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Decreased red cell deformability is characteristic of several disorders. In some cases, the extent of defective deformability can predict severity
of disease or occurrence of serious complications. Ektacytometry uses laser diffraction viscometry to measure the deformability of red blood
cells subject to either increasing shear stress or an osmotic gradient at a constant value of applied shear stress. However, direct deformability
measurements are difficult to interpret when measuring heterogenous blood that is characterized by the presence of both rigid and deformable
red cells. This is due to the inability of rigid cells to properly align in response to shear stress and results in a distorted diffraction pattern marked
by an exaggerated decrease in apparent deformability. Measurement of the degree of distortion provides an indicator of the heterogeneity of
the erythrocytes in blood. In sickle cell anemia, this is correlated with the percentage of rigid cells, which reflects the hemoglobin concentration
and hemoglobin composition of the erythrocytes. In addition to measuring deformability, osmotic gradient ektacytometry provides information
about the osmotic fragility and hydration status of erythrocytes. These parameters also reflect the hemoglobin composition of red blood cells
from sickle cell patients. Ektacytometry measures deformability in populations of red cells and does not, therefore, provide information on

the deformability or mechanical properties of individual erythrocytes. Regardless, the goal of the techniques described herein is to provide

a convenient and reliable method for measuring the deformability and cellular heterogeneity of blood. These techniques may be useful for
monitoring temporal changes, as well as disease progression and response to therapeutic intervention in several disorders. Sickle cell anemia
is one well-characterized example. Other potential disorders where measurements of red cell deformability and/or heterogeneity are of interest
include blood storage, diabetes, Plasmodium infection, iron deficiency, and the hemolytic anemias due to membrane defects.

Video Link

The video component of this article can be found at https://www.jove.com/video/56910/

Introduction

Ektacytometry provides a convenient measure of red cell deformability in response to alterations in shear stress (measured in pascals (Pa))
or suspending medium osmolality. Pertinent parameters of red cell deformability include the maximum elongation index (EI Max), a measure
of the maximum deformability of a red cell in response to increasing shear stress, and shear stress 2 (SS %), the shear stress required to
achieve half maximal deformablllty Osmotic gradient ektacytometry has several informative parameters. These include the elongation index
minimum (EI Min), a measure of surface-to-volume ratio and the osmolality at which it occurs (O Min), which is a measure of osmotic fragility.
El Max and the osmolality at which it occurs (O (El Max)) provide information on membrane flexibility and cell surface area. Half maximal
elongation in the hypertonic arm of the osmotic gradient is represented by El hyper. El hyper and the osmolality at WhICh it occurs, O hyper,
provide information about the intracellular viscosity of the red cell which is determined by hemoglobin concentration.? Measurlng deformability
in heterogenous blood is complicated by the fact that rigid cells, such as sickled red blood cells, do not properly align with the direction of flow
such as deformable cells in response to increasing shear stress. Rather than producing a characteristic elliptical diffraction image, rigid ceIIs
produce a spherical pattern which results in a diamond-shaped diffraction pattern when overlaid on the ellipse produced by deformable cells.*
The spherical pattern has been shown to correspond to irreversibly sickled cells by performing ektacytometry on isolated fractions of cells
following density centrifugation. % The elongation index calculation includes measures of both the long and short axis of the ellipse; a diamond
shape therefore produces an apparent decrease in elongation by increasing the width of the short axis. 7 It has been previously shown that the
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degree of diffraction pattern distortion is correlated with both the percentage of sickle hemoglobin (HbS) and the percentage of sickled cells in
the blood from patients with sickle cell anemia.’ The degree of diffraction pattern distortion can be obtained by complex mathematical analyses.8
It can also be obtained bg adjusting the opening of the camera aperture on the ektacytometer or the grey level of the fitting software to alter the
diffraction pattern height.” However, details regarding how to adjust the grey level are not well defined and the camera aperture is not readily
accessible on the latest generation of the commercially available ektacytometer. To circumvent these issues, the easily accessible camera

gain can be used to adjust diffraction pattern heights.9 Using this method to estimate cellular heterogeneity, the degree of diffraction pattern
distortion can be correlated with the percentage of fetal hemoglobin in the blood of patients with sickle cell anemia. ° Several osmotic gradient
ektacytometry parameters are likewise correlated with the percentage of fetal or sickle hemoglobin in blood from patients with sickle cell anemia.
Diffraction pattern distortion correlations likely reflect the contribution of hemoglobin composition to the percentage of rigid, non-deformable cells.
Of additional interest, the entire osmotic gradient ektacytometry profile undergoes biphasic changes that correspond to the percentage of dense
cells in circulation during sickle cell crisis.”

Ektacytometry is likewise useful in the study of several other disorders. Osmotic gradient ektacytometry is diagnostic for the inherited red

cell membrane disorders, such as hereditary spherocytosis, hereditary elliptocytosis and hereditary pyropoikilocytosis.g"12‘13’14 Decreased
deformability occurs in iron deficiency.15 Characterization of the "storage lesion" of blood has employed ektacytometry and future studies
investigating both the nature of the lesion and interventions to prevent its formation during the storage of banked blood are likely to benefit
from the techniques presented here."® Decreased red cell deformability has also been correlated with microvascular disease in diabetes."”
Recent studies linking hyperglycemia, red cell ascorbate concentrations and osmotic fragility suggest these factors may be important in the
development of microvascular disease."® Ektacytometry studies are currently underway to investigate this hypothesis (Parrow and Levine,
unpublished data). Blood stage malarial infection is another interesting avenue of red cell deformability investigations. Cellular deformability

of Plasmodium falciparum infected red blood cells decreases dramatically during the 48 hours of intracellular maturation of the parasite from
ring stage to schizont stage. Evidence indicates that this decreased deformability is reversed upon maturation of the parasite. The reversal
coincides with release of infected red cells into the circulation. Decreased deformability is thought to be mediated by Plasmodium proteins that
promote sequestration of the red cell." These studies represent a small sampling of clinically important conditions where measuring erythrocyte
deformability and osmotic gradient parameters are relevant. Several additional areas of study exist.

Alternative techniques for measuring red cell deformability include optical tweezers (also known as laser traps) which use the physical properties
of photons to stretch single red cells in one or more directions.?® This technique has the advantage of measuring the deformability of single
erythrocytes, but some uncertainty in force calibration has produced considerable variability across studies 2! and data analysis can be labor-
intensive unless automated.?? Micropipette aspiration, which uses negative pressure to aspirate an erythrocyte into a micropipette, has also been
used to measure deformability of red cells.”"® Multiple measurements, such as the pressure required to aspirate the red cell, are possible with
each measure defining different characteristics of the red cell.2® Atomic force microscopy is a high resolution technitiue that measures membrane
stiffness by quantifying laser beam deflection as an indicator of cantilever deflection along the surface of a red cell.® These techniques provide
information about individual erythrocytes, are not easily adapted to measure changes in populations of red blood cells, and, in general, require
considerable technical expertise.

The desire to sample both individual and populations of cells simultaneously has led to advances in automation and the development of
microfluidics and array-based methods. Like ektacytometry, rheoscopy measures deformability as a function of shear stress but images are
acquired directly via microscope.25 For higher through-put analyses, automated cell imaging has been employed to produce deformability
distributions using the rheoscope.26 Cellular heterogeneity can be quantified by this method if data from a healthy control subject are available.?’
Microfluidics techniques also allow for high through-put analyses of single cells; multiple designs using adaptations of filtration,?® cell transit
analyzers,29 which measures the time required for an erythrocyte flow through a micropore, and alternatives that measure the pressure required
for erythrocyte transit rather than time % have been developed. Another platform for high through-put analysis of individual cells is the single
cell microchamber array chip, which has the additional advantage of allowing for downstream fluorescence-based characterization of the
cells.®' Although each of these techniques is potentially useful and may be superior for particular applications, the comparative advantages of
ektacytometry includes sensitivity, ease of use, and precision.32 The latest generation of commercially available ektacytometers also possess
considerable versatility in the number of assays that can be performed.

All subjects in this study gave written informed consent in accordance with the Declaration of Helsinki and the National Institutes of Health
Institutional Review Board approved protocols.

1. Turning on the ektacytometer

1. Connect the tubing from the cleaning solution to the low and high osmolar polyvinylpyrrolidone (PVP) solutions. Be careful to connect the 0
osmolar tube to the low osmolar solution and the 500 osmolar tube to the high osmolar solution.

Note: The low osmolar PVP solution should have an osmolality between 35 and 55 milliosmoles per kilogram (mOsm/kg), a pH of 7.25-7.45
at 25 °C and a viscosity between 27.0 and 33.0 centipoise (cP) at 37.0 £ 0.5 °C. The high osmolar PVP solution should have an osmolality
between 764 and 804 mOsm/kg, a pH of 7.25-7.45 at 25 °C and a viscosity measure of 27.0-33.0 cP at 37.0 ° 0.5 °C.

2. Ensure that the bob is lowered completely into the cup. Launch the software and prime the machine (Hardware Check | Instrument 10).
Allow the instrument to complete the priming cycle. Once the cycle is complete, lift the bob out of the cup and completely dry the bob and the
cup with a low lint cleaning tissue.

Note: Residual water will lyse red cells, producing interference.

2. Measuring deformability as a function of increasing shear stress

1. Obtain blood (less than 1 mL is adequate to perform these techniques with replicates) in vial containing an appropriate anticoagulant.
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7.

Note: EDTA is preferred over heparin because it has less influence over hemorheological parameters.33 Keep blood at room temperature if
measurements are performed within 6 hours of blood draw.
Gently mix whole blood sample before testing by inverting the vial several times. Add 25 pL of whole blood to 5 mL of iso-osmolar PVP
solution by pipetting, cap the vial and mix gently by inverting several times. The iso-osmolar PVP solution should have an osmolality between
284 and 304 mOsm/kg, a pH of 7.3-7.4 at 25 °C and a viscosity of 27.0-33.0 cP at 37.0 £ 0.5 °C.
On the software choose deformability from the main menu. Create a new analysis and add experimental details (Deformability | Add
desired details | Okay).

1. Lift lid to ektacytometer, verify that the bob is fully lowered into cup and the cup is turning.

2. Add 1 mL of PVP blood solution into the space between the cup and bob by pipetting.

3. Lift the bob slightly to bring samples down. Wait until all bubbles have moved out of the solution, then close the lid to the ektacytometer.

If needed, press the aspiration button to help remove bubbles.

Adjust the gain to 200 by moving the arrow along the scroll bar on the software (see note). When the temperature is stable at 37 °C and the
diffraction image is stable, press start (Start).

Note: For many studies, a good diffraction image can be obtained from healthy blood (hemoglobin concentration > 12.0 g/dL, mean
corpuscular volume of 80-96 fL and mean corpuscular hemoglobin concentrations of 33-36 g/dL) with the camera gain set to 200. For studies
of blood from sickle cell anemia, adjusting the camera gain to %enerate a 4.5 cm diffraction image has been suggested as the default setting
to allow comparison of results across studies and laboratories.

Observe diffraction patterns as data acquisition progresses to ensure that they remain circular, elliptical or diamond shaped. When data
acquisition is complete, save or print the report (File | Save or File | Print). El Max and SS 'z values will be reported automatically, along with
elongation indices corresponding to user-specified or default shear stresses. Data will also be saved automatically by the software.

At the end, press the clean option on the dialog box on the computer monitor (Clean). After the sample is aspirated, rinse the space between
the cup and bob by squirting deionized water into the space while the instrument remains in the clean cycle. Once the clean cycle is
complete, lift the bob out of the cup and completely dry the bob and the cup with a low lint cleaning tissue (critical: Residual water will lyse red
cells, producing interference).

Click on the Main Menu button on the software to return to the main page (Main Menu).

3. Measuring cellular heterogeneity

© N

10.

Gently mix whole blood sample before testing by inverting the vial several times. Pipet 25 L of whole blood to a new 5 mL vial of iso-osmolar
PVP solution, cap the vial and mix gently by inverting until the mixture is homogenous.
Choose deformability from the main menu. Create a new analysis and add experimental details (Deformability | Add desired details |
Okay).

1. Lift lid to ektacytometer, verify that the bob is fully lowered into cup and the cup is turning.

2. Pipet 1 mL of the PVP blood solution into the space between the cup and bob.

3. Wait until all bubbles have moved out of the solution, then close the lid to the ektacytometer.

4. Ensure that a stable diffraction image is present on the screen. Adjust the camera gain by moving the arrow along the scrollbar on the

software until it produces a 3.8 cm diffraction height. Use a ruler to verify the height of the image on the computer screen.

When the temperature is stable at 37 °C and the diffraction image is stable, press start (Start).

Observe diffraction patterns as data acquisition progresses to ensure that they remain circular, elliptical or diamond-shaped. When data
acquisition is complete, save or print the report (File | Save or File | Print).

At the end, press the clean option on the dialog box on the computer monitor (Clean). After the sample is aspirated, rinse the space between
the cup and bob by squirting deionized water from a squirt bottle into it while the instrument remains in the clean cycle. Once the clean cycle
is complete, lift the bob out of the cup and completely dry the bob and the cup with a low lint cleaning tissue (critical: Residual water will lyse
red cells, producing interference).

Repeat steps 2.1-2.5 and adjust camera gain to obtain a 4.5 cm diffraction pattern height (step 2.2).

Repeat steps 2.1-2.5 and adjust camera gain to obtain a 5.4 cm diffraction pattern height (step 2.2).

At the end, click on the main menu button to return to the main page of the software (Main Menu).

To determine the degree of diffraction pattern distortion based on El Max as a percentage, use the following equation (the same equation can
be performed with the data from the 4.5 cm diffraction pattern height if desired):

EIMax; gem — EI MaXs 4om

EIMax;gom
Similarly, to determine the degree of diffraction pattern distortion based on SS1/2 use the same equation with the reported SS1/2 value:
) 1/2 3.8cm — 55 l/zj.rl-cm

SS 1/23.8cm

=100

* 100

4. Osmotic gradient ektacytometry

Obtain sample as described in 1.1. Gently mix whole blood sample before testing by inverting several times. Add 250 pL of whole blood to 5
mL iso-osmolar PVP vial by pipetting, cap the vial and mix gently by inverting until the mixture is homogenous.

Choose osmoscan from the main menu (Osmoscan). Place vial containing the blood PVP solution underneath the needle on the left-hand
side of the machine. Lower the needle until it touches the bottom of the vial. Make sure tubing is properly connected to the low and high
osmolar solutions for gradient production. Close the lid to the ektacytometer and open the door on the lower half so that you can watch the
blood enter the tubing.
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3. Press new analysis and type in experimental details (Osmoscan | New Analysis | Enter desired details | Okay). Adjust the camera gain to
200 by moving the arrow controlling it on the software and allow the machine run until blood is seen entering the cup from the tubing beneath
the instrument.

1. Once the blood has entered the cup and a stable diffraction pattern image is on the computer screen, begin data acquisition by
pressing the start now button on the dialog box (Start Now).

4. Allow the ektacytometer to acquire data up to approximately 500 mOsm/kg, then stop the instrument. Save or print report (File | Save or File
| Print). Data will also save automatically.

5. Remove the old PVP-blood vial. Replace it with a clean vial containing deionized water. Place it beneath the needle, bring the needle down
so that it touches the bottom of the vial and press the rinse button in the dialog box to rinse the gradient system (Rinse).

6. Once the rinse is complete, press the clean option on the dialog box on the computer monitor (Clean). Once the clean cycle is complete,
lift the bob out of the cup and completely dry the bob and the cup with a low lint cleaning tissue (critical: Residual water will lyse red cells,
producing interference).
Note: The osmoscan report provides elongation indices across the osmotic gradient. El Min, O (El Min), El Max, O (El Max), El hyper and O
hyper are generated automatically and included in the report. The range of osmotic gradient ektacytometry parameters obtained from blood
from 9 healthy volunteers is: EI Min 0.12-0.196 arbitrary units (a.u.); O Min 117-144 mOsm/kg; El Max 0.551-0.573 a.u.; O (El Max) 272-312
mOsm/kg; El hyper 0.278-0.286; O Hyper 454-505 mOsm/kg.

5. Turning off the ektacytometer

1. Clean the instrument properly before it is shut down.

1. To do this, connect the tubing from the low and high osmolar solutions to the y-adapter leading to the cleaning solution. Place a vial
containing cleaning solution below the needle on the left-hand side of the machine and lower the needle until it touches the bottom of
the vial. Ensure that the bob is lowered completely into the cup.

2. Close the software, and press start on the end of day clean dialog box on the computer monitor (Close | Start). Allow the instrument to
cycle through cleaning completely.

2. Disconnect the tubing to the waste bottle and remove it from the instrument to discard waste. Dry the bob completely. Turn the machine off.

Representative Results

The ektacytometry results described in this manuscript can be used to measure red cell deformability in any condition. A schematic of the
general set up of an ektacytometer is shown in Figure 1. Homogeneous populations of erythrocytes will produce an elliptical diffraction pattern in
response to increasing shear stress that can be used to calculate the elongation index as shown in Figure 2. Diffraction pattern distortion occurs
in heterogenous blood samples because rigid red cells do not align properly with deformable cells and produce a spherical pattern that overlays
the ellipse resulting in a diamond shaped diffraction pattern. This distorted pattern is increasingly detectable as the camera gain is adjusted to
generate larger diffraction pattern sizes as shown in Figure 3. Homogeneous blood populations, as found in healthy volunteers, do not produce
different deformability curves when different diffraction sizes are measured (Figure 4A). In contrast, heterogenous blood populations, such as
blood from patients with sickle cell anemia, show significant decreases in deformability measures as a function of diffraction pattern size (Figure
4). In sickle blood, when the degree of diffraction pattern distortion is measured as a function of El Max, it is correlated with HbS (Figure 5A) and
the adult hemoglobin variant, HbA, (Figure 5C). Transfusion corrects the distortion, as indicated by its inverse relationship with the percentage of
normal adult hemoglobin (HbA) in the blood (Figure 5D). Whether the degree of diffraction pattern distortion is measured as a function of shear
stress Y2 (Figure 5B) or as a function of EI Max (Figure 5E), it is correlated with fetal hemoglobin. However, the relationship is stronger in the
former than the latter. Key osmotic gradient ektacytometry parameters, such as O (El Max), El Min and O Min provide additional information
about the cellular hydration, surface-to-volume ratios and osmotic fragility, respectively. Osmotic gradient curves obtained from sickle blood are
characteristically left-shifted with marked decreases in deformability that become increasingly pronounced in the hypertonic region as shown in
Figure 6.
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Figure 1. Schematic of ektacytometer set-up. An outer cup rotates around a stationary bob to generates shear stress on blood resuspended
in a PVP solution of defined viscosity that is placed between them. A diffraction pattern is generated by a laser that passes through the solution
and the diffraction pattern is displayed on a projection screen. Please click here to view a larger version of this figure.
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Figure 2. General overview of the relationship between diffraction pattern and elongation index. Diffraction pattern obtained from healthy

blood in response to shear stress shows the expected elliptical pattern. Elongation index (El) is calculated using the equation indicated ’ Please
click here to view a larger version of this figure.

B)

D) E) F)

Figure 3. Cellular heterogeneity produces diffraction pattern distortions. Diffraction patterns obtained from blood from a sickle cell anemia
patient when the camera gain is adjusted to produce A) a 3.8 cm diffraction pattern, B) a 4.5 cm diffraction pattern and C) a 5.4 cm diffraction
pattern. Deformability curves showing a progressive decrease in apparent deformability and a corresponding increase in apparent shear stress
%, indicated by the lines, from the same blood when the camera gain is adjusted to produce D) the 3.8 cm diffraction pattern, E) the 4.5 cm
diffraction pattern and F) the 5.4 cm diffraction pattern. [Reprinted by permission from Parrow et al. 10]. Please click here to view a larger version
of this figure.
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Figure 4. Diffraction pattern distortions produce an apparent decrease in deformability across a range of shear stresses in blood from
patients with sickle cell anemia. Comparison of deformability curves generated from A) blood from healthy volunteers and B) blood from
patients with sickle cell anemia by adjusting the camera gain to generate a 3.8 cm, 4.5 cm and 5.4 cm diffraction pattern size. Deformability
curves generated with blood from patients with sickle cell anemia, but not from healthy volunteers, show progressive and significant decreases in
apparent deformability in response to as little as 5 Pa shear stress as a function of diffraction pattern size. [Reprinted by permission from Renoux
et al.g]. Please click here to view a larger version of this figure.
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Figure 5. The degree of diffraction pattern distortion is correlated with hemoglobin composition in blood from patients with sickle cell
anemia. Linear regression analyses show the relationship between A) the EI Max-based distortion in deformability and the percentage of HbS,
B) the SS 1/2-based distortion in deformability and the percentage of fetal hemoglobin (HbF), C) the EI Max-based distortion in deformability and
the percentage of HbA,, D) the EI Max-based distortion in deformability and the percentage of HbA and E) for the purposes of direct comparison,
the El Max-based distortion in deformability and the percentage of HbF in blood from patients with sickle cell anemia. Pearson product moment
correlation coefficient, r, and corresponding p-value are indicated. [Reprinted by permission from Parrow et al.m]. Please click here to view a
larger version of this figure.
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Figure 6. Blood from a patient with sickle cell anemia shows a characteristic left shift concomitant with decreased deformability
compared to blood from a healthy volunteer when analyzed by osmotic gradient ektacytometry. Blood from a healthy volunteer (---)
shows a representative osmotic gradient ektacytometry curve with the location of important parameters indicated. Osmotic gradient values from
the healthy volunteer are 0.143 a.u. for EI Min, 146.3 mOsm/kg for O Min, 0.576 a.u. for El Max and 473 mOsm/kg for O hyper. A representative
osmotic gradient ektacytometry curve generated with blood from a patient with sickle cell anemia is overlaid (---). Osmotic gradient values from
the sickle cell blood are 0.237 a.u. for EI Min, 110.3 mOsm/kg for O Min, 0.429 a.u. for El Max and 406 mOsm/kg for O hyper. [ Adapted with
permission from Parrow et al.m]. Please click here to view a larger version of this figure.

The ektacytometry techniques described are straightforward and well automated, ensuring valid and reproducible results. Nonetheless, some
critical steps exist. Proper temperature control of the blood is important. Storage at room temperature for more than eight hours may affect SS 2
values.®* Ensuring that the temperature of the machine is stable at 37 °C is also important, as viscosity of the suspending medium is temperature
dependent. Blood should be fully oxygenated to avoid decreased deformability arising from non-oxygenated or partially oxygenated samples,
unless these are experimental parameters of interest.*> From the point of view of instrumentation, proper cleaning of the instrument is critical

to ensure that there is no PVP remaining in the tubing or the entry point of the bob as it will harden upon drying and block fluid flow through the
instrument. Attention to these details will promote accurate results and keep the instrument in good running condition.

Quantification of cellular heterogeneity may require modification. In the 3.8 cm diffraction pattern, some samples may show a precipitous drop
in the elongation index at the highest shear stresses. This can occasionally be overcome by repeating the measurement with a fresh sample.
Otherwise, the degree of diffraction pattern distortion can be measured using an elongation index value from a lower shear stress or the 4.5

cm diffraction pattern can be used.’ It can also be difficult to obtain a 3.8 cm diffraction pattern from healthy blood because the long axis of

the ellipse is too long even at the lowest camera gain. Again, the 4.5 cm diffraction pattern data can be used to circumvent this problem. The
value that is chosen should, of course, be kept constant across the experiment as comparisons are only possible from data calculated using

the same data point and diffraction pattern size. As the cellular heterogeneity measures are dependent on instrument set up, internal validation
can be obtained by measuring diffraction pattern distortions on isolated cell fractions, or precisely defined mixtures of fractions, following density
centrifugation as previously described.®

It is important to note that many ektacytometry parameters are sensitive to patient characteristics. Examples in sickle cell anemia include alpha
globin status,36 MCV ¥ and transfusion.'® Therefore, clinical studies need to be carefully designed and these relationships need to be accounted
for when interpreting ektacytometry data.

Another important caveat is that there is not a direct general relationship between reduced ektacytometry measures and reduction in red cell
survival. Asymptomatic conditions with severely decreased deformability, such as Southeast Asian ovalocytosis, exist.® However, deformability
measurements by any technique are complex and dependent on the cell surface area to volume ratio (sphericity), cytoplasmic viscosity (cellular
hemoglobin concentration) and membrane rigidity. Red cell rheology is likewise complex, and there is not a technique available that can
reproduce the complexity of physiologic blood flow in various vascular beds. Ektacytometry nevertheless provides important insights into altered
red cell deformability and rheology.

The primary limitation of ektacytometry is the inability to measure deformability in individual cells. Thus, in sickle cell anemia, there is no wa¥
to determine the contribution of the fetal hemoglobin, which has a heterocellular distribution, on the deformability of a particular erythrocyte. 0
Likewise, in a Pool of Plasmodium infected blood from a patient there is no way to determine the influence of parasite maturity within a specific
red blood cell.'® Future studies comparing ektacytometery results with those obtained using methods appropriate for individual cells would be
valuable. Regardless of this limitation, ektacytometry provides a convenient and sensitive measure of the rheological properties of erythrocytes
and the heterogeneity of blood populations. These data are important in the study of several disorders and are frequently of clinical relevance.
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