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CHAPTER 2

ABSTRACT

Background and Objectives

Semi-automatic separation devices can be used for the separation of centrifuged whole 

blood into leukoreduced red cell concentrate (LR-RCC), plasma and buffy coat (BC) and 

to make platelet concentrates (PC) from pooled BCs. To improve and to obtain a more 

uniform and standardized process, the CompoMat G5 (Fresenius) was implemented, a new 

generation semi-automated device.

Materials and Methods

Uniform programs for WB separation and preparation of PCs were validated, using collection 

and pooling systems with CompoFlow (CF) closures, which can be automatically opened by 

the G5. Cell counts were performed and compared with historic data of blood components 

obtained with the formerly-used Compomat G4 and Optipress II. After implementation, 

different adjustments were made to improve product quality.

Results

LR-RCCs (280±15 mL, 53±5 g hemoglobin) and plasma (317±16 mL) met European guide-

lines. BCs (48±2 mL, 0.42±0.05 L/L, 93±25x109 platelets) contained a similar platelet (PLT) 

content as BC prepared before with the Compomat G4. A relatively high percentage (4-6%) 

of PCs (330±17 mL, 330±50x109 PLT, 0.12±0.21x106 leukocytes) contained <250x109 PLT 

which was the subject of improvement studies. After implementation, RCC and BC discard 

decreased and workload was less. Operator complaints were also less frequent.

Conclusion

The same high quality blood components can be prepared by using the CompoMat G5 as 

previously with other semi-automated devices. Improvement was realized by automation of 

the opening process by use of collection systems with CF closures, which led to a decrease 

of discarded units and workload.
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INTRODUCTION

Processing of whole blood (WB) into the different components plasma, red cell concentrate 

(RCC), buffy coat (BC) and subsequent preparation of BC-derived platelet concentrates 

(PC) can be done in several ways, varying from a process with many manual steps after 

centrifugation to highly automated processes. The first semi-automated devices [1-3] and 

improved versions like the Compomat G4 [4] and the Optipress II [5] were developed in 

the eighties to standardize the component separation process, to allow bottom and top 

processing, and to improve the quality of blood components.

Ongoing automation resulted in the development of a new generation semi-automated 

devices, like the CompoMat G5 and the MacoPress Smart, resulting in further standardiza-

tion of processes. These devices are characterized by fully electronic operation and have 

the ability to automatically open the blood bag closures. Simultaneously, fully automated 

devices which combine centrifugation and expressing of components to satellite bags in 

one-step processes have also been developed in the past decade [6-9].

In the Netherlands, the four blood bank processing departments historically used dif-

ferent brands and types of centrifuges and various centrifugation programs for WB and BC 

pools. After centrifugation, WB units were separated into a (leukoreduced (LR)) RCC, BC and 

plasma using the Compomat G4 (Fresenius) or Optipress II (Fenwal). After centrifugation, 

BC pools were then separated into a PC and a residue using the Compomat G4 or plasma 

extractors.

One can imagine that all these differences affected not only the processing departments 

but also had an impact on other departments like purchasing, collection, Quality Assurance 

(QA) / Quality Control (QC), development and maintenance. As a first step to obtain a more 

uniform process in our country, the four processing departments were managerially merged 

to one department with different sites. This reorganization was followed by the stepwise 

introduction of one type of WB collection system, blood bag centrifuge, separator and BC 

pooling system.

After a European tender, the CompoMat G5 was chosen and implemented as our uniform 

separation device, leaving only small differences between the processing locations.

The basic working principle of G5 is the same as for G4 which has been described in 

detail by Van der Meer et al [4]. Briefly, two independently-moving presses express the various 

blood components to satellite bags. The main technical and conceptual improvements of G5 

compared to G4 are electric instead of pneumatic powered presses and automatic opening 

2
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of the breakaway cannulas. The G5 is not able to open standard breakaway closures, but can 

automatically open the so-called CompoFlow (CF) closures, also developed by Fresenius. 

Automatic opening of CF closures prevents repetitive strain injury and results in stable and 

reproducible apertures, thoroughly investigated by Serrano et al [10]. Other advantages of 

G5 compared to G4 are improved tube detection, alarms and alarm interventions.

We here describe implementation steps of the CompoMat G5 for separation of centri-

fuged WB and BC-pools with the aim of preparing blood components, LR-RCC, plasma and 

PC, in a more standardized way among different processing sites. Also, to assess whether G5 

products had a more consistent composition, a comparison was made of WB components 

prepared with CompoMat G5, Compomat G4 or Optipress II.

MATERIALS AND METHODS

CompoMat G5

The CompoMat G5 is controlled by a computer which can handle up to 100 CompoMats 

simultaneously using specific software (CompoMaster Net G5, version 3.00.13). A unit of 

centrifuged WB or a centrifuged BC-pool is hung in the device on pins. After scanning the unit 

barcode and the operator barcode, the separation program for this specific blood product 

(see below) is started. In case of CF closures, the G5 automatically opens these closures [10].

Implementation procedure

The implementation procedure of the CompoMat G5 was divided in the following steps: 1) 

Qualification of the machine 2) Pre-validation study 3) Validation of the final program and 

release 4) Implementation and routine production.

At first 3 G5 devices were installed and qualified for use. Initial programs, based on earlier 

Compomat G4 programs [4] for separation of WB and BC-pool were calibrated. The program 

for WB was adjusted to obtain a BC of 50 mL and 42% hematocrit on average. Throughout 

the whole implementation procedure, the basic features of the program (see below) did not 

change. However small variations in the program were investigated or introduced.

During pre-validation studies, small variations in program settings were investigated to 

optimize separation time and to gain knowledge about the possibilities of fine-tuning the 

program. Also a comparative study with the Compomat G4 was done.

Final programs were validated using these 3 devices with 40 units of WB per G5 followed 

by preparation of 8 PCs made from 5 BC and 1 plasma. LR-RCCs and LR-PCs were evaluated 
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for composition and storage parameters, plasma only for composition. Validation results 

had to meet European guidelines [11] and the quality had to be at least comparable to QC 

results of components acquired with Compomat G4 (whole of 2008 and more recently the 

third quarter of 2010).

After acceptance of the validation results by QA, a total of 20 G5 devices was installed, 

qualified and released for routine production at the first production location. Six to ten 

months after this first implementation, the other three production locations switched from 

using the Compomat G4 or Optipress II to the CompoMat G5.

Whole blood separation

Whole blood (500 mL) was collected in Fresenius (T3941 with breakaway closure or C3941 

with CF closure) quadruple top-and-bottom systems with an in-line leukoreduction filter 

(Fresenius, Emmer-Compascuum, Netherlands) and with 70 mL citrate-phosphate-dextrose 

(CPD) as anti-coagulant. Because part of the donation was used for patient care after sterile 

sampling (i.e. LR-RCCs and plasmas), the consent obtained on the donor questionnaire 

sufficed, stipulating that part of their blood may be used for research to improve blood 

component quality. All WB was cooled to room temperature within 2 h using butane-1,4-diol 

plates (Compocool, Fresenius) and kept at room temperature for 10-20 h. All WB used for 

qualification, (pre)validation and QC was held overnight.

As recommended by the manufacturer, to prevent by-pass leakage in CF bag systems, 

the collection systems were folded in such a way that all CF closures were put upright 

during centrifugation. After a two-step (slow start 9; 1,327 g up to Accumulated Centrifugal 

Effect (ACE) = 1.35x107; 5,046 g up to ACE = 5.05x107; slow stop 3) or one-step (maximum 

acceleration; 4,790 g up to ACE = 9.00x107; slow stop 3) centrifugation run (Sorvall RC3-BP 

or RC-12BP(+), Thermo Fisher Scientific, Asheville, NC, USA) units were separated using 

CompoMat G5 into RCC, BC and plasma.

The WB program, as currently used for all devices, is given in supplemented Table S1. It 

is characterized by a first phase (step 1-10) of start up and pressurizing the containers with 

WB and saline-adenine-glucose-mannitol (SAGM); a second phase (step 11-16) of expressing 

the plasma until detection of the plasma-cell interface by detector A4 and definition of the 

BC between the slide and head 1; a third phase (step 17-22) in which the lower press is 

completely extended to express all red cells below the slide and SAGM to the RCC container; 

and a fourth phase (step 23-27) to finish up and seal the tubing. Subsequently, the RCC is 

gently mixed with the SAGM and filtered by gravity to produce a LR-RCC.

2
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At one production site, a comparison was made of the number of discarded components 

due to operation errors during periods of 1 year before (Oct. 2009 to Sept. 2010) and after 

(Jan. to Dec. 2011) implementation of the G5.

Further, a retrospective comparison was made of WB components prepared with 

Compomat G4 or Optipress II versus components prepared with CompoMat G5. For this 

purpose the first 1000 QC data of 2010 and 2012 were extracted from the QC files of two 

production sites which changed from G4 (and two-step centrifugation run) to G5 or from 

Optipress II to G5 respectively.

Platelet concentrates

BC pooling sets were also subject to standardization to obtain a more uniform process 

at the different locations. During pre-validation studies three kinds of pooling sets were 

compared (Fresenius T3961, Fenwal R7039 and Terumo TF*FP06010M1) to investigate 

separation time, leukoreduction level and platelet yield at different press speeds (0.5-7%). 

The press speed was varied because optimal flow speed for efficient leukocyte reduction 

was different for the various filters.

Validation was finally performed with the Fresenius C5000 pooling set (soft housed 

filter and CF closure), which after a tender process was selected as single system to be 

used. Validation of the C5000 pooling system was performed at the 4 production locations 

by preparation of 25 PCs at each site. As recommended by the manufacturer, the filter of 

the C5000 set was placed in the filter holder to guarantee an upright flow of the platelet 

suspension through the filter to ensure efficient wetting and adequate leukoreduction.

PCs were prepared by pooling 5 BCs from overnight held WB and 1 unit of plasma. 

BC-pools were centrifuged at 1,250 g, 4 min 30 s, maximum acceleration, slow stop 3, purple 

buckets (Sorvall RC12BP(+)) and separated by the CompoMat G5 into PC and a residue.

The current G5 separation program for PCs in plasma is also given in supplemented 

Table S1. It consists of a first phase (step 1-5) of start up and pressurizing the BC-pool, 

a second phase (step 6-12) of expressing the platelet rich plasma through the filter to the 

storage container and a very short third phase (step 13-14) to seal the tubing.

In vitro measurements

To determine cell numbers, units were weighed and samples (<5 mL) were taken from 

BC-pools and components by welding a sample pouch to the bag. BC not used for PC 

production were sampled after cutting the tubing. To check removal of leukocytes and 
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platelets by subsequent removal of the BC and filtration, RCCs were sampled before and 

after filtration.

Cell counts were performed using a Sysmex XT2000i (TOA, Tokyo, Japan). Low level 

leukocytes were counted with the LeucoCount kit (ref 340523, BD Biosciences, San Jose, 

CA, USA) on the FACSCalibur or with Flow Count (ref 7547053, Beckman Coulter, Miami, 

FL, USA) on the Cytomics FC 500. Contamination of plasma and PC by red cells was not 

quantified and only visually assessed by looking at possible red color changes.

LR-RCCs for validation were sampled and analyzed during 42 days of storage as 

described elsewhere [9], with emphasis on extent of hemolysis and ATP content.

PCs for validation were, during 7-day storage, additionally judged for swirling effect on 

a scale of 0 to 3. After sampling with a sample-site coupler and syringe, analysis for pH at 

37°C (ABL705, Radiometer, Copenhagen, Denmark) was performed.

Statistical analysis

Comparison of components prepared during pre-validation and with the one- or two-step 

centrifugation runs was performed with an unpaired t-test in Microsoft Excel. Differences 

between components prepared with Compomat G4, Optipress II and CompoMat G5 at 

the two processing locations were analysed with a Kruskal-Wallis test, followed by Dunn’s 

multiple comparison test, because all data were more or less skewed (GraphPad Instat 

version 3.06, San Diego, CA, USA). A p<0.05 was used to indicate a statistically significant 

difference.

RESULTS

Whole blood separation

Qualification of the three G5 devices and calibration of the initial WB program showed the 

ability to obtain a BC with the desired volume (50 mL) and hematocrit (42%). Investigation 

of small variations in WB program settings during the pre-validation study resulted in 

the following observations: a) Volume and composition of the components are not very 

sensitive to ‘Position upper press’. A change in setting of at least 0.2 mm was needed to 

gain a small but significantly higher or lower BC volume. BC volume varied approximately 

7.5 mL per mm extension of the upper press. b) In contrast, volume and composition of 

the components were very sensitive to the detection level for the plasma-cell interface. 

Changing to one detector higher (A5) or lower (A3) resulted in a different BC hematocrit, 

2
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approximately 0.05 L/L per sensor step, and corresponding changes in volume of plasma 

and RCC. c) Composition and quality of components, especially hemolysis in LR-RCCs, are 

not sensitive to the speed of the lower press. This allows maximum speed to limit separation 

time. d) In first instance, using only 1 prototype CompoMat G5, 15 or 20 seconds in the step 

‘lower press out time’ was enough for fully expressing the red cells. However, using more 

devices, small differences were seen in this step. Therefore, in the validated final program it 

was set to 26 sec to minimize variation in BC volume and hematocrit produced by different 

G5 devices. After the pre-validation study, a G5 program was tested with n = 5 WB which 

resulted in similar components as prepared with the Compomat G4 (n = 10). The RCC 

(before filtration) produced with G5 contained the same amount of leukocytes (0.97±0.17x109 

vs. 1.04±0.43x109, n = 10) and slightly but significant more platelets (7±3x109 vs. 5±2x109, 

p<0.05) as the Compomat G4. Plasma had a volume 308±17 mL and contained the same 

amount of platelets (8±4x109) as the Compomat G4 (data not shown). BC had a significant 

higher volume (51±2 vs. 48±1 mL, p<0.001), the same hematocrit (0.40±0.02 vs. 0.39±0.02 

L/L) and platelet content (106±17x109 vs. 120±24x109) but showed lower platelet recovery 

(87±3 vs. 91±2%, p<0.01) as the Compomat G4. Separation times of the G5 program were 

2:44±0:14 min:sec. The BCs were suitable to prepare PCs, as discussed below.

Validation results of LR-RCC met Dutch guidelines for >99% (data not shown) and storage 

parameters of LR-RCC fulfilled requirements for hemolysis (0.20 ± 0.03%) and ATP content 

(3.9 ± 0.4 µmol/g Hb) at Day 35. Plasma units had sufficient volume and low leukocyte levels 

(100 and 98% fulfillment, respectively) but a relative high number of the units (6%) contained 

platelet counts >50x109/L (data not shown).

In routine, QC data confirmed that the number of plasma units with a high level of 

contamination with platelets (>50x109/L) was increased, compared to the Compomat G4s 

before, on average 7 versus 2%. Although the number of plasma units which fulfilled the 

requirement was above the limit of 90%, this was considered an undesirable situation. 

Changing the order or speed of the presses did not reduce the number of plasma units 

with too many platelets. The ‘problem’ was solved by changing from the two-step to the 

one-step centrifugation run, the latter characterized by a higher accumulated centrifugal 

effect. Results of a full comparison with n = 16 WB are shown in Table 1. Using the one-step 

run, PLT counts in plasma were significantly lower, but higher in the RCC before filtration. PLT 

numbers in the BC were comparable. QC data of 2012 of products from all 80 CompoMat 

G5 devices in use showed similar results (Table 1).
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Table 1: Composition of whole blood and components prepared with CompoMat G5 after two-step or one-step 
hard spin (mean ± SD).

Requirement or
target value

2-step spin

1 G5
n = 16 WB

1-step spin

1 G5
n = 16 WB

1-step spin
QC data 2012

80 G5
 n = 8597 WB

Whole blood
Volume, mL
Red cell concentrate
Volume, mL
Hematocrit, L/L
Leukocytes, x109

Platelets, x109/L
Leukoreduced RCC
Volume, mL
Hematocrit, L/L
Hemoglobin, g
Leukocytes, x106

Platelets, x109/L
Buffy coat
Volume, mL
Hematocrit, L/L
Platelets, x109

Plasma
Volume, mL
Leukocytes, x106/L
Platelets, x109/L

520-620

>245
0.50-0.65

> 40
< 1.0
< 50

44-56
0.38-0.46

> 60

> 225
< 100
< 50

561

304
0.63
0.99

26

271
0.56

52
0.15

7

49
0.44
100

322
9

25

±

±
±
±
±

±
±
±
±
±

±
±
±

±
±
±

3

18
0.01
0.57
12

14
0.01
4
0.12
2

1
0.05
16

17
6
11

563

306
0.63
1.66

44

272
0.57

52
0.09

7

50
0.41

96

320
4
8

±

±
±
±
±

±
±
±
±
±

±
±
±

±
±
±

2

16
0.02
0.56a

20a

16
0.02
5
0.10
2

1b

0.03b

13

16
7
3c

NA

NA
NA
NA
NA

280
0.56

53
0.04

5

48
0.42

93

317
<50

11

±
±
±
±
±

±
±
±

±

±

15
0.02
5
0.12
2

2
0.05
25

16

5

NA = not available; a p<0.01; b p<0.05; c p<0.001

Comparison of discarded components due to operation errors in the year before and 

after implementation resulted in a decrease of discarded RCC (0.58 vs. 0.28%; 771 vs. 365 

units for production site 1) and BC (0.37 vs. 0.16%; 503 vs. 207 units for production site 

1) and a slight increase in the discard rate of plasma (0.12 vs. 0.18%; 156 vs. 234 units for 

production site 1), the latter not related to G5 operation (see Discussion).

QC data obtained from the two processing locations which used Compomat G4 or 

Optipress II in 2010 and G5 in 2012 are shown in Table 2. LR-RCCs prepared with Optipress 

had a slightly lower volume and BC had higher volume, hematocrit and PLT content than 

the corresponding components prepared with G4 or G5. BCs prepared with the G5 had the 

lowest volume and contained fewer PLTs than BC prepared with G4 or Optipress. Other 

differences between the groups were very small.

2
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Table 2: Composition of whole blood components prepared with Compomat G4 (2010) after two-step hard spin 
or with Optipress II (2010) or CompoMat G5 (2012) after one-step hard spin in two production sites (mean ± SD, 
(CV), n = 1000).

Production site
Separation device

1
20 Compomat G4

2
23 Optipress II

1 and 2
40 CompoMat G5

Leukoreduced RCC
Volume, mL
Hematocrit, L/L
Hemoglobin, g
Leukocytes, x106

Platelets, x109/L
Buffy coat
Volume, mL
Hematocrit, L/L
Platelets, x109

Plasma
Volume, mL
Leukocytes, x106/L
Platelets, x109/L

281
0.57

52
0.10

5

50
0.40

95

316
13
17

±
±
±
±
±

±
±
±

±
±
±

16b (5.8)
0.02bc (3.2)
5a (9.6)
0.14bc (137)
2b (36)

3bc (5.4)
0.04b (10.2)
26bc (28)

16 (4.9)
13b (98)
9bc (56)

275
0.57

51
0.07

5

56
0.50
102

317
7

10

±
±
±
±
±

±
±
±

±
±
±

15bd (5.4)
0.02bd (3.1)
5ad (9.3)
0.12bd (161)
2bd (37)

2bd (3.2)
0.03bd (5.3)
24bd (24)

16 (5.2)
11bd (168)
4bd (46)

280
0.56

52
0.06

5

48
0.41

91

316
12
11

±
±
±
±
±

±
±
±

±
±
±

15d (5.4)
0.03cd (4.5)
5d (10.0)
0.12cd (208)
2d (37)

2cd (3.6)
0.04d (11.0)
23cd (25)

16 (4.9)
17d (131)
5cd (48)

ab Site 1, G4 vs. Site 2, Optipress II p<0.01, <0.001;
c Site 1, G4 vs. Site 1+2, G5 p<0.001;
d Site 2, Optipress II vs. Site 1+2, G5 p<0.001

An overview of items we had to deal with during the implementation process and after-

wards, is given in Table 3. Among very practical things like using the right cleaning solution 

for the door (that are made from poly (methyl methacrylate)) there were items which had 

to be solved by the manufacturer, like software imperfections, and items specific for our 

chosen process conditions.

Table 3: Overview of problems or challenges and (possible) solutions during implementation and routine use of 
CompoMat G5

Problem or challenge Solution

1

2

3
4
5

6

7

Inter – G5 variation in BC volume

PLT concentration in plasma too high

Cracks in doors due to cleaning with alcohol
WB program freezes; mostly just before the end (step 27)
Delay of cell-plasma interface detection resulting in too 
much red cells in plasma
Increase plasma yield from BC not used for production 
of PC
Increase average PLT yield in buffy coats

Expression time in program step 20 increased to 
26 sec; validated and implemented
Change to one-step centrifugation run; validated 
and implemented
Cleaning solution Frekanol; in use
Software update; implemented

Software update on R&D machine; in test phase
Development of special WB program

Expression time in program step 20 decreased to 
6 sec; in test phase
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Platelet concentrates

Pre-validation studies with the three different pooling sets showed the ability to design 

robust processes on the CompoMat G5 using pooling sets from different manufacturers. 

With the Fresenius set with soft housed filter and CF closure (C5000) that is currently in use, 

processing times of 5:10±0:24 m:s (n = 359) were realized. Nation wide validation results of 

the C5000 system are given in Table 4. PCs fulfilled requirements for volume, leukoreduction 

(and contamination with red cells) for 100% and for platelet numbers for 98% of the units. 

Storage parameters of LR-PCs (C5000) fulfilled requirements for pH37°C (6.9-7.1) and visible 

swirling effect up to Day 7 (data not shown).

QC data of PCs prepared in 2012 are also given in Table 4. PCs fulfilled requirements for 

volume and leukoreduction for more than 99% and for platelets for more than 94% of the 

units. A relatively high percentage of PCs contained < 250x109 platelets (4.2%). As mentioned 

in Table 3, this item is subject for ongoing improvement studies.

Table 4: Volumes and cell counts of leukoreduced platelet concentrates prepared from five buffy coats and one unit 
of plasma in C5000 pooling system shown as mean ± SD.

Requirement Validation
N = 100

QC data 2012
N = 44,446

Volume, mL
Platelets, x109/mL
Platelets, x109

Leukocytes, x106

250-400
0.8 – 1.6

> 250
< 1.0

339
1.0

343
0.04

±
±
±
±

25
0.2
51
0.08

330
1.0

330
0.12

±
±
±
±

17
0.2
50
0.21*

* n = 751

DISCUSSION

In this article, blood component preparation using the CompoMat G5 is described, with blood 

collection or pooling sets with CF closures. The G5 can be used for all kinds of Top & Top 

and Top & Bottom collection or pooling systems with standard breakaway closures or CF 

closures. Combination of G5 and bag systems with CF closures has brought us maximum 

benefits such as fewer complaints from operators about repetitive strain injury or skin 

reactions to the intense contact with plastic (although the frequency of these complaints 

has not been measured), standardization of the opening process leading to less rejection and 

discard of RCCs and BC and decrease of workload for the processing and QC departments, 

as explained below.

2
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Robust programs for separation of WB and BC-pools were developed leading to the same 

high- quality of LR-RCCs, cell free plasma and PCs as prepared before by using Compomat 

G4 or Optipress II. With the WB program a BC of 48±2 mL and hematocrit 0.42±0.05 L/L was 

obtained using 80 G5 devices. Variations in BC volume were comparable with those obtained 

with Compomat G4 and Optipress II but variations in hematocrit were, in comparison with 

Optipress II, somewhat larger than before. Decreasing variation of hematocrit of the BC is 

of interest for minimizing loss of red cells and variation in the composition of BC pools and 

thereby optimizing composition of PC. To decrease variations in hematocrit, a software 

update that increases the sensitivity of the A detectors and results in a more accurate 

detection of the cell plasma interface, is currently being examined. Composition of LR-RCCs 

and plasma showed significant differences in many parameters which were small and of 

no practical relevance. Compared to Optipress II, LR-RCCs prepared with G4 and G5 had 

slightly higher volume due to the lower volume and hematocrit of the BC. Because SDs 

and CVs of all groups (with large numbers) were in the same order of magnitude it can be 

concluded that the variation visible in LR-RCCs and plasma reflect mainly donor variation. 

Summarizing, standardizing the WB separation process using a one-step hard spin and 

CompoMat G5 has led to a standardized BC with a relative high variation in hematocrit 

and to the same variation in composition of LR-RCCs and plasma as with previously-used 

centrifuge runs and separators.

Best practice of all production locations resulted in a WB program in which the lower 

press is completely extended to the door. This has the advantage that it is uniform for 

all devices and does not need calibration and adjustment. Formerly, the program used 

at Compomat G4 was subject to a stringent QC regime of calibration and adjustment of 

the lower press extension, because a residu of red cells in the lower compartment was 

left while the lower press was not completely extended. As a result the volume of the BC 

could increase with time due to wear of the rubber press parts. Thus, the choice for this 

G5 program reduced the workload of the processing and QC departments. With this WB 

program, adjustment of the BC volume is experienced as being easy while adjustment of the 

BC hematocrit is regarded as difficult due to the big change of 0.05 L/L that occurs when 

the A detector is set one higher or lower.

Regarding LR-RCC, the percentage of units with good quality was increased due to a 

lower discard rate (saving roughly 1000 units per year), as a result of the more complete and 

standardized way of opening the CF closures by the G5 instead of manually opening of the 

breakaway closures [10]. Also the improved alarms and possibility for interventions on the G5 
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allow more units to be ‘saved’ as compared to the Compomat G4. Reduction of the percent-

age of RCC units with hemolysis >0.8% due to incorrect processing is especially attributed 

to standardization of the break away opening process. As an indicator for high hemolysis 

in RCCs, RCC units of WB which showed separation times >6 minutes were routinely sent 

to the QC laboratory [12]. After implementation of the G5, the percentage of rejected RCCs 

was reduced more than 10-fold making high hemolysis in RCCs due to long separation 

times a rare event. Consequently, the QC procedure of testing all RBC concentrates from 

whole blood with a separation time greater than 6 minutes could be abandoned, resulting 

in a another decrease in the workload of the processing and QC departments.

The quality of plasma, in terms of contamination with cells, was initially lower due to the 

G5 program which pushes the cell-plasma interface to detector A4 instead of A2. However, 

after switching to the one-step centrifugation program this parameter was at the same 

level as before. The slight increase of discarded plasma from 0.12 to 0.18% was specifically 

caused by a temporary increase in leakage of bags. The figures are therefore affected by 

operational errors not related to G5 operation, like dropping of frozen units. This is confirmed 

by return to lower discard rates of plasma in 2012 and 2013 (0.09 and 0.05% respectively).

As mentioned above, quality of the BC concerning volume is satisfactory but will be 

improved for hematocrit. Because QC data show a lower number of PLTs in BC (which are 

randomly chosen to be combined into a platelet concentrate) and PC than in the pilot or vali-

dation studies, PLT content of BCs and PC are also subject of improvement studies. One way 

of improving PLT content in the BC might be decreasing the expression time in program step 

20 (lower press out time) in accordance with a comparison of two Compomat G4 programs 

described by Van der Meer [4] in which the lower press is or is not completely extended to 

the door. The latter program yielded significant more PLTs in the BC than the former. Initial 

experiments with ‘lower press out time’ at 6 seconds compared to 26 seconds showed BCs 

with a better PLT recovery (85 vs. 80%), indicating the right direction of improvement. Further 

experiments with these BCs showed 30x109 more PLT in the BC pools and 20x109 more PLT 

in the PCs on average (n = 15). Due to the large standard deviation it will take about 300 units 

to prove a statistical significant increase of PLT, but these experiments confirmed the initial 

experiments. These experiments will be repeated after testing the software adjustment to 

improve the BC hematocrit accuracy, because this parameter affects centrifugation results 

of the BC pools [13, 14]. Other methods of improving PLT content in the BC like determination 

of pre-counts from donor or WB are not part of our strategy.

2
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Separation time on G5 is about 3 minutes, which includes opening of CF closures. 

Compomat G4 and Optipress II separation time were about 3-6 minutes (internal data), 

exclusive manual opening of closures. This means that overall process is faster with G5. 

Theoretically, to maximize the total throughput rate an operator has to work continuously 

and this can be realized by providing the operator with x G5 devices and x is given by (t(sep-

aration) + t(operation)) / t(operation). So, based on feasible separation times of 3-4 minutes 

and operation times of 1 minute, processing departments were outlined with units of 5 

G5 devices to be operated by one person, processing 60 units of WB per hour on average. 

After implementation, it has been found that this ratio of 1 operator per 5 devices suited 

well. Separation times of BC pools were very dependent of the pooling set used and were 

judged not critical.

In conclusion, high quality blood components that meet European guidelines can be 

prepared by using CompoMat G5, comparable with components prepared with Compomat 

G4 or Optipress II. Most teething problems could be solved by the manufacturer or by our 

selves. Apart from design-based improvements, the increased efficiency as the main added 

value of this new development was realized by preparation of standardized blood products 

and automation of the opening process, by use of collection systems with CF closures.
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SUPPLEMENTAL INFORMATION

Table S1: CompoMat G5 program steps for separation of whole blood into RCC, BC and plasma and for separation 
of BC-pool into PC and waste product for Fresenius bag systems with CompoFlow closure(s). If not specified, 
maximum speed (100%) and force (650x) is used and head sensors are set off.

Whole blood Platelet concentrates

Main program Sub program Main program

1 Begin Begin

2 Check Head 1, 2, 5, 6 Check Head 1, 2

3 CompoFlowOpener Door CompoFlowOpener Door

4 CompoFlowOpener Top Open Head 1, 2

5 Open Head 1, 2, 5, 6 Both Presses out force 150x

6 Task start → Top press down  
force: 80x

Both Presses out Detector A
 Speed

A2
1.2%

7 Both presses out force 150x Lower Press out Detector A
 Speed
 Head sensor
 …Sensitivity
 Head sensor

A4
1.0%
Red cell
50%
1

8 CompoFlowOpener RCC Lower Press out Head Detector
 Sensitivity
 Speed

1
35%
0.5%

9 Both Presses out delta
 Speed

10.0 mm
13.0%

Open Head 1

10 Close Head 6 Lower Press out time
 Speed

15.0 sec
0.5%

11 Upper Press to position
  Speed
 Force

51.0 mm
7.0%
500x

Close Head 1

12 Lower Press out Detector A
 Speed

A2
7.0%

Wait 5.0 sec

13 Lower Press out Detector A
 Speed
 Head Sensor
 Sensitivity
 Head Sensor

A4
1.0%
Red cell
60%
1

Seal Head 1, 2

14 Close Head 1, 2 End

15 Task end ←

16 Slide out

17 Open head 6

18 Lower Press to position
 Speed

58.0 mm
13.0%
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Whole blood Platelet concentrates

Main program Sub program Main program

19 Task start → 1) Top Press down 
with check
 Force: 400x
 Head Sensor: Air
 Head Sensor: 5
2) Close Head: 5

20 Lower Press out time
 Speed

26.0 sec
13.0 %

21 Close Head 6

22 Task end ←

23 Task start → Slide in

24 Both presses to position
 Force

0.0 mm
400x

25 Task end ←

26 Seal Head 1, 2, 6

27 End

2
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