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Thirty-two platelet donors at the Cleveland Clinic Foundation 
were monitored for white blood cell count, leukocyte differential, 
red blood cell count, and platelet count before, during, and after 
the collection of platelets. Counts were performed at 15-minute 
intervals during plateletpheresis using the Fenwal CS 3000 cell 
separator and at the beginning of each draw cycle using the 
Haemonetics V50 cell separator. Red blood cell concentration 
declined significantly (p < 0.05). Leukocyte counts decreased ini-
tially^ < 0.05), followed by a secondary rise, and reached a plateau 
below the initial value. Platelet counts declined steadily with a net 
loss comparable to the platelet yield. Platelet collection efficiencies 
on the two machines were not significantly different. 
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Apheresis is the removal of whole blood from an individ-
ual, the separation of that blood into its components, 
retention of one or more components, and return of the 
remaining constituents to the individual. The terms plate-
letpheresis, leukapheresis, and plasmapheresis refer to the 
selective removal of platelets, white blood cells, and plasma, 
respectively. Apheresis has been demonstrated to be an 
effective form of treatment in various diseases and may be 
used to obtain appropriate blood components for infusion 
into patients with a deficiency of that blood constituent. 

Centrifugation and membrane filtration have been used 
as separation methods. Discontinuous- and continuous-flow 
systems are currently the most commonly used techniques. 
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Table 1. Age and sex of platelet donors 
Haemonetics V50 Fenwal CS 3000 

Males Females Males Females 
(y) (yr) (yr) (yr) 
26 29 24 22 
26 32 26 24 
27 34 26 
30 41 28 
30 44 30 
36 48 30 
41 52 47 
48 50 
50 54 
52 
52 
56 
60 
? 

A discontinuous-flow system requires one veni-
puncture site, using a low-gauge needle. A small 
volume of whole blood is removed from the 
donor, blood flow stops, the whole blood is sep-
arated into its components via the centrifuge, 
and undesired components are returned to the 
donor. The process is repeated. A continuous-
flow system requires two venipunctures, a draw 
line, and a return line, and uses higher-gauge 
needles. Removal of blood from the donor, sep-
aration of whole blood into its components, and 
infusion of undesired components are continuous 
throughout the procedure. A "surge pump" col-
lection system, which is a modified centrifuga-
tional device, has been used experimentally in 
plateletpheresis.1,2 Flat- and hollow-fiber filtra-
tion devices are promising for the removal of 
specific plasma components, however, these tech-
niques are not yet routinely used for component 
preparation. 

Risks associated with apheresis include hypo-
volemia, citrate reactions, blood loss, red cell 
hemolysis, air embolism, hepatitis, and depletion 
of plasma constituents.3 Complications are more 
frequent during therapeutic apheresis than dur-
ing component preparation, due to the morbid 
condition of the patient. The study of dynamic 
changes in cellular and solute concentrations dur-
ing apheresis is straightforward in healthy blood 
donors. Such studies are important to maximize 
the safety of the apheresis process. 

Increasing demand for platelet transfusion im-
plies the need to recruit greater numbers of 
donors,4 and ensuring the safety of the donors is 
a crucial factor in recruitment. Although most 
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blood components are returned to the donor in 
plateletpheresis, blood cell count studies are of 
interest to demonstrate donor safety. The pres-
ent study measures alterations in donor blood 
cell counts during plateletpheresis using a contin-
uous-flow system and a discontinuous-flow sys-
tem. 

Materials and methods 
Thirty-two healthy donors at The Cleveland 

Clinic Foundation were studied with respect to 
red blood cell count, white blood cell count, 
platelet count, and leukocyte differential before 
plateletpheresis, at regular intervals during the 
collection, and following the termination of the 
procedure. The age and sex of donors are re-
corded in Table 1. A minimum of 3 X 1011 

platelets per unit was obtained from each donor.5 

Continuous-flow plateletpheresis using the Fen-
wal CS 3000 cell separator (Fenwal Laboratories, 
Inc., Deerfield, IL) (n = 16) and discontinuous-
flow plateletpheresis using the Haemonetics V50 
cell separator (Haemonetics Corp., Braintree, 
MA) (n = 16) were compared. Samples from the 
Fenwal CS 3000 group were collected at the 
beginning of the procedure and at 15-minute 
intervals thereafter, with the final sample collec-
tion just before termination of the donation. 
Samples from the Haemonetics V50 group were 
collected at the beginning of each draw cycle and 
at the end of the procedure. Blood samples were 
collected via a Y connector placed just above the 
point of addition of adenosine-citrate-dextrose 
solution. A total of 2 to 3 mL of blood was 
collected per specimen. 

The means of the platelet count, red blood cell 
count, total white blood cell count, and percent-
ages of granulocytes and lymphocytes were cal-
culated per time interval or draw cycle for each 
group. The data gathered on the Haemonetics 
V50 and Fenwal CS 3000 were compared, match-
ing draw cycle and interval for each of the five 
variables. An unpaired two-tailed t test was used 
to compare the data. The limit of statistical sig-
nificance was set at p < 0.003 obtained by the 
Bonferroni method, a multiple comparison pro-
cedure.6 

The early and overall variations in the cell 
counts were measured for each of the five vari-
ables using the previously calculated means. The 
early changes within groups for each machine 
were calculated using the differences noted be-
tween the first and second or first and third 

 on August 18, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


September/October 1987 Cleveland Clinic Journal of Medicine 413 

Table 2. RBC, WBC, and platelet counts (mean ± SD) for Fenwal CS-3000 
Volume (mL) Granulocyte Lymphocyte Platelets 
(Time, min) RBC(xlO'VL) WBC(xl09 /L) (%) (%) (X109/L) 

0 ( 0 ) 4.67 ± .34 7.03 ± 2.30 62 ± 7 32 ± 6 290 ± 88 
6 5 0 ( 1 5 ) 4.47 + .29 6.27 ± 2.19 67 + 7 29 ± 6 263 + 76 

1300 (30) 4.52 ± .32 6.22 ± 1.92 66 ± 4 27 ± 6 242 ± 63 
1950 (45) 4.50 ± .36 6.38 ± 2.13 67 ± 6 27 ± 6 235 ± 68 
2600 (60) 4.46 ± .31 6.42 ± 2.11 69 ± 6 26 ± 6 220 ± 66 
3250 (75) 4.45 ± .32 6.66 ± 2.06 68 ± 8 27 ± 7 206 ± 54 
3900 (90) 4.49 ± .37 6.74 ± 2.23 66 + 6 27 + 6 201 ± 54 
4550 (105) 4.42 ± .49 6.83 ± 2.45 66 ± 7 28 ± 7 191 ± 48 

Table 3. RBC, WBC, and platelet counts (mean ± SD) for Haemonetics V50 
Volume (mL) Granulocyte Lymphocyte Platelets 

(Cycle) RBC(XIO'7L) WBC(X109/L) (%) (%) (X109/L) 

0 ( 1 ) 4.82 ± .37 6.47 ± 1.47 64 + 12 3 0 + 12 287 ± 65 
450 (2) 4.64 ± .38 5.79 ± 1.34 64 ± 10 30 ± 12 262 ± 64 
900 (3) 4.77 ± .35 5.76 ± 1.33 66 ± 13 2 8 + 12 251 ± 65 

1350 (4) 4.63 ± .49 5.81 ± 1.34 67 ± 10 27 ± 11 241 ± 59 
1800 (5) 4.75 ± .38 6 . 0 6 + 1.12 64 ± 12 28 ± 12 242 ± 57 
2250 (6) 4.66 ± .43 5.95 ± 1.25 66 ± 12 28 ± 12 224 ± 49 
2700 (7) 4.62 ± .29 5.97 ± 0.87 67 + 10 26 ± 9 231 ± 46 
3150 (8) 4.62 ± .43 6.11 ± 1.06 70 ± 10 24 ± 8 233 ± 61 

specimens. The initial change utilized the first 
and third specimens if the difference between the 
second and third specimens was greater than that 
between the first and second specimens. The 
early variations were calculated to determine if 
significant changes in blood count occurred early 
or late in the donation process. The predonation-
postdonation difference was also calculated 
within each group. 

Platelet yield was measured for each of the 32 
donations. The total blood volume processed was 
measured for each donor in the Fenwal CS 3000 
group. In the Haemonetics V50 group, a calcu-
lated value was recorded for the total blood vol-
ume processed, using 500 mL as the blood vol-
ume per pass. The actual blood volume processed 
was calculated by subtracting the volume of an-
ticoagulant added from the total blood volume 
processed. The platelet collection efficiencies 
were calculated and the mean values for both the 
continuous-flow and the discontinuous-flow do-
nation groups were obtained. Platelet collection 
efficiencies were obtained by the following equa-
tion: 

% efficiency 

platelet yield 
original platelet count X liters processed 

X 100 

Paired two-tailed t-test analyses were used to 
test for differences in initial and overall changes 
for each blood component, and to test for a 
difference between machines for collection effi-
ciencies. Differences were considered statistically 
significant for each of these analyses if the p value 
was <0.05. 

Results 
Of the 16 donations using the Fenwal CS 3000, 

13 lasted the complete 105 minutes. Of the re-
maining three, two lasted 90 minutes and one 
was terminated at 75 minutes. Samples at 15, 45, 
and 60 minutes clotted in one case and counts 
were unattainable. The 30-minute sample differ-
ential was unavailable for one donor. 

The results for the Fenwal CS 3000 group are 
shown in Table 2. Utilizing cycle 8 or the 105-
minute sample as a final collection point, the red 
blood cell count mean decreased from 4.67 X 
10 I 2 /L to 4.42 X 10 I2 /L; the platelet count mean 
decreased from 290 X 109 /L to 191 X 109/L; 
and the white blood cell count mean initially 
decreased from 7.0 X 109 /L in the first sample 
to 6.2 X 109/L in the third sample, which then 
returned to 6.8 X 109/L. During the procedure, 
the lymphocyte percentage declined by 3.8% 
from 31.6% to 27.8%, and there was a corre-
sponding 4.3% increase in granulocytes from 
62 .1%to66 .4%. The platelet yields ranged from 
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Table 4. Average platelet count, RBC count, WBC count, and differential results for both groups matched 
by draw cycle and time interval* 

Cycle 

Platelet Count WBC Count RBC Count Lymphocyte % Granulocyte % 

Cycle T P T P T P T P T P 
1 0.1096 .91 0.7609 .45 - 1 . 2 0 5 1 .24 0.4745 .64 - 0 . 4 0 6 9 .69 
2 0.0440 .97 0.6857 .50 - 1 . 4 0 6 8 .17 - 0 . 2 4 9 8 .80 0.7727 .45 
3 - 0 . 3 6 1 0 .72 0.7118 .48 - 2 . 0 4 6 1 .05 - 0 . 2 7 1 6 .79 0.1733 .86 
4 - 0 . 2 4 1 2 .81 0.8159 .42 - 8 . 4 4 8 .41 - 0 . 1 2 4 7 .90 0.1981 .84 
5 -0 .9681 .34 0.5919 .56 - 2 . 3 0 4 9 .03 - 0 . 5 2 1 7 .61 1.3594 .19 
6 - 0 . 9 5 3 5 .35 1.0858 .29 - 1 . 5 5 1 1 .13 - 0 . 2 7 8 7 .78 0.5114 .61 
7 - 1 . 4 0 8 7 .17 1.1220 .28 - 0 . 9 5 4 0 .38 0.1410 .89 - 0 . 2821 .78 
8 - 1 . 7 1 0 0 .10 0.6768 .51 - 0 . 9 6 0 0 .35 1.1886 .25 - 0 . 8221 .42 

* At the 5% level, p-value = 0.05/(2-tail comparison)/(8 comparisons) = (0.05/2)/8 = 0.003. 
No statistically significant differences were found between machines for any of the variables. 

3.16 X 1011 to 8.59 X 1011 platelets. The actual 
blood volume processed was 4,550 to 4,650 mL 
in 15 cases; one procedure yielded 3,150 mL and 
3.55 X 10 " platelets. The platelet collection ef-
ficiencies ranged from 33% to 55%. 

Of the 16 collections using the Haemonetics 
V50, seven had a duration of five passes, two had 
a duration of six passes, and seven lasted seven 
passes. Results on the fifth draw sample for one 
donor were unavailable. Samples clotted on 
draws three and four in another case. The third 
draw cycle differential was not assessed in one 
donor. 

The results for the Haemonetics V50 group 
are shown in Table 3. Utilizing cycle 8 (specimen 
collected after seventh pass) as a final collection 
point, the red blood cell count mean decreased 
from 4.83 X 1 0 1 2 / L t o 4 . 6 2 x 1012/L; the platelet 
count mean decreased from 287 X 109/L to 233 
X 109/L; and the white blood cell count mean 
initially decreased from 6.5 X 109 /L in the first 
sample to 5.8 X 109 /L in the third sample. The 
white blood cell count then increased to 6.1 X 
109/L. There was a 6.4% decline in lymphocytes 
from 30.0% to 23.6%, and a corresponding 
6.1% increase in granulocytes from 63.5% to 
69.6%, during the procedure. The platelet yield 
ranged from 2.26 X 10 u to 5.0 X 1011 platelets. 
The actual blood volume processed ranged from 
2,250 mL to 3,150 mL. Platelet collection effi-
ciencies ranged from 23% to 69%. 

The complete blood cell counts were similar 
for the continuous and discontinuous centrifu-
gation techniques. No statistically significant dif-
ferences between machines were found for any 
of the five variables (red blood cell count, leu-
kocyte count, platelet count, lymphocyte per-

centage, and granulocyte percentage matched 
for draw cycle and 15-minute interval) despite 
the difference in volumes of blood processed 
(Table 4). Tables 5 and 6 demonstrate the changes 
in complete blood count, lymphocyte percentage, 
and granulocyte percentage in both groups. A 
small decrease in the red blood cell concentration 
was noted in both methods, 4% for the V50 and 
6% for the CS 3000. There was a steady decline 
in the platelet count, averaging 20% for the V50 
and 34% for the CS 3000. We observed no brief 
increase in platelet concentration as reported in 
previous studies.7,8 In the V50 group, there was 
an initial 11 % decline in the white blood cell 
count that was followed by an increase to 94% of 
the initial value. In the CS 3000 group, there 
was an initial 12% decline in leukocyte count that 
was followed by a return to 97% of the initial 
value. The differential change in lymphocyte and 
granulocyte percentages was proportional, as 
stated previously. No cell counts dropped below 
established normal ranges. 

Statistically significant differences in age and 
sex were found when comparing both population 
groups via the two-tailed t test and chi-square 
analysis, respectively. Due to the larger gauge 
needles used with the Haemonetics V50, males 
were more likely to be chosen for this population 
group. Age was considered a random phenome-
non at the time of testing. 

Discussion 
The long-term effects of plateletpheresis on 

the blood count are known. Westphal9 and Ho10 

agree that in this group of donors, lymphocyto-
penia and thrombocytopenia are occasional com-
plications. Strauss11 suggested that donors with 
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prepheresis lymphocyte counts less than 1.2 X 
109/L be deferred. Koepke et al12 examined do-
nors who had undergone plateletpheresis weekly 
with the Haemonetics Model V30 blood proces-
sor and found a 20% decrease in circulating 
lymphocytes, most of which were of the B cell 
type. In a study of 11 donors who had undergone 
cytapheresis more than 50 times, Heal et al13 

recognized that despite a drop in lymphocyte 
count, the ratios of T:B and helper: suppressor 
cells had been maintained. Glowitz and Slichter14 

examined a large group of donors whose platelets 
had been collected on alternate days with the 
Haemonetics V30 and found the platelet concen-
tration to drop to 70% of the predonation level. 
This effect occurred after six to eight donations 
and then stabilized with sequential donations. 

There are many reports on blood cell counts 
of the platelet-rich product. Mintz,15 in a com-
parison of the Fenwal CS 3000 and the IBM 
2997 Dual Stage devices, found more leukocyte 
contamination (0.46 X 109/L) of the CS 3000 
platelet-rich product than of the product of the 
IBM 2997 group (0.09 X 109/L). The IBM 2997, 
Fenwal CS 3000, and Haemonetics V50 platelet-
rich products are all characterized by a hemato-
crit of less than 1 % and leukocyte contamination 
less than 0.5 X 109/L.16,17 Slight differences in 
platelet collection efficiency have been described 
for the various licensed devices.15,18,19 

Multiple studies of the changes in donors' 
blood counts immediately following the proce-
dure have been reported. Following collection 
with the Fenwal CS 3000, the hematocrit de-
creases by 3% to 5%, and the platelet concentra-
tion decreases by about 20%. 22 The leukocyte 
concentration may increase by 1% to 2% after 
the donation procedure.20 21 Other studies of var-
iations in donors' blood counts immediately fol-
lowing the procedure have been observed for the 
IBM 2997 Single and Dual Stage channels.23"26 

Two studies reported blood counts before, 
during, and after the donation procedure using 
the Haemonetics V30 for plateletpheresis.2728 

These studies found a larger early decrease in 
hematocrit and platelet count followed by a lev-
eling off of the decline. The present study reports 
predonation and postdonation complete blood 
counts and differentials, and changes in these 
values at frequent intervals during the donation 
process, using two apheresis devices, the Hae-
monetics V50 and the Fenwal CS 3000. 

The donor's platelet count decreased propor-
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Table 5. Change from initial to final values for 
both groups 

Haemonetics V50 CS 3000 

T p-value T p-value 

Platelet count 8.69 .0001* 7.29 .0001* 
WBC count 4.03 .0017* 2.54 .0238* 
RBC count 3.69 .0022* 3.99 .0012* 
Lymphocyte % 2.43 .0282* 3.29 .0050* 
Granulocyte % - 1 . 9 3 .0729 - 3 . 0 2 .0087* 

* p-value <0.05. 

T a b l e 6 . Initial change for both groups 
Haemonetics V50 CS 3000 

T p-value T p-value 

Platelet count 8.12 .0001* 7.13 .0001* 
WBC count 4.85 .0004* 8.77 .0001* 
RBC count 2.24 .0405* 4.36 ' .0006* 
Lymphocyte % 0.74 .4682 1.87 .0815 
Granulocyte % - 1 . 4 7 .1614 - 2 . 2 9 .0367* 

* p-value <0.05. 

tionately with the platelet yield in both collection 
systems. The results of this study differ slightly 
from the results of Rock et al17 by demonstrating 
a greater decline in leukocyte count during 
plateletpheresis. Even though the difference be-
tween the predonation and postdonation leuko-
cyte counts was less than 5 X 108/L, during 
plateletpheresis the leukocyte count decreased by 
8.0 X 108 /L (CS 3000) and 7.0 X 108 /L (V50). 
This suggests self-limited margination of the 
white blood cells in response to plateletpheresis. 
Red blood cell loss was minimal for both centrif-
ugation systems, but slightly greater in the CS 
3000 group. This finding, as well as the greater 
decline in platelets with the CS 3000, can be 
explained by the larger total blood volume proc-
essed. The platelet collection efficiencies between 
the two machines were comparable. 

Blood counts, including venous platelet con-
centration, red cell concentration, and white cell 
concentration, change predictably during the 
course of the procedure. At no time is an un-
physiologic state measurable. Donor safety is 
ensured throughout the course of these proce-
dures. 
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