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Background: The problem of red blood cell (RBC) shortage occurs because of the expanding demand for blood utilization 
and the difficulties in donor recruitment and retention. Resources can be maximized by using current technology to collect 
two units of RBC from the same donor during a single collection session.
Objective: To evaluate the performance, collection efficiency (CE), production cost, and donor satisfactions of two 
commercially available blood cell separators (BCS) for double dose red cell (DDRC) collection. Donor safety, clinical 
effectiveness, and patient safety were studied.
Material and Method: Thirty-one repeated male donors from the blood bank, Department of Pathology, Faculty of Medicine, 
Ramathibodi Hospital, Mahidol University were recruited for DDRC collection by two BCSs, the Alyx™, Fresenius Kabi, 
NC, USA, and the MCS®+, Haemonetics Corporation, Scotland. The donation intervals were at least 16 weeks. The target 
RBC volume was 360 mL (180 mL x 2 units). Pre- and post-donation hematologic parameters were monitored and quality 
tests for DDRC were performed. Donor reactions (DR) were observed and donor satisfaction questionnaires were collected 
after donations. Eighty-six units of RBC were transfused to 33 patients. Transfusion reactions (TR) were observed, and 
hematocrit (Hct) increments were determined pre-transfusion and 24 hours post-transfusion.
Results: The Alyx™ was faster for collecting and filtrating RBC (p<0.001) and had better CE (p<0.001). All DDRC from 
both BCSs met all the quality standards, required by both the American Association of Blood Banks (AABB) and the Food 
and Drugs Administration (FDA), which were hemoglobin (Hb) >42.5 g, Hct 50 to 70% and the residual white blood cells 
(WBC) <5x106. The Alyx™ processed less whole blood (WB) volume but provided DDRC with higher RBC yield, Hb content, 
and RBC volume than that of MCS®+ (p<0.001). However, the MCS®+ had one advantage over the Alyx™ whereby the 
DDRC collected by the MCS®+ were washed to reduce the risk of plasma associated TR. No serious DR from either BCS 
was observed. All donors had Hb >10 g/dL and Hct >30% after collection, as required by AABB. Serum ferritin reduction 
and iron depletion found in DDRC donors were not different from WB donors. All donors were satisfied with the DDRC 
collection process and would like to donate again. There was no evidence of acute or delayed TR in the patients. Hct 
increased significantly in 69.70% of the patients.
Conclusion: DDRC collection can be performed safely and efficiently from both BCS. The quality of DDRC from both BCSs 
met the AABB and FDA standards. Donor safety, transfusion safety, and effectiveness were observed. Even though the 
production cost of DDRC was slightly higher than that of whole blood derived filtered RBC, DDRC was better in terms of 
quality, risk reduction for infectious agents, and RBC alloimmunization. Production of DDRC can also be helpful supplying 
special RBC such as group O, Rh D negative, and phenotyped RBC.
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 Red blood cell (RBC) shortages have been 
observed, as a result of the continuously expanding 
demand, over utilization and difficulties in the 
recruitment and retention of blood donors, more 
stringent donor criteria and economic and sociological 
changes(1-4). In Thailand, the shortages often occur 

because of the high prevalence of thalassemic patients 
who need regular RBC transfusion, especially during 
summer vacation. The prevalence of α-thalassemia, 
β-thalassemia, and Hemoglobin (Hb) E are 20 to 30%, 
3 to 9%, and 13%, respectively(5). The patients who 
live upcountry may lose time and travel costs to the 
hospital and cannot be transfused because of the RBC 
shortage. In addition, most of multitransfused patients 
usually develop multiple RBC antibodies and it is         
more difficult to find compatible RBCs for these 
patients.
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 To overcome these problems, maximizing 
donor resources by multicomponent collection from 
the same donor during one apheresis session has been 
implemented(4,6). The automated instruments provide 
more units of standardized products, especially the 
group O RBCs and rare blood group RBCs and allow 
predictable collection with consistent volumes and 
yields(7,8). Currently, the different instruments vary in 
terms of techniques, principles, processing speed, and 
efficiency. The aims of the present study were to 
evaluate the performance of blood cell separators 
(BCS) for double dose red cell (DDRC) collection, 
compare the quality and unit costs of DDRC, study 
donor safety and satisfaction, and study the clinical 
effectiveness of DDRC products.

Material and Method
Donors
 All of the 31 donors were repeated donors for 
whole blood (WB) collection and plateletpheresis at 
the blood bank, department of pathology, Ramathibodi 
Hospital. The study was approved by the Ethics 
Clearance Committee of Human Rights Related to 
Research Involving Human Subjects, Faculty of 
Medicine, Ramathibodi Hospital, Mahidol University. 
All donors met the eligibility requirements of American 
Associated of Blood Bank (AABB), Food and Drug 
Administration (FDA), and the Council of Europe (EU) 
for WB donation and passed the requirements of AABB 
for DDRC collection(9) as shown in Table 1. The target 
RBC volume was set at 360 mL (180 mL x 2 units).

Collection protocol
 Prior to the first donation, the donors were 
informed to donate DDRC twice by both BCS with the 
minimal donation interval (DI) of 16 weeks. They were 
allowed to choose the BCS for the first DDRC 
collection, and then each donor donated the second 
DDRC collection by the other BCS. For the first 
donation, 15 donors chose the Alyx™ and 16 donors 
chose the MCS®+. The donors were asked to donate 

the third DDRC collection in order to be monitored for 
their serum ferritin levels (SFL).

Serum ferritin levels
 Before and after each donation, sera were 
separated and stored at -30°C for SFL at the immunology 
laboratory. The sera were thawed on the day of the 
assay and SFL was measured using a Chemiluminescent 
Microparticle Immunoassay (CMIA) by the automated 
immunochemistry analyzer, Architect system (Abbott 
Laboratories, Longford, Ireland). According to the 
World Health Organization (WHO) guidelines, the SFL 
of less than 15 ng/mL was indicative of depleted iron 
stores(10).

Production cost
 The production cost of DDRC was calculated 
from labor cost, investment cost, and cost of disposable 
kits and blood processing laboratory tests. Then, the 
cost for one unit of DDRC was compared to the cost 
of WB derived filtered RBC.

Clinical effectiveness
 The study included 33 thalassemic patients. 
Twelve patients had splenectomy. The Alyx™ DDRC 
was transfused into 22 patients. Thirteen of them 
received blood for the first time while the other               
nine patients received blood for the second time. The 
MCS®+ DDRC were transfused into 21 patients.      
Nine of them received blood for the first time, while 
the other 12 patients received blood for the second 
time. Hematocrit (Hct) were determined before and  
24 hour after transfusion. Transfusion reactions were 
observed by nurses during and after transfusion.

Statistical analysis
 SPSS for Windows, version 18.0 (IBM SPSS 
Inc., Chicago, IL) was used for the statistical analysis. 
The results were expressed as mean  standard 
deviation (SD) and 95% confidence interval. A p-value 
of <0.05 was considered as statistically significant. 
Normal distribution was tested by the Kolmogorov-
Smirnov test. If normality was rejected, the results were 
expressed as median and interquartile range (IQR). 
Statistical comparisons were made with the paired  
t-test and unpaired t-test. The donor satisfaction 
questionnaires were tested by the McNemar test. The 
instrument satisfaction and donor reaction were        
tested by Wilcoxon Matched-Paris signed-ranks test. 
The results of the questionnaires were expressed as 
percentages.

Table 1. Screening criteria for double RBC collection

Sex Weight 
(kg)

Height 
(cm)

Hb Absolute 
red cell volume

Male  59-67
 68-78
    ≥79

≥155
≥155
≥155

≥13.3 g/dL
≥13.3 g/dL
≥13.3 g/dL

180 mL x2
200 mL x2
210 mL x2

Female  68-78
    ≥79

≥165
≥165

≥13.3 g/dL
≥13.3 g/dL

180 mL x2
200 mL x2

RBC = red blood cell; Hb = hemoglobin
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 The raw data of SFL was transformed by 
logarithm base 10, and a normal distribution curve      
was obtained. The SFL were expressed as geometric 
mean  SD and compared by unpaired t-test and paired 
t-test. The paired t-test and unpaired t-test were also 
used for both dependent and independent data for the 
clinical effectiveness study.

Results
 No female donors were eligible for DDRC 
collection because their weight and height did not pass 
the criteria. Forty-five male donors were initially 
enrolled, but only 31 donors were included in the 
present study. Four donors did not come back to donate 
for the second time. The other ten donors did come 
back but did not want to donate DDRC. They donated 
WB and apheresis platelet instead. The median of         
DI using Alyx™ and MCS®+ was 18 and 19 weeks, 
respectively.

Donor characteristics
 The donor ages ranged from 25 to 57 years 
old. The DI ranged from 17 to 30 weeks. The donor 
mean weight was 76.8114.10 kg for Alyx™ and 
77.3213.96 kg for MCS®+. The median and range          
of donor height were 168 and 160 to 181 cm. The 
weight and height of each donor were not statistically 
significant at the time of donation. There were no 
significant differences of the first and second pre-
donation hematologic parameters of the same donors 
between both BCS.

Procedure parameters
 The procedure parameters and the calculated 
collection efficiency (CE) were shown in Table 2. The 
DDRC collection time (CT) and filtration time (FT) 

by Alyx™ was significantly lower than the MCS®+. 
Moreover, the volume of WB processed and SAG-M 
additive solution used by Alyx™ were significantly 
lower than those of the MCS®+. However, the volume 
of ACD-A infused into the donors was much lower 
with MCS®+ collection even though ACD-A was used 
as a priming solution in MCS®+ while 0.9% NSS was 
used as a priming solution in Alyx™. The CE by the 
Alyx™ was significantly higher than the MCS®+.

Product characteristics
 The characteristics per unit of RBC (total 
volume, RBC volume, Hb content, and RBC yield) 
collected by the Alyx™ were significantly higher        
than that of the MCS®+ as shown in Table 3. On the 
other hand, the Hct of RBC collected by MCS®+ was 
significantly higher than that of the Alyx™ even though 
the Hb content was significantly lower. The products 
from both BCS met the requirements of AABB and 
EU. All units had Hb >42.5 g, RBC volume >128 mL, 
and residual white blood cells (WBC) ≤1x106.

Product costs
 The production cost in Thai Baht were 
compared between of DDRC and four types of WB 
derived pre-storage and post-storage filtered RBC, 
which were three pre-storage inline filtered RBC from 
top and bottom system (Haemonetics Corporation, 
Massachusetts, USA), WB filtration (Terumo BCT, 
Tokyo, Japan and Haemonetics Corporation, 
Massachusetts, USA) and post-storage filtered RBC 
(Terumo BCT, Tokyo, Japan).

Donor safety
 No serious donor reaction and complaint were 
observed. The donors’ feedbacks were collected for 

Table 2. Procedure parameters

Parameters Instruments p-value
Alyx™ (mean  SD) MCS®+ (mean  SD)

Procedure time (minute)
 Collection time
 Filtration time

        34.035.71
        27.555.85
          6.480.43

   47.163.01
   36.942.53
   10.221.23

<0.001
<0.001
<0.001

Whole blood processed (mL)       893.2363.14 1,015.3571.48 <0.001
ACD-A prime (mL) 0 15
ACD-A used (mL)       122.356.87    71.394.16 <0.001
SAG-M addition (mL/unit)         80.563.84    92.213.43 <0.001
Collection efficiency (%)         85.233.69    69.004.08 <0.001

ACD = acid-citrate-dextrose; SAG-M = saline-adenine-glucose-mannitol
Statistically significant difference p<0.05
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any discomforts (perioral tingling, pain at the needle 
site, and dizziness) during and after the collection. 
There were no significant differences in discomfort 
between both BCS.
 All of the post-donation parameters (Hb, Hct, 
RBC, and WBC count) with the exception of platelet 
counts, showed significantly lower level than those of 
pre-donation level. However, only the differential 
values of Hb, Hct, and RBC count were significantly 
lower after collection. According to AABB standard, 
the post-donation Hb and Hct of DDRC donors shall 
not be less than 10 g/dL and 30%, respectively. All of 
the DDRC donors in our study passed the AABB 
standard.
 Donors SFL before and after DDRC collection 
were compared as geometric mean  SD. We can 
compare 31 donors’ SFL before and after the first 
donation, but only 27 donors’ SFL before and after       
the second donation because four donors did not       
come back after the second donation. There were no 
significant difference of SFL (p = 0.13) between the 
first and second pre-donation. Similarly, there were no 
significant difference of SFL (p = 0.41) between the 
first and second post-donation. Table 4 showed the  
SFL reduction after DDRC collection from the same 
group of donors by each instrument. There were no 
significant difference of SFL reduction for both BCS 
(p = 0.69 and 0.95, respectively). Donor SFL before 
DDRC collection were shown in Table 5. It was        
found that 3/31 donors (9.68%), 4/31 donors (12.90%) 
and 2/27 donors (7.41%) had iron depletion (IRD) 
before the first, second, and third DDRC collection, 
respectively.

Donor satisfaction
 There were no significant differences of         
mean donor satisfaction scores between these two BCS 

in all questions, except for the question of donation 
experience on each BCS. The satisfaction for Alyx™ 
was slightly higher than MCS®+.

Clinical effectiveness of DDRC
 T h i r t y - t h r e e  t h a l a s s e m i c  p a t i e n t s 
(β-thalassemia/Hb E and β-thalassemia major)  
received 43 DDRC (86 units of RBC) from 31 donors. 
The patient median age was 14 years old (range 8-20). 
All patients received two units of RBC at the same 
transfusion sessions. The successful transfusion was 
indicated by the increased Hct within 24 hours after 
transfusion.
 No matter what patients received DDRC from 
either Alyx™ or MCS®+, all patients had significantly 
higher post-transfusion Hct (p<0.001). The transfused 

Table 3. Product characteristics per unit

Parameters Instruments p-value
Alyx™ (mean  SD) MCS®+ (mean  SD)

Volume (mL) 259.066.25       230.8010.04 <0.001
Hb content (g)   51.383.39         47.463.88 <0.001
RBC volume (mL) 157.446.77       145.748.29 <0.001
Hct (%)   60.062.39         62.161.83 <0.001
RBC yield (x1012)     1.830.16         1.7160.17 <0.001
Residual WBCs (x106)     0.140.14           0.140.10   0.850

Hct = hematocrit; WBCs = white blood cells
Statistically significant difference p<0.05

Table 4. Comparison of serum ferritin reduction after 
DDRC collection

Decreased ferritin level (mean  SD) p-value
Alyx™ MCS®+

27.701.91 (first) 24.781.70 (second) 0.69
23.921.99 (second) 24.361.70 (first) 0.95

DDRC = double dose red cell
Statistically significant difference p<0.05

Table 5. Serum ferritin levels before DDRC collection

Ferritin level Before DDRC collection
1st donation 

(n = 31)
2nd donation 

(n = 31)
3rd donation* 

(n = 27)
Normal
 (≥15 ng/mL)

28 27 25

Iron depletion
 (<15 ng/mL)

  3   4   2

* Only 27/31 DDRC donors came to donate for the third time
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patients were classified into two groups. Group I 
patients (n = 10) received DDRC from both BCS. 
Group II patients (n = 23) received DDRC from either 
Alyx™ or MCS®+. The percentage of Hct increment 
in both groups from either the same or different donors 
were not statistically significant as shown in Table 6. 
However, the percentages of Hct increment in patients 
who received Alyx™ DDRC was always higher those 
of MCS®+. No patient had transfusion reactions.
 Nevertheless, there were 10 patients whose 
Hct increment less than 6%, which is lower than the 
predicted post-transfusion Hct after receiving DDRC 
from both BCS.

Discussion
 Thirty-one eligible male donors were enrolled 
into the present study. We cannot include any female 
donors because most of Thai women have smaller 
stature than international screening criteria and they 
often have menstruation, which stops them from 
donating. The AABB and FDA required the DI of 
greater than16 weeks. The DI range in the present study 
was 17 to 30 weeks because some donors lived in the 
periphery or outside of Bangkok and did not want to 
travel very often for DDRC collection. We reduced the 
bias that could affect the result of procedure parameter 
and product quality by collecting DDRC from the same 
group of donors by both BCS. Considering for donor 
safety, we collected absolute RBC volume at the lowest 
target volume (180 mL x 2 units).
 There were significant differences in all 
procedure parameters between both BCS which               
was similar to the previous report by Picker et al(3).            
It can be explained by the fact that MCS®+ used the 
discontinuous flow (DCF) principle to collect WB and 
filled up the centrifuge bowl. Therefore, MCS®+ 
needed more extracorporeal blood volume. Alyx™ 
used the continuous flow principle, which the WB was 
gradually drawn into the reservoir and the centrifuge 
chamber. Thus, the Alyx™ processed WB was less 

than MCS®+. Therefore, the CE of MCS®+ was lower 
and it was considered as a limitation of MCS®+.          
ACD volume used in Alyx™ was significantly more 
than that of MCS®+ because the ACD ratio of Alyx™ 
was less than that of MCS®+. However, the donor 
reactions observed were not statistically significant 
between both BCS.
 The shorter donation time (DT) was critically 
important for DDRC donor recruitment and retention(2,3) 
because the donor usually chose to donate with the 
BCS that had shorter DT. Our result was similar to the 
earlier study by Picker et al(3), that Alyx™ was faster 
than MCS®+. The CT of MCS®+ was significantly 
longer due to the DCF technique. It was observed in 
our study that the FT of Alyx™ was significantly 
shorter than MCS®+ as previously reported by 
Radojska et al(11). The Alyx™ performed filtration 
automatically under pressure immediately after 
collection while MCS®+ used gravity for RBC filtration 
from a height of 1.3 meters.
 Regarding product characteristics, the unit 
volume, RBC yield and volumes of Alyx™ DDRC 
were significantly more than those of MCS®+ even 
though the targets were set at the same volume. After 
filtration, the RBC volume in each unit was less than 
the set target due to the loss of RBC in the dead space 
of filters, which were about 45 mL for MCS®+ and        
38 mL for Alyx™. Therefore, the new set target volume 
should be 200 mL x 2 units and 210 mL x 2 units for 
Alyx™ and MCS®+ respectively in order to achieve 
the final target of 180 mL x 2 units DDRC. If we used 
these new set target volumes to screen the donors in 
the present study, we would have only 25 qualified 
donors (80.65%). The remaining six donors (19.35%) 
would not meet the screening criteria because their 
weights were less than 68 kg.
 The Hb content in DDRC by MCS®+ was 
significantly lower than that by Alyx™. However, the 
Hct in DDRC by MCS®+ was significantly higher 
because less volume of SAG-M was added to MCS®+ 

Table 6. Comparison of the hematocrit increments after DDRC transfusion

Patients No. of patients Hematocrit increment (%) p-value
Alyx™ DDRC (mean  SD) MCS®+ DDRC (mean  SD)

Patient group I
 DDRC from the same donor
 DDRC from the different donor

10
  4
  6

7.612.47
7.932.69
7.402.55

6.401.92
7.501.39
5.671.97

0.24
0.74
0.22

Patient group II 23 7.271.70 6.802.71 0.62
Total 33 7.422.04 6.612.32 0.23

Statistically significant difference p<0.05
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DDRC. Moreover, the procedure of MCS®+ included 
RBC wash with 0.9% NSS, which might lower the 
amount of fluid in the product. The advantage of 
MCS®+ over Alyx™ was that the final products         
were washed RBC, which could reduce the incidence 
of transfusion related acute lung injury (TRALI), 
especially from multiparous female donors.
 The residual WBC in DDRC showed no 
significant difference, but it was observed that         
Alyx™ had slightly higher residual WBC as reported 
by previous studies(3,11). This could be due to pressure 
filtration. After filtration, air pressure released from the 
final product bags to filters might cause an artificial 
reflux from filters that contained high WBC back into 
the final product bags. It could be avoided by placing 
a clamp together with an additional air bag between 
the storage bag and the filter(3,11). In addition, skill in 
burping of the final products should be done with 
attention to avoid this reflux. The quality of filtered 
RBC from both BCS had no significant difference in 
terms of hemolysis rate, supernatant Hb, supernatant 
K+, ATP content, pH, glucose, and lactate on the 
collection day as previously described(3,11).
 The production cost of DDRC was not much 
different than WB derived filtered RBC. The DDRC 
reduced the labor cost of component preparation and 
processing. Moreover, the reagent cost for infectious 
marker screening and quality control reduced because 
they were the cost of two units RBC in DDRC, 
compared to the same cost for only one unit of WB 
derived RBC. The workload for paperwork was also 
reduced. The only higher cost of DDRC was the higher 
price of the disposable kits(7).
 There were no significant differences for 
donor reactions during and after collections by both 
BCS. No vasovagal reaction was observed. This was 
probably because all donors were repeated donors. 
Nine of them (29%) were plateletpheresis and 22 of 
them (71%) were regular WB donors. The common 
donor reaction observed in our study was perioral 
tingling from citrate toxicity, which was similar to the 
previous studies(3,12-16) and it was resolved immediately 
by oral calcium administration.
 Considering donor safety, post-donation 
levels of Hb, Hct, and RBC were slightly lower in 
donors collected by Alyx™ because the CE of Alyx™ 
was better than MCS®+, but no donor had Hct and Hb 
less than AABB standard(17).
 The donors’ iron status was monitored in our 
study by SFL(10,18) in order to prevent IRD. The donor 
may have normal Hb even though they have depleted 

iron store. According to WHO guidelines, donor with 
SFL less than 15 ng/mL is considered to have IRD(19). 
As DDRC collection removed approximately twice  
the amount of RBCs as compared to WB donation,           
the DI recommendations for the DDRC was more          
than four months(20). Shi and Ness reported that iron 
loss from DDRC collection was 320 to 420 mg(12). 
There was ample documentation that SFL dropped 
significantly after donation and remained depressed        
at 30 days compared to baseline levels, but was still 
within the lower end of normal range(20). Five donors 
had SFL dropped below 15 ng/mL, which was considered 
to have IRD. Even though iron supplements were given 
to all donors, most of them did not take it regularly and 
that might cause IRD in regular blood donors. The IRD 
in DDRC donors prior to collection in the present         
study was similar to the previous report of iron stores 
in Thai WB donors by Tardtong et al, which showed 
that the IRD occurred gradually with the increased 
frequency of WB donations(21). Moreover, IRD in blood 
donors might have been caused by many other factors 
including diet and menstruation. Therefore, the type 
of donation, WB or apheresis, was not really the 
explanation for iron deficiency and IRD(15,21).
 Since the SFL had a wide range, they were 
transformed to log base 10 before comparing the level. 
It was found that there was no significant difference of 
SFL reduction in the same group of donors between 
both BCS, no matter which BCS was chosen to be           
the first one to collect DDRC in those donors. Tardtong 
et al reported that the mean SFL in regular WB male 
donors who donated WB four times per year was 
27.7019.89 ng/mL (range from 8-47)(21). The mean 
SFL of male DDRC donors in our study after two 
donations (4 units of RBC) was 51.2741.86 ng/mL 
(range from 9-93), which was not lower than WB 
donors. It was shown that the DDRC collection was  
as safe as WB donations.
 Among five DDRC donors who had IRD,   
two donors had IRD throughout the study, one donor 
had IRD after the second donations and the other two 
donors had IRD after the first donation but turn to have 
normal SFL after the second donation. Three donors 
had IRD prior to the first collection. They were regular 
WB donors for over 10 years (4 times/year), which 
corresponded to the data reported by Tardtong et al  
that IRD occurred gradually with the increased         
number of donation(21).
 Even though there was no significant 
difference in terms of willingness to return to donate 
on the same BCS, the donors would like to donate 



94 J Med Assoc Thai  Vol. 99  No. 1  2016

DDRC by Alyx™ more than MCS®+ because of  
shorter DT. However, 6% of donors would not want to 
donate by Alyx™ because of the high noise emission 
from the instrument and discomfort during the draw 
and return phase due to variations in blood flow. At the 
end of the study, five donors did not come back to 
donate DDRC again. Two donors became WB donors 
at their nearby hospitals, the other two donors did not 
like the longer DI and the last one got sick and stopped 
donating blood.
 According to transfusion guideline, a dose of 
one unit of RBC will increase the Hct by approximately 
3% or Hb by 1 g/dL(22,23). We found that all of the 
thalassemic patients had post-transfusion Hct levels 
increased significantly. Ten patients (4 patients with 
splenectomy and 6 patients without splenectomy) had 
post-transfusion Hct level increased less than 6%  
which was less than the predicted Hct increment after 
receiving DDRC. This might be explained by the 
variation of laboratory tests because some patients 
(5/10) had 24-hour post-transfusion samples collected 
and tested at their nearby hospitals. The other                      
five patients whose samples were collected in our 
hospital might have their individual unexplained 
problems that affected post-transfusion Hct levels.
 It was observed in our study that there was 
no significant difference of Hct increment in patients 
who received DDRC either from the same or different 
donors and in patients who received DDRC from 
different BCS. Therefore, there was no significant 
difference for the clinical effectiveness of DDRC        
from both BCS.
 No acute and delayed type of transfusion 
reaction was observed after DDRC transfusion in                
the present study. However, the sample size of the 
patients was rather small. It was reported by previous 
studies(2,7,12,24) that the benefits of transfusing DDRC  
to the same recipients were reduction of allogeneic 
exposure (infectious agents and RBC antigens) and 
immunomodulatory effects. In addition, the expected 
outcome of DDRC transfusion should be better than 
WB derived RBC because of more predictable increase 
of Hb or Hct due to the defined amount of RBC in 
DDRC and less collection injury from anticoagulant 
by apheresis.
 Currently, DDRC collection may not be 
suitable to replace WB derived RBC as routine collections 
because the technology still need experienced operators 
and some donors are reluctant to spend longer CT for 
DDRC collections. However, DDRC collections should 
be implemented for collecting RBC from donors who 

have rare blood groups or group O. Maximization of 
resources are needed so that the shortage of RBC will 
not occur, especially in the country like Thailand, 
which thalassemic patients with multiple antibodies 
need regular and long-term blood transfusion.

Conclusion
 Blood shortages have occurred continuously 
because of expanding demand of blood utilization and 
more difficulties in donor recruitment and retention. 
The DDRC collections are one of the effective ways 
to maximize resources.
 It was observed that BCS, Alyx™, and MCS®+, 
were capable of safely and efficiently collecting 
DDRC. The Alyx™ was faster for collecting and 
filtrating RBC and had better CE. All DDRC from       
BCS and met all the standards required by AABB and 
FDA, which were Hb content, Hct, and residual WBC. 
The Alyx™ processed less WB volume but provided 
DDRC with higher RBC yield, Hb content, and RBC 
volume than that of MCS®+. However, the MCS®+ 
DDRC products were washed RBC which could  
reduce the risk of plasma associated TR in patients.
 No serious donor reaction was observed       
from BCS. None of the donors had Hb and Hct below 
the AABB standard after donations. Serum ferritin 
reduction and iron depletion found in DDRC donors 
were not different from WB donors. All donors were 
satisfied with collection processes and would like to 
donate again. There was no evidence of acute and 
delayed TR in patients. Even though the production 
cost of DDRC was slightly higher than that of WB 
derived filtered RBC, the DDRC were better in terms 
of quality, risk reduction for infectious agents and RBC 
alloimmunization. The DDRC by apheresis is unlikely 
to replace WB donations for routine blood collection, 
but it can be helpful for blood center and hospital blood 
bank to optimize RBC collection for sufficient blood 
supply, especially on production of two units of RBC 
for special purposes such as group O, Rh D negative and 
phenotyped RBC in patients with multiple antibodies.

What is already known on this topic?
 The previous studies focused on comparing 
the performance of the BCS for DDRC collection and 
DDRC quality that were able to perform safely and 
efficiently collecting the high quality DDRC.

What this study adds?
 In addition to evaluating the performance of 
the BCS for DDRC collection and the DDRC quality, 
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this studies also evaluated the donor safety by focusing 
on the serum ferritin levels and the clinical effectiveness 
by the Hct increment.

Potential conflicts of interest
 None.

References
1. Popovsky MA. Multicomponent apheresis blood 

collection in the United States: current status and 
future directions. Transfus Apher Sci 2005; 32: 
299-304.

2. Valbonesi M, Giannini G, Morelli F, Frisoni R, 
Capra C. Multicomponent collection as of 2005. 
Transfus Apher Sci 2005; 32: 287-97.

3. Picker SM, Radojska SM, Gathof BS. Prospective 
evaluation of double RBC collection using three 
different apheresis systems. Transfus Apher Sci 
2006; 35: 197-205.

4. Gilcher RO, McCombs S. Seasonal blood 
shortages can be eliminated. Curr Opin Hematol 
2005; 12: 503-8.

5. Wasri P. Thalassemia [Internet]. National Institute 
of Health, Department of Medical Science, 
Ministry of Public Health; 2012 [cited 2012 Oct 
10]. Available from: http://webdb.dmsc.moph.
go.th/ifc_nih/a_nih_1_001c.asp?info_id = 403

6. Elfath MD, Whitley P, Jacobson MS, Cranfill-
Hupp K, Kemp DM, McNeil D, et al. Evaluation 
of an automated system for the collection of 
packed RBCs, platelets, and plasma. Transfusion 
2000; 40: 1214-22.

7. Moog R. Implementation of concurrent red blood 
cell and platelet collection by apheresis in a 
university haemapheresis unit. Transfus Med 
2004; 14: 145-50.

8. Gilcher RO. It’s time to end RBC shortages. 
Transfusion 2003; 43: 1658-60.

9. Smith JW. Automated donations: plasma, red cells 
and multicomponent donor procedures. In: 
McLeod BC, Price TH, Weinstein R, editors. 
Apheresis: principles and practice. 2nd ed. 
Bethesda, MD: AABB Press; 2003: 143-57.

10. Mozaheb Z, Khayami M, Sayadpoor D. Iron 
Balance in Regular Blood Donors. Transfus Med 
Hemother 2011; 38: 190-4.

11. Radojska SM, Picker SM, Gathof BS. Comparison 
of in vitro characteristics of leukodepleted            
red blood cells (RBCs) derived from apheresis: 
impact of filter performance. Transfus Med 

Hemother 2006; 33: 459-65.
12. Shi PA, Ness PM. Two-unit red cell apheresis and 

its potential advantages over traditional whole-
blood donation. Transfusion 1999; 39: 218-25.

13. Moog R. Collection of red blood cell units by 
apheresis. Transfus Apher Sci 2013; 48: 141-3.

14. Snyder EL, Elfath MD, Taylor H, Rugg N, 
Greenwalt TJ, Baril L, et al. Collection of two units 
of leukoreduced RBCs from a single donation with 
a portable multiple-component collection system. 
Transfusion 2003; 43: 1695-705.

15. Popovsky MA. Safety of RBC apheresis and whole 
blood donation in allogeneic and autologous blood 
donors. Transfus Apher Sci 2006; 34: 205-11.

16. Kamel H, James R, Bravo M, Tomasulo P,        
Custer B. Adverse reactions in whole blood and 
automated 2-unit red cell donations among 2RBC-
eligible allogeneic male donors: multivariate 
analysis [abstract]. Vox Sang 2009; 96 (Suppl 1): 
140-1.

17. Fridey J. Guidelines and standards for blood       
banks and transfusion services. 24th ed. Bethesda, 
MD: AABB Press; 2005.

18. Bianco C, Brittenham G, Gilcher RO, Gordeuk 
VR, Kushner JP, Sayers M, et al. Maintaining iron 
balance in women blood donors of childbearing 
age: summary of a workshop. Transfusion 2002; 
42: 798-805.

19. World Health Organization. Serum ferritin 
concentrations for the assessment of iron status 
and iron deficiency in populations [Internet].      
2011 [cited 2012 Sep 30]. Available from http://
www.who.int/vmnis/indicators/serum_ferritin.pdf

20. Smith JW, Gilcher RO. The future of automated 
red blood cell collection. Transfus Apher Sci 2006; 
34: 219-26.

21. Tardtong P, Sthabunswadigarn S, Atamasirikul 
K,Chaunsumrit A, Suwannuruk R. Iron stores in  
Thai blood donors. J Med Assoc Thai 2000; 83 
(Suppl 1): S146-51.

22. Högler W, Mayer W, Messmer C, Eibl G, 
Innerhofer P, Schonitzer D, et al. Prolonged iron 
depletion after allogeneic 2-unit RBC apheresis. 
Transfusion 2001; 41: 602-5.

23. Valeri CR, Ragno G, Srey R. Restoration of red 
blood cell volume following 2-unit red blood cell 
apheresis. Vox Sang 2003; 85: 85-7.

24. Popovsky MA. Safety of 2-RBC donation: donor 
and recipient considerations. Transfus Apher Sci 
2006; 35: 3-4.



96 J Med Assoc Thai  Vol. 99  No. 1  2016

การเปรียบเทียบการเก็บ double RBC โดยเคร่ืองแยกเม็ดโลหิตอัตโนมัติ

พิมพรรณ กิจพอคา, ศราวัลย จันทรเทศ, วิโรจน จงกลวัฒนา, อําไพวรรณ จวนสัมฤทธิ์, มงคล คุณากร

ภูมิหลัง: ปญหาการขาดแคลนโลหิตมีแนวโนมจะเพ่ิมขึ้นจากการรักษาโรคท่ีใชโลหิตมากขึ้น และเกณฑการคัดเลือกผูบริจาคโลหิต
ที่เขมงวดมากขึ้น ทําใหโอกาสไดผูบริจาคโลหิตเพ่ิมข้ึนมีไมมาก การใชประโยชนสูงสุดจากทรัพยากรท่ีมีอยูโดยใชเทคโนโลยีลาสุด
เพือ่เกบ็เมด็โลหติแดงคร้ังละ 2 ถงุ จากผูบรจิาคโลหติคนเดียวในการบริจาคครัง้เดียว อาจจะเปนวธิทีีท่าํใหสามารถไดโลหติท่ีมากขึน้
และเพียงพอ
วตัถุประสงค: เพือ่ประเมนิการทาํงานของเครือ่งแยกเมด็โลหติแดงอตัโนมตั ิ2 ชนดิ ทีม่ีใชอยูในปจจบุนั โดยประเมนิประสทิธิภาพ
ในการเกบ็ตนทนุในการทาํคณุภาพของเมด็โลหติแดงทีเ่ก็บได ศกึษาความพงึพอใจของผูบรจิาคตอเครือ่ง ความปลอดภยัของผูบรจิาค 
และผลการศึกษาจากการใหโลหิตแกผูปวย
วัสดุและวิธีการ: ผูบริจาคโลหิตในการศึกษาครั้งนี้ ถูกคัดเลือกจากผูบริจาคผูชายจํานวน 31 คน ที่บริจาค whole blood เปน
ประจําที่คลังเลือด ภาควิชาพยาธิวิทยา คณะแพทยศาสตรโรงพยาบาลรามาธิบดี มหาวิทยาลัยมหิดล ผูบริจาคแตละคนบริจาค     
เม็ดโลหิตแดง 2 ถุง โดยเคร่ืองแยกเม็ดโลหิตอัตโนมัติ 2 เครื่อง ไดแก เครื่อง Alyx™ (Fresenius Kabi, NC, USA) และ 
MCS®+ (Haemonetics Corporation, Scotland) โดยระยะหางของการบริจาคครัง้ที ่1 และ 2 ในผูบรจิาคคนเดียวกนัไมนอยกวา 
16 สัปดาห จํานวนเม็ดโลหิตแดงที่เก็บแตละครั้งคือ 360 มิลลิลิตร (180 มิลลิลิตร x 2 ยูนิต) เม็ดโลหิตแดงท่ีเก็บไดไดรับการ
ตรวจคุณภาพทุกถุง ผูบริจาคทุกคนไดรับการตรวจเลือดเพื่อความปลอดภัยโดยหาคาทางโลหิตวิทยากอนและหลังบริจาคทุกครั้ง 
หากมีปฏิกิริยาตอการรับบริจาคโลหิตจะถูกบันทึกไว ความพึงพอใจตอการบริจาคแตละครั้งถูกประเมินโดยผูบริจาคดวยการตอบ
แบบสอบถามหลังการบริจาค เม็ดโลหิตแดงจํานวน 86 ถุง ที่เก็บไดถูกนําไปใหแกผูปวย 33 คน หากมีปฏิกิริยาจากการรับโลหิต
จะถกูบนัทกึไว ผูปวยถกูเจาะเลอืดกอนและหลงัไดรบัโลหติ 24 ชัว่โมง เพือ่หาคาฮมีาโทครติ สาํหรบัประเมนิ clinical effectiveness 
ของเม็ดโลหิตแดงที่เก็บได
ผลการศึกษา: พบวา Alyx™ ใชเวลาในการเก็บและกรองเม็ดโลหติแดงนอยกวา MCS®+ อยางมนียัสาํคญั (p<0.001) นอกจากนี้ 
Alyx™ ยังมีประสิทธิภาพในการเก็บแยกดีกวา MCS®+ อยางมีนัยสําคัญ (p<0.001) เม็ดโลหิตแดงท่ีเก็บไดทุกถุงมีคุณภาพตาม
มาตรฐานของ American Association of Blood Bank (AABB) และ Food and Drug Administration (FDA) ไดแก 
ปริมาณฮีโมโกลบินมากกวา 42.5 กรัม ปริมาตรของเม็ดโลหิตแดง 50-70% และปริมาณเม็ดโลหิตขาวปนเปอนนอยกวา 5x106 ตัว 
ถึงแมวา Alyx™ จะใชปริมาณโลหิตหมุนเวียนในการเก็บเม็ดโลหิตแดงนอยกวา (p<0.001) แตเม็ดโลหิตแดงท่ีเก็บโดย Alyx™ 
มีปริมาณฮีโมโกลบิน ปริมาตรของเม็ดโลหิตแดง และปริมาณของเม็ดโลหิตแดงมากกวา MCS®+ อยางมีนัยสําคัญ (p<0.001) 
อยางไรก็ตาม MCS®+ มขีอดกีวาทีเ่มด็โลหิตแดงท่ีเกบ็ไดเปน washed RBC จงึลดความเส่ียงในการเกิดปฏิกริยิาจากการรับโลหิต 
ไมพบมีปฏิกิริยารุนแรงเกิดขึ้นจากการบริจาคไมวาจะใชเครื่องใด และผลการตรวจเลือดหลังการบริจาคพบวา ไมวาจะใชเครื่องใด
ไมมีผูบริจาคคนใดท่ีมีคาของฮีมาโทคริตนอยกวา 30% และปริมาณฮีโมโกลบินนอยกวา 10 g/dL ซึ่งเปนไปตามมาตรฐานของ 
AABB นอกจากนี้พบวาการลดลงของคา serum ferritin และการเกิด iron depletion ในผูบริจาคเม็ดโลหิตแดง 2 ถุง ไมมี
ความแตกตางจากผูที่บริจาค whole blood ผูบริจาคทุกคนพอใจในการบริจาคเม็ดโลหิตแดง 2 ถุง และตองการกลับมาบริจาคอีก 
พบวา 69.70% ของผูปวยหลังจากรับเม็ดโลหิตแดงมีปริมาณของฮีมาโตคริตเพิ่มขึ้นอยางมีนัยสําคัญ และไมมีผูปวยท่ีเกิดปฏิกิริยา
จากการรับโลหิตทั้งแบบเฉียบพลันและไมเฉียบพลัน
สรุป: ผลการศึกษาครั้งนี้พบวาการบริจาคเม็ดโลหิตแดง 2 ถุง โดยวิธี Apheresis โดยใชเครื่อง Alyx™ และ MCS®+ สามารถ
ทาํไดอยางปลอดภยัและไดเมด็โลหติแดงทีม่คีณุภาพตามมาตรฐานสากล AABB และ FDA ผูบรจิาคมคีวามปลอดภยัระหวางบรจิาค
และผูปวยมคีวามปลอดภยัและไดรบัผลดจีากการรกัษาหลงัไดรบัเมด็โลหติแดง ถงึแมวาตนทนุการผลติโดยวธินีีจ้ะแพงกวาการเกบ็
เม็ดโลหิตแดงโดยบริจาคเปน whole blood แตก็คุมกับตนทุนท่ีสูงขึ้นไมมาก เนื่องจากไดเม็ดโลหิตแดง 2 ถุง ที่มีคุณภาพท่ีดีกวา 
ลดความเสี่ยงตอการติดโรค และ alloimmunization การบริจาคเม็ดโลหิตแดง 2 ถุง โดยวิธีนี้มีประโยชนเนื่องจากสามารถเก็บ
เม็ดโลหิตแดงไดมากข้ึน 2 เทา จากผูบริจาคที่มีหมูโลหิต O และหมูโลหิตหายาก เชน Rh D negative


