-
dilution. Klin Monatsbl Augenheilkd 1980; 177: 157-164.

6 Hansen LL, Danisevskis P,ArntzHR, HovenerG, Wiederholt
M. A randomised prospective study on treatment of central
retinal vein occlusion by isovolaemic haemodilution. Br J
Ophthalmol 1985; 69:108-16.

7 Heinen A, Brunner R, Hossmann V, Konen W, Roll K, Warer
T. Different types of therapy having hemorheological effects
in patients with impairment of blood supply to the retina
(randomised double blind study). Clin Hemorheol 1986; 6:
61-71.

8 Hansen LL, Wiek J, Wiederholt M. A randomised prospec-
tive study of treatment of non-ischaemic central retinal vein
occlusion by isovolaemic haemodilution. Br J Ophthalmol
1989; 73: 895-899.

9 Hansen LL, Wiek J, Schade M, Muller-Stolzenburg N,
Wiederholt M. Effects and compatibility of isovolaemic
haemodilution in the treatment of ischaemic and non-
ischaemic central retinal vein occlusion. Ophthalmologic
1989; 199: 90-9.

10 Hansen LL, Wiek J, Arntz HR. Randomisierte Studie zur
Wirkung der isovolamischen Hamnodilution bei retinalen
Venenastverschliissen. Fortschr Ophthalmol 1988; 85:
514-6.

11 Hayreh SS. So-called central retinal vein occlusion. I. Patho-
genesis, terminology, clinical features. Ophthalmologica
1976; 172: 1-13.

12 Leonhardt H, UthoffA, UthoffC. Voliblut- und Plasmavisko-
sitat bei koronaren Risikofaktoren. Klin Wochenschr 1977;
55: 481-5.

13 Kiesewetter H, Radtke H, Schneider R, Mussler K, Scheffler
A, Schmid-Schobein H. Das Mini-Erythrozyten-Aggrego-
meter: Ein neues Gerat zur schnellen Quantifizierung des
Ausmasses der Erythrozytenaggregation. Biomed Tech
(Berlin) 1982; 27: 209-13.

14 Seiffge D. Correlation of different methods to determine red
blood cell deformability. Clin Hemorheol 1984; 4: 263-73.

15 Wells RE, Denton R, Merrill EW. Measurement of viscosity
of biologic fluids by cone plate viscometer. J Lab Clin Med
1%61; 57: 646.

16 Ernst E, Matrai A. Rotationsviskometer in Hamorheologie.
Arztl Lab 1982; 28: 33-8.

17 Inglis TCM, Carson PJ, Stuart J. Clinical measurement of
whole-blood viscosity at low-shear rates. Clin Hemorheol
1981:1:167-77.

18 Jung F, Kiesewetter H, Roggenkamp HG, et al. Bestimmung
der Referenzbereiche rheologischer Parameter: Studie an
643 zufallig ausgewahlten Probanden im Kreis Aachen. Klin
Wochenschr 1986; 64: 375-81.

19 Shahidi NT. Androgens and erythropoesis. N Engl J Med
1973; 269: 72.

20 Lowe GDO, Forbes CD. Blood rheology and thrombosis. Clin
Haematol 198 1; 10: 343-367.

21 Letcher RL, Chien S, Pickering TG, Sewley JE, Laragh JH.
Direct relationship between blood pressure and blood
viscosity in normal and hypertensive subjects. Am J Med
1981; 70: 1195-9.

22 Chien S. Principles and techniques for assessing erythrocyte
deformability Blood Cells 1978; 3: 71-76.

23 Meiselman HJ. Measures of blood rheology and erythrocyte
mechanics. In: Codelett GR. Meiselman HJ, Brooks DE,
eds. Erythrocytes mechanics and blood flow. New York:
Springer, 1980: 75-80.

24 Dormandy J. Clinical relevance of filtration tests. In: Dor-
mandy J, ed Red cell deformability andfilterability. Den Haag:
Nijhoff, 1983: 176-82.

25 Chien S. Specific recommendations for filtration tests. In:
Dormandy J, ed. Red cell deformability and filterability. Den
Haag: Nijhoff, 1983: 216.

26 Dodson PM, Galton DJ, Hamilton AM, Blach RK. Retinal
vein occlusion and the prevalence of lipoprotein abnor-
malities. BrJ Ophthalmol 1982; 66: 161-4.

27 Reid HL, Barnes AJ, Lock PJ, Dormandy JA, Dormandy TL:
A simple method for measuring erythrocytes deformability.
J Clin Pathol 1976; 29: 855-8.

28 Kiesewetter H, Jung F, Lazar H, Roggenkamp HG, Leipnitz
G, Kiehl R. Hematocrit as a risk for vascular disease. Klin
Wochenschr 1986; 64: 974-8.

669

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjo.74.11.665
 1990 74: 665-669Br J Ophthalmol

 
J Wiek, M Schade, M Wiederholt, et al.
 
haemodilution.
retinal vein occlusion after isovolaemic 
Haemorheological changes in patients with

 http://bjo.bmj.com/content/74/11/665
Updated information and services can be found at: 

These include:

References
 http://bjo.bmj.com/content/74/11/665#related-urls

Article cited in: 

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/content/74/11/665
http://bjo.bmj.com/content/74/11/665#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

