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Thee LORCA as RBC aggregometer* 

3.11 Abstract 

Thee Laser-assisted Optical Rotational Cell Analyzer  (LORCA) is unique in its 
capabilityy to measure at least two important hemorheological parameters, viz., 
deformabilit yy of red blood cells (RBCs) as well as their  aggregation behavior. 
Inn this communication the main principles and characteristics of the 
aggregometerr  mode of this instrument are described. Via syllectometry (laser 
backscatterr  versus time), the method allows the measurement of both static and 
kineticc parameters of the aggregation process, amongst others, total extent of 
aggregation,, aggregation half-lif e and a combination these, defined as 
aggregationn index. When the syllectogram deviates from that representing 
normall  rouleaux formation, e.g., in the case of RBC clump formation, this is 
signalledd by an error  of fit  parameter. Maximal flexibilit y is obtained by various 
optionss like an automated re-iteration procedure, which enables to measure the 
aggregationn tendency and/or  the aggregate stability, and aggregation at low 
shearr  rate. Experiments dealing with reproducibility , stability and sensitivity of 
thee instrument are described. The latter  include a few "classic"  methods for 
inducingg subtle changes in RBC aggregation behavior  both regarding cellular 
factorss (heat treatment) and changes in medium constituents (fibrinogen, 
dextrans). . 

Itt  can be concluded that the aggregometer  mode of the LORCA 
considerablyy increases the feasibility of this instrument for  hemorheological 
investigations. . 

'Originall  publication: The Laser-assisted Optical Rotational Cell Analyser (LORCA) as Red blood cell 

aggregometer.. M.R. Hardeman, J.G.G. Dobbe, C. Ince, Clinical Hemorheology and Microcirculation, Vol25, 

No.. l,pp. 1-11,2001. 
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Chapterr 3, The LORCA as RBC aggregometer 

3.22 Introduction 

Inn contrast to blood platelets, human RBCs aggregate spontaneously in resting 
wholee blood. Under normal circumstances RBC aggregates resemble stacks of 
coinss and are therefore called rouleaux. These rouleaux can grow, besides end-
to-end,, also side-to-end finally forming 3D-networks. Obviously the latter have 
aa considerable effect on the viscosity of blood which rises in an exponential 
wayy from flow to stasis. The study of the phenomenon of RBC aggregation and 
thee splendid microscopic appearance of the resulting rouleaux have attracted 
manyy scientists, starting already more than 300 years ago when Anthoni van 
Leeuwenhoeckk gave the first accurate qualitative description of the 
phenomenonn of RBC aggregation causing (or possibly as a result of) stagnation 
off  the blood flow and its reversibility, in the tadpole.57 It took more than 250 
yearss for Dognon31 to give a qualitative description of the aggregation process, 
occurringg when stirred blood suddenly comes to a standstill. In 1957 Zijlstra101 

describedd a technique for quantification of this aggregation process by 
measuringg the decrease in light backscatter. He proposed the name 
"syllectometry".. This was published later more in extenso by Brinkman,15 The 
syllectometricc principle for measuring RBC aggregation has been used since 
thenn by many investigators and is also implemented in the Laser-assisted 
Opticall  Rotational Cell Analyzer (LORCA), developed by us and used in this 
study.. The suitability of this instrument for measurement of both RBC 
deformabilityy and RBC aggregation was previously demonstrated.48 Recently, 
thee measurement of a third modality, i.e., RBC relaxation rate, using the same 
instrument,, was described.5 The application of the LORCA47'48 for 
measurementt or RBC deformability was outlined in detail in chapter 2. In the 
presentt study, the main characteristics of the LORCA as aggregometer will be 
demonstratedd including its sensitivity with respect to various kinds of subtle 
changess in cellular factors and changes in medium constituents. 

3.33 Materials and methods 

3.3.11 Description of the instrument 

Thee basic instrument, manufactured under the name LORRCA,59 as well as the 
methodologicall  aspects were described in detail elsewhere.47'48 Briefly, the 
systemm for the measurement of RBC aggregation consists of a Couette system 
(twoo concentric cylinders) with a gap of about 0.3 mm that can hold about 1 ml 
off  test fluid, e.g., whole blood. The outer cylinder can rotate with varying 
speedss with the aid of a stepper motor. The light source, a laser diode (670 nm, 
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Chapterr 3, The LORCA as RBC aggregometer 

44 mW) is integrated in the fixed inner cylinder, as is a photo diode (sensor) and 
aa temperature control unit. 

3.3.22 Determination of RBC aggregation indices 

Afterr a short period of rotation at an adjustable shear rate, high enough to cause 
completee disaggregation, the motor is stopped abruptly and the elongated and 
orientatedd RBCs retake their normal biconcave shape and orientate randomly. 
Thee latter causes an increase in scatter intensity (upstroke) monitored by the 
photodiodee sensor. This is followed by the aggregation process, reflected by a 
decreasee in laser backscatter intensity (I). Initially, mainly 2D rouleaux are 
formedd followed by the slower formation of 3D networks. The displayed curve, 
obtainedd by plotting / versus time (Fig. 2.5), is called syllectogram.101 Light 
backscatterr intensities are expressed in arbitrary units (au). Calibration is 
performedd with water (zero reflection) and a special calibration fluid, as 
describedd in the technical reference of the instrument. 

Variouss indices reflecting total extent, kinetics, avidity and pattern of 
aggregation,, are calculated as indicated in the syllectogram of Fig. 2.5. Both the 
aggregationn measuring procedure and the subsequent analysis of the 
syllectogramm are computer controlled. The program allows the investigator to 
determinee optionally many parameters. The total extent of aggregation is shown 
byy the amplitude (Amp), while the kinetic aspect is represented by the 
aggregationn half-life (/%). In order to combine the static and kinetic parameter, 
ann index reflecting a relevant part of the syllectogram (Fig. 2.5), arbitrarily 
takenn from the top to 10 sec thereafter, was calculated. Others, using a similar 
technique,333 have taken area A for calculation of such an index. In our 
experience,, however, the latter is rather sensitive to various experimental 
conditions,, which are not expected to affect the aggregation process, like 
hemoglobinn oxygenation grade. The quotient: area.4 / area (A+B) was found to 
bee more consistent in this respect. Therefore, the LORCA Aggregation Index 
(AT)(AT) is defined as being equal to {area AI area (A+B)} x 100%. 

Byy considering a fast and slow component, the descending part of a 
normall  syllectogram, representing the progression in rouleaux formation (see 
Fig.. 2.5), can be fitted fairly well by the bi-exponential function: 

Isc(t)Isc(t) = I0+Ire~"Tf + ls-e
t,T> (3.1) 

AA mean square error (Fit Error) is calculated which reflects the deviation from 
normall  rouleaux formation as described by equation (3.1). The threshold shear 
rate,, y^, is used as a measure for the tendency of aggregation. It represents the 
minimall  shear rate needed to prevent RBC aggregation and can be determined, 
optionally,, with a re-iteration procedure as described by Bauersachs et al.6 
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Chapterr 3, The LORCA as RBC aggregometer 

Finally,, the LORCA program has the option to measure and calculate the Flow 
too Stasis Aggregation Ratio (FSAR). The latter can be used to demonstrate 
whetherr there will be any additional aggregate formation at a low shear rate 
(e.g.,, 10 s_l), relative to that occurring with stasis as endpoint. Usually, 
however,, FSAR values are > 1, meaning that there is rather break down of 
aggregatess due to flow than extra aggregate formation. 

Althoughh all optionally chosen parameters and indices derived from the 
syllectogramm (see Fig. 2.5) and equation (3.1) are displayed routinely, the 
numberr of them used in practice is, for reasons of simplicity, restricted to: 

(1)) Amp (in arbitrary units, au): Amplitude, total extent of aggregation; 
(2)) t% (in s): Half-life, kinetics of aggregation; 
(3)) AI(in %): Aggregation Index, A/(A+B) x 100%; 
(4)) Fit Error (in au2): Deviation from normal rouleaux formation; 
(5)) Ythr (in s_1): Threshold shear rate, aggregation tendency and aggregate 

stability. . 

Recentlyy however, Firsov et al., using a similar nephelometric backscatter 
techniquee found that the kinetic parameters Tf en Tst calculated from equation 
(3.1),, have a meaning for discriminating various clinical pathologies.35 

3.3.33 Sample preparation 

Bloodd was taken from the antecubital vein in a 4.5 ml vacutainer (B&D) 
containingg EDTA as anticoagulant. In relation to the wavelength of the diode-
laserr used (670 nm) it was noticed previously that the percentage of 
hemoglobinn oxygenation could affect the amount of scatter intensity. Although 
thee LORCA Aggregation Index appeared to be remarkably constant in this 
respect,477 it is recommended to oxygenate each sample routinely before the 
aggregationn measurement. This can easily be performed by pre-incubation with 
air,, i.e., transferring the blood sample into a 40-ml culture tube placed on a 
rollerr bank for 10-15 min. After this, the suspension was bright red colored, 
indicatingg that the hemoglobin was oxygenated, as confirmed by blood gas 
measurement.47 7 
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3.3.44 Effect of anticoagulant 

Bloodd from the same donor was taken into B&D vacutainers with respectively 
EDTA,, citrate or heparin. No differences were found for EDTA and heparin, 
whilee the use of citrate resulted in slightly lower amplitude, increased half-life 
andd thus, decreased Aggregation Index, due to the dilution of the blood by the 
latterr anticoagulant. For detailed results see.47 

3.3.55 Effect of hematocrit 

Afterr centrifugation various mixtures of RBCs and plasma were prepared and 
submittedd to the aggregation procedure. Ht values were determined with the 
micro-Htt centrifuge method according to standard protocol. The total extent of 
RBCC aggregation, as measured with the LORCA, was found to be non-linear 
dependantt on Ht with an optimum between 0.42 and 0.46 1/1, in line with the 
findingsfindings of Deng et al., obtained with light transmission technology.29 Over the 
Htt range 0.18 to 0.78 1/1 a steady decrease was found for XVl with the overall 
resultt that the Aggregation Index increased with Ht (not shown). 

3.3.66 Effect of temperature 

Althoughh several authors published about the effect of temperature on RBC 
**  58 65 

aggregation,, ' reports appeared in the literature about RBC aggregation 
measurementss performed at "room temperature", 25 °C and 37°C. In order to 
checkk whether one or more of the aggregation indices - as measured with the 
LORCAA - were affected, we performed experiments with blood from three 
differentt donors, comparing aggregation in the range from 20°C to 40 °C. 

Thee temperature controlled LORCA measuring system was set at various 
valuess upward from the ambient temperature. The aggregation procedure was 
startedd after the sample temperature had reached the set value. 

3.3.77 Effect of storage temperature 

EDTA-bloodd of three different donors was kept both at room temperature 
(199 °C) and at 4 °C for 21 hours. Prior to analysis each sample was incubated 
forr 10 min at 37 °C. 
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Chapterr 3, The LORCA as RBC aggregometer 

3.44 Instrumental characteristics, effect of experimental and 
clinicall  conditions 

3.4.11 Stability and reproducibilit y 

Elevenn subsequent RBC aggregation measurements, initiated 15 min after each 
other,, were carried out with sub-samples from the same blood. 

3.4.22 Extreme experimental conditions 

Sincee fibrinogen is known to be an important factor in physiological RBC 
aggregation,33 experiments were conducted in the absence of fibrinogen. This 
wass achieved by either shaking non-anticoagulated blood for 15 min with glass 
pearls,, followed by decantation of the supernatant, or by resuspension of 
washedd RBCs into phosphate buffered saline (PBS). On the other hand, in order 
too reach an increased level of RBC aggregation, dextrans were used. Both the 
additionn of a 1% dextran 70 solution to whole blood as well as the resuspension 
off  washed RBCs in 2% dextran 70 and 2% dextran 500 were studied. All 
dextrann solutions were made in PBS. 

3.4.33 Hyperaggregation (cryoglobulinemia/horse blood) 

Thee hemorheological pattern of blood taken from a patient with 
cryoglobulinemiaa was determined. Immediately after venapuncture the blood 
wass kept at 37 °C and all procedures thereafter were performed at 37 °C. For 
furtherr testing of the LORCA regarding its suitability to measure RBC 
hyperaggregation,, EDTA-horse blood was investigated. 

3.55 RBC related effects 

3.5.11 Effect of decreased RBC deformability by heat treatment 

RBCC membrane rigidification can be expected to influence their aggregation 
behaviorr as well. Since moderate heat treatment of the cells affects their 
deformability,, washed RBCs were resuspended in PBS and kept in a water bath 
off  48  0.5 °C during zero (control), 5, 7 and 9 min. At the end of each heating 
periodd temperature was restored quickly in a water bath at room temperature 
(19+11 °C). After centrifugation the supernatant was removed and the RBCs 
resuspendedd in their original plasma (Ht 0.45 1/1) after which the aggregation 
proceduree was performed. In order to check whether and to what extent 
rigidificationrigidification of the RBCs took place, deformability was checked with the 
LORCA,, set in the RBC deformability mode.48 
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3.66 Results 

Thee results of the measurements performed at different temperatures are shown 
inn table 3.1. It can be seen that the static extent of aggregation parameter, 
amplitudee (Amp), is hardly affected by temperature changes within this range, 
inn contrast to the kinetic parameter (t>/) which is clearly affected. The higher the 
temperaturee the faster the aggregation and this has also consequences for the 
aggregationn index which increases with temperature. These effects are, most 
probably,, a reflection of the concomitant decrease in plasma viscosity. Since 
thee aggregation index is often used for characterization of clinical material, 
RBCC aggregation measurements should preferable be performed at 
physiologicall  temperature (37 °C). 

Ass can be deducted from table 3.2, blood samples should be kept, for 
subsequentt aggregation analysis, preferably at 4°C. 

Followingg the results of the methodological studies presented in a 
previouss communication,47 and those of the present study cited above, we 
decidedd to conduct all further experiments with air incubated (oxygenated) 
EDTA-bloodd at 37 °C and at standardized hematocrit. Clinical blood samples 
weree measured at native, but known, hematocrit, usually either within 6 hours 
afterr venapuncture or stored overnight at 4 °C. Occasionally however, clinical 
bloodd samples were also analyzed at a standardized hematocrit (0.451/1). 

Temperature e 

(°G) ) 
20 0 
25 5 
30 0 
37 7 
40 0 

Amp Amp 
(ail ) ) 

24 4 
24 4 
26 6 

25.0+0.7 7 
25 5 

00 0 
3.0 0 
2.8 8 
2.4 4 

2.00+0.07 7 
1.9 9 

AI AI 
(%) ) 
56 6 
58 8 
61 1 

9 9 
65 5 

FitFit  Error 
(au2) ) 
0.030 0 
0.041 1 
0.019 9 
0.041 1 
0.037 7 

ïthr ïthr 

(a-1) ) 
150 0 
125 5 
125 5 

1 1 
175 5 

Representativee experiment out of three different donors, au = arbitrary units. 

Valuess at 37 :  instrumental SD (n = 11). 

Tablee 3.1. Effect of temperature on RBC-aggregation indices. 
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AmpAmp (au) 
ty,ty, (S) 

AI(%) AI(%) 

yihr(s~yihr(s~ll) ) 

FSAR FSAR 

Freshh blood 

7 7 
2.30+0.09 9 

9 9 
1 1 

1.40+0.05 5 

Storedd blood 
Roomm temperature 

20.0 0 
2.10 0 
63.0 0 
150 0 
1.40 0 

4°C C 
24.0 0 
2.20 0 
61.0 0 
250 0 
1.40 0 

Representativee experiment out of three different donors, au = arbitrary units. 

Valuess of fresh blood:  instrumental SD (n = 11). 

Tablee 3.2. Effect of short-term storage temperature on RBC-aggregation indices. 

Ass a measure for instrument stability and reproducibility, relative errors 
(SD/meann x 100%) of selected aggregation indices are shown in table 3.3. 
Relativee errors around 3% were found for Amp, t% and AI, while that for ythr was 
aroundd 8%. When the experimentally obtained aggregation curves for normal 
bloodd are compared to the calculated reference curve, characterized by equation 
(3.1),, they visually fit  extremely well (Fit Error ranging from 0.033 to 
0.0688 au2). For more detailed results, including those of other indices, shown in 
thee syllectogram (Fig. 2.5), see ref. 47. 

Relerr(% ) ) 

Parameter r 
AI AI 
3.0 0 

Amp Amp 
2.8 8 

** * 
3.7 7 

tfhr tfhr 

8.4 4 
Tf Tf 
3.1 1 

TTs s 

7.1 1 
FSAR FSAR 

3.4 4 
N=11;; Fit Error range: 0.033 - 0.068 au2. 

Tablee 3.3. Relative error of selected RBC aggregation indices. 

Thee dependence of RBC aggregation on plasma proteins and the effect 
off  their substitution by dextrans, as reflected by the LORCA, are depicted in 
Fig.. 3.1. When RBCs are suspended in PBS the syllectogram is limited to the 
upstrokee only, representing the return of elongated RBCs to their resting, 
biconcavee shape. Defibrinogenation of blood reduced the extent of aggregation 
(Amp)(Amp) with only 20%. Regarding the kinetics (t%) however, the process was 
aboutt twice as slow as in the case of whole blood. This seems compatible with 
thee finding that the aggregation tendency (yth^ is also about half of that in 
wholee blood. Similar results were obtained with RBCs resuspended in serum 
(nott shown). Addition of 1% dextran 70 to whole blood resulted only in a slight 
increasee in Amp and somewhat faster aggregation half-life (tV:). The twice 
higherr value of ythr found under these circumstances, however, indicates a 
considerablee higher aggregation tendency. RBCs resuspended in PBS solution 
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off  2% dextran 70 and 2% dextran 500 resulted in increased extent of 
aggregationn with a much faster aggregation rate in the latter case. Of interest, 
furthermore,, is that the atypical syllectogram (characterized by its relatively 
highh Fit Error) can be associated with a clumpy microscopic appearance of 
thesee aggregates (not shown). 

a) ) 

/ ( a u u 
100--

AmpAmp t. 

(au)) (s) 

II  29.9 19 
III  23.7 5.8 
IIII  34.6 
IVV 0.7 

FitFit Err 

(au :) ) 

0.05 5 

0.04 4 
1.4 4 1855 008 

0.23 3 

IVV RBCs in buffer 

III Defibrin. blood 

II Whole blood 
 III Blood + 1% Dextran 70 

100 10 
t (s) ) 

IVV RBCs In saline + 2% dextran 500 

RBCss in saline + 2% dextran 70 

II Control 
III RBCs in plasma 

Fig.. 3.1. Effect of variations in the plasmatic environment or resuspension fluid of 
RBCss on their aggregation behavior, a) RBCs resuspended in buffer (PBS). Whole 
blood,, defibrinogenated blood and blood with 1% dextran 70 added, b) RBCs 
resuspendedd in plasma, 2% dextran 70 in PBS and 2% dextran 500 in PBS. Control 
iss non-manipulated blood. 

Thee suitability of the technique for measurements of hyperaggregating samples 
wass demonstrated with blood trom a patient with cryoglobulinemia and with 
horsee blood (table 3.4). The reiteration program (ythr) demonstrated that an 
increasedd shear rate, up to 900 s~', was needed for complete disaggregation. For 
horsee blood, secondary aggregation was noticed (FSAR < 1.0) as well as 
considerablee deviation from normal rouleaux formation (Fit Error = 0.25). The 
latterr was confirmed by the microscopically seen clump-aggregates (not 
shown). . 

Cryoglobulinemia a 

Horsee blood 

Ydisaggr Ydisaggr 

(s-1) ) 
400 0 
1000 0 
1000 0 

Amp Amp 
(au) ) 
16 6 
19 9 
27 7 

h h 
(s) ) 
1.0 0 
0.9 9 
0.5 5 

AI AI 

(%) ) 
76 6 
78 8 
85 5 

FitFit error 
(au2) ) 
0.03 3 
0.05 5 
0.25 5 

Ythr Ythr 

800 0 
800 0 
900 0 

FSAR FSAR 

1.1 1 
--

0.6 6 
YdisaggrYdisaggr = initial disaggregation shear rate. 

Tablee 3.4. RBC hyperaggregation, effect of dissociation shear rate. 
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HI HI 
IV V 

/(au) ) 
100--

80--

60--

4a a 

20' ' 

10--
- 2 - 1 0 1 2 3 3 

100 10 10 10 10 10 

t(s) ) 
Fig.. 3.2. Effect of RBC-heat treatment during 0 (control), 5, 7 and 9 min on their 
aggregationn behavior and deformability. Eho = elongation index at 30 Pa. 

Ass expected, heat treatment of RBCs decreased their deformability as 
indicatedd by the decrease in elongation index, EI,46 which appeared to be 
consistentt with the decrease in the upstroke of the syllectogram (Fig. 3.2). 
Furthermore,, heat-treated cells showed a decrease in both extent and rate of 
aggregation. . 

3.77 Discussion 

Althoughh the LORCA was presented as an instrument capable of measuring 
bothh deformability and aggregation behavior of RBCs,47'48 the latter application 
hass not yet been widely put into practice. Only recently, results were published 
regardingg the aggregometer mode of this instrument, either comparing some of 
itss features with other aggregometers100 or applying the technique in clinical 
studies.27'944 The characteristics of the LORCA aggregometer, as described in 
thiss communication, show that the technique is highly reproducible and 
sensitivee to both changes in the protein environment and in the variation of 
cellularr properties as well. Besides an evaluation of the total extent of 
aggregation,, the method allows a judgement on the kinetics of the process. 

Heatt treatment El30 Amp t1/2 Al Upstroke 

(min)) (au) (s) (%) (au) 

00 0.60 26 3.2 55 14.4 
55 0.46 23 6.1 41 8.3 
77 0.32 21 7.7 36 5.5 
99 0.23 15 9.4 34 3.9 

IVV 9 min 48 C 

II 7 min C 

55 min C 
II Control 
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Sincee an error of fit  is calculated for each documented syllectogram, comparing 
thee depicted syllectogram with that of normal blood, the method may 
discriminatee between the normal aggregation process (resulting in rouleaux) 
andd deviating behavior, such as clump formation. A considerable increased Fit 
ErrorError was seen for example in RBCs resuspended in 2% dextran 500. The latter 
suspensionn displayed under the microscope clumpy aggregates instead of 
normall  rouleaux. That is why it is recommended, in the case of a deviating 
largee Fit Error, always to perform simple microscopic inspection al well. 

AA high threshold shear rate (ytht)> determined as the minimal shear rate 
neededd to prevent aggregation, was shown to be associated with a high 
tendencyy for aggregation. Preliminary experiments showed that the latter is 
equivalentt to the stability of the aggregates, i.e., the minimal shear rate needed 
too break down existing aggregates. 

Althoughh fibrinogen is generally seen as an essential factor for RBC 
aggregation,, defibrinogenated blood showed a slow, but only 20% reduced 
extentt of aggregation. Apparently, plasma proteins other than fibrinogen may 
contributee to the aggregate formation. This is in line with the findings of others 
whoo noticed a much higher level of RBC aggregation in whole blood than in 
RBC-salinee suspensions containing similar fibrinogen concentration as in 
normall  blood.29 

Severall  times it was reported that existing aggregometers of the type as 
wass used in the present study, i.e., analyzing the aggregation process after a 
shearedd blood sample comes to a sudden halt, are not sensitive in measuring the 
completee aggregation process in a state of hyperaggregation.10'66'78 This 
restrictionn is due to insufficient initial shear rate (fixed or set as default in 
variouss aggregometers), resulting in incomplete dispersion of RBC aggregates 
andd leading to underestimation of aggregation. Since the LORCA is fitted with 
aa warning signal when an abnormal high value for /,/,,. (the minimal shear rate 
neededd to prevent aggregation or to break down existing aggregates) is reached, 
thiss problem does not occur. Software in control of the aggregation mode of 
thiss instrument allows the same blood sample to be measured again at higher 
initiall  shear rate, i.e., at least as high as ylhr. 

Thee type of cell rigidification caused by moderate heat treatment did 
showw a clear effect on aggregation indices. This could mean that severe 
impairmentt of deformability, as obtained with heat treatment and affecting the 
wholee cell, results in considerable decrease in aggregation index, showing a 
dose-responsee effect with respect to the duration of heat treatment. 

Duee to the shear stress concomitant with the prevailing disaggregation 
shearr rate the RBCs will be, prior to stopping the motor, more of less elongated. 
Thee size of the fast ascending part of the syllectogram immediately following 
thee motor stop, the so-called upstroke, is a measure for the relaxation of the 
elongatedd RBCs. The time needed to reach the top value of the syllectogram 
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(t(ttoptop)) thus reflects the state where the elongated cells recovered their normal 
shapee and can be considered as related to the relaxation time of these RBCs. As 
wass demonstrated before,5 this process is not linear with time. Therefore, when 
thiss relaxation time for the differently elongated RBC populations is calculated 
relativee to the size of their deformation (upstroke/ttop\ this quotient can only be 
consideredd as an indication of the cell's relaxation rate. Using this 
syllectometryy technique, however, it can be confirmed that the more rigid the 
cellss are the slower their relaxation rate is. Of course, the plasma viscosity has 
alsoo to be taken into account here. This phenomenon was recently studied by 
Baskurtt and Meiselman5 who described a method for analyzing the recovery 
timee constant of elongated RBCs. 

Besidess the backscatter of light, a few groups studied the use of 
ultrasoundd for measuring RBC aggregation13. Since the latter technique may 
havee the potential for non-invasive in vivo RBC aggregation measurements, we 
validatedd the laser backscatter results with those of ultrasound, using a specially 
adaptedd echo probe on the LORCA. Regarding the kinetics of RBC 
aggregation,, a comparable outcome was found whether light or ultrasound 
backscatterr was measured.11 In separate series of experiments, using similar 
geometry,, parallel results were found for the LORCA amplitude (au) and the 
integratedd ultrasound backscatter power (dB) in hypo- normal- and 
hyperaggregatingg RBC suspensions. 

Thee present study has validated the LORCA for use as an aggregometer 
andd it can be anticipated that this modality of the instrument will allow 
identificationn of a number of clinical disorders. In addition to the capacity for 
measurementt of RBC deformability, it can be concluded that the instrument is 
uniquee in offering a reliable method for two crucial hemorheological 
parameters,, deformability and aggregability. Furthermore, other kinetic 
parameters,, related to the physical properties of RBCs, such as 7}  and Ts, can be 
obtainedd as well. 

Besidess its proven suitability for measurement of RBC deformability and 
thee suggested potential for investigation of the RBC relaxation or recovery 
behavior,, the present study shows that the instrument is an accurate and 
sensitivee RBC aggregometer as well. 
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