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Study of erythrocyte density and deformability in patients with hemolytic anemia, including 
long-term monitoring of 5 patients, helped us to characterize the pathological processes 
leading to changes in the erythrocyte population at different terms of the disease and to detect 
its main stages (agglutination, pathological dehydration, combination of pathological dehyd- 
ration and microvesiculation, hemolytic crisis, and remission). 
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Autoimmune hemolytic anemia (AIHA) is characteri- 
zed by the presence of antibodies to patient's own 
erythrocytes provoking assembly of complement com- 
ponent complexes [7]. The intricate interactions of 
erythrocytes with antibodies and complement com- 
ponents in AIHA lead to various changes in the ery- 
throcyte population provoked by agglutination, de- 
hydration [4], and microvesiculation [8] of red blood 
cells, as well as sequestration of damaged erythrocytes 
and release of reticulocytes of different degree of ma- 
turity into the blood flow. 

We analyzed the type and degree of erythrocyte 
damage during different periods of AIHA, examined 
their density and deformability. 

MATERIALS AND METHODS 

AIHA was diagnosed on the basis of results of routine 
tests (Coombs' test, polybrene test). Blood for the 
analysis was collected from the ulnar vein and stabili- 
zed with heparin. Resuspending solution contained 10 
mM HEPES, 3.5 mM KC1, and NaC1 in amount need- 
ed for preparing solutions with 290-170 mOsm osmo- 
larity, pH 7.4. 
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Erythrocyte distribution by their density (EDD) 
was evaluated by the Danon--Marikovskii phthalate 
method, approximated by Bolzman's function, and the 
following parameters were found: mean density of 
erythrocytes; EDD width (density interval covering 
60% erythrocytes, excerpt 20% lightest and 20% hea- 
viest cells); Ima x (maximum on EDD curve) - -  the 
maximum percentage of erythrocytes in the 0.004 
g/liter density interval; percentage of abnormal cells; 
light fraction consisting of cells with a density <1.086 
g/ml (reticulocytes); heavy fraction (cells with density 
>1.112 g/ml (dehydrated cells, sphero- and micro- 
spherocytes) [3]. Control group consisted of 10 healthy 
volunteers aged 23-42 years (3 women and 7 men). 

Erythrocyte deformability was evaluated by the 
filtration osmotic method [1] based on modulation of 
erythrocyte filtration at different osmolarity of the 
medium. The measurements were carded out using 
Idal hemorheometer and CiplM kinetic filtrometer. 
Both devices were developed and made at Laboratory 
of Physical Biochemistry of Hematological Research 
Center. Using Idal, it is possible to measure the time 
of filtration of a fixed volume of fluid and the Ucr 
parameter depending on the ratio between erythrocyte 
surface area and its volume (osmolarity at which ery- 
throcyte suspension is no longer filtered because all 
pores of the filter are blocked). Under selected con- 
ditions (3-la pores, 7.3 cm -2 pore density, 10 mm filter 
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diameter, 7 H filter thickness, 250 lal measured vo- 
lume; 60 mm 1-12 O pressure, 0.1% hematocrit; pH 7.4; 
temperature 24~ all pores of the filter are blocked, 
if the studied sample contains at least 30_+10% unfil- 
terable erythrocytes [1]. In donors Ucr=195_5 mOsm 
[1,31. 

The kinetic filtrometer recorded dynamic changes 
in the velocity of filtration of diluted blood. The per- 
centage of unfiltered cells at different osmolarity was 
determined after mathematical processing of the kine- 
tic curve [2]. 

R E S U L T S  

The study of erythrocyte density and deformability in 
29 patients with AIHA, including long-term (3-5 
years) monitoring of 5 patients, helped us to charac- 
terize the pathological processes leading to modifica- 
tion of the erythrocyte population during different 
periods of the disease and to detect its main stages. 

Agglutination was detected not once in 7 patients 
with incomplete thermal antibodies (subgroup 1, n=8) 
and in 9 patients with cold antibodies (subgroup 2, 
n--12) and manifested by decreased width of EDD and 
increase of I,~ (Table 1, Fig. 1, a). The width of whole 
blood EDD was decreased because of agglutination of 
erythrocytes with different density and formation of 
aggregations with averaged density. The mean density 
of erythrocytes was close to normal (Table 1). Wash- 
out led to destruction of aggregations and increased 
EDD width (Fig. 1, a). Erythrocyte deformability 
changed greatly during the agglutination stage. 

Pathological dehydration (PDH) was detected in 
9 patients examined 1-17 times (n=25). This condition 
can persist for many months [3]. 

The most pronounced differences from the normal 
were increased mean density of erythrocytes, increa- 
sed heavy fraction of erythrocytes, and decreased Ucr 
(Table 1, Fig. 1, b). Decrease in Ucr indicates increa- 
sed ratio of erythrocyte surface area to its volume [1]. 
These erythrocytes can be filtered at lower osmolarity 
compared to normal ceils. 

In 12 patients examined t-10 times (n=24) ery- 
throcyte PDH was combined with microvesiculation. 
This combination is characterized by increased mean 
density of erythrocytes, EDD width, and heavy frac- 
tion (Table 1, Fig. 1, c). Morphological analysis of the 
blood showed sphero- and microspherocytes (up to 
40%). EDD at this stage was similar to EDD in here- 
ditary microspherocytosis (Fig. 1, c). Erythrocyte de- 
formability was deteriorated (Table 1), because of 
lowered ratio of cell surface area to volume in sphero- 
cytes and microspherocytes [9,10]. 

Hemolytic crisis was observed in 20 patients exa- 
mined 1-24 times (n'--70). The light fraction was in- 
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creased in all of these patients (Fig. 1, d), as well as 
Ucr. Heavy fraction was increased in 55 cases (sub- 
group 1; Table 1, Fig. 1, d) and was absent in 15 cases 
(subgroup 2; Table 1). Deterioration of erythrocyte 
deformability at this stage was due to the appearance 
of immature reticulocytes, and in subgroup 1 also due 
to the presence of spherocytes and microspherocytes. 
The presence of these cells was confirmed by mor- 
phological analysis of blood smears. 

Remission was observed in 5 patients examined 
1-5 times (n=11). Moderate reticulocytosis was still 
observed during this stage; due to it there were negli- 
gible changes in EDD (the light fraction was slightly 
increased and the mean density decreased). Other 
parameters were normal (Table 1). 

The number of unfiltered cells changed with de- 
creasing medium osmolarity at different stages of AIHA 
(Fig. 2). During hemolytic crisis numerous unfiltered 
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cells appeared even when osmolarity was close to nor- 
mal. 

Hence, 5 stages of AIHA were detected by the 
filtration osmotic method for evaluating the erythro- 
cyte deformability and phthalate method for mea- 
suring erythrocyte distribution by density: agglutina- 
tion, PDH, PDH+microvesiculation, hemolytic crisis, 
and remission. As erythrocytes are different, they dif- 
ferently bind antibodies and complement components. 
Therefore different types of pathologically changed 
ceils can be present at any stage, but ceils charac- 
teristic of this or that stage predominate. The light 
fraction (reticulocytes) predominates in the blood du- 
ring the hemolytic crisis, but cells with normal and 
increased density are also present (dehydrated cells, 
sphero- and microspherocytes) (Fig. 1, d). 

The pathogenesis of AIHA depends on the disease 
stage. The pathogenetic factor of agglutination is dete- 
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Fig. 1. Distribution of erythrocytes by density at different stages of autoimmune hemolytic anemia, a) agglutination: 1) control, 2) blood, 3) 
washed erythrocytes; b) pathological dehydration: 1) control, 2-4) different patients; c) pathological dehydration in combination with 
microvesiculation: I) control, 2) autoimmune hemolytic anemia, 3) hereditary microspherocytosis; d) hemolytic crisis: 1) control, 2) increased 
light and heavy fractions, 3) increased light fraction. 
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rioration of microcirculation and occlusion of small 
vessels, and in many cases decreased number of cir- 
culating erythrocytes (decrease of hematocrit). In PDH 
increase of intracellular viscosity results in slower 
modification of the erythrocyte shape than is needed 
for microcirculation, which results in worse delivery 
of oxygen to organs and tissues [9]. Moreover, ery- 
throcyte dehydration promotes their adhesion to the 
endothelium [10]. The presence of erythrocytes with 
poor deformability (Ucr>N) in the blood of patients 
with PDH concomitant with microvesiculation leads to 
deterioration of microcirculation. Erythrocytes with 
poor deformability are sequestrated by the spleen [6], 
which determines low hematocrit and splenomegalia 
at this stage of disease. After splenectomy the changes 
in EDD and deformability characteristic of this stage 
can persist for many months. PDH and microvesicula- 
tion are provoked by the increase in intracellular C a  2§ 
content, and hence, drugs modulating Ca homeostasis 
should be used with care during these stages. A drop 
of hematocrit is the most dramatic episode in hemo- 
lytic crisis; one more hazardous factor is the presence 
of numerous poorly deformed stress reticulocytes, de- 
teriorating blood rheology because of their poor de- 
formability. 

The study of erythrocyte density and deformabi- 
lity will help to correct timely the treatment protocols 
and to monitor their efficiency. Since the results of the 
study are computer-processed, they can be easily ad- 
ded to the program of computer diagnosis. 

The study was supported by the Russian Founda- 
tion for Basic Research (grant No. 02-04-48155). 

REFERENCES 

1. I. L. Lisovskaya, E. S. Shurkhina, V. M. Ncsterenko, et aL, 
Biol. Memb., 15, 300-307 (1998). 

% of unfiltered cells 
100- 

80- 

60- 

i i r 

180 200 220 240 260 280 300 
Osmoladty, mOsm 
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