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q Dapat digunakan untuk beberapa pasien

q Pasien hanya menerima komponen yang memang
dibutuhkan

q Mengurangi risiko reaksi transfusi

q Penyimpanan dapat optimal

q Keuntungan logistik, etik, dan ekonomi

Mengapa Harus Komponen?
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Komposisi Darah
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Suhu simpan-preparasi komponen

Transfusion Alternatives in Transfusion Medicine 10, 92–101 

Dr. dr. Teguh Triyono, M.Kes Sp.PK (K)



Bag System
• A wide variety of PVC (plyvinyl chloride) plastic bag is 

available
• Sterile and pyrogen-free 
• Storage of platelet requires a plastic with increased oxygen 

permeability.
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Prinsip Sentrifugasi
• Ukuran, berat jenis
• Viskositas medium, 

fleksibilitas sel
• Kecepatan dan waktu
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Mean density 
(g/ml)

Mean volume 
(10e-15 litre)

Plasma 1.026
Platelet 1.058 9

Monocyte 1.062 470
Lymphocytes 1.070 230
Neutrophile 1.082 450

Red cell 1.100 87
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Prosedur Preparasi
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Pemisahan Plasma
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Basic Blood Components
• Red Blood Cells
• Platelets
• Fresh Frozen Plasma (FFP)
• Cryoprecipitated Anti-hemophilic Factor
• Granulocytes.
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PRC DISIMPAN 42 HARI

were significantly higher compared to the control group
(1!3 " 0!7, P < 0!001) (Table 2). All turbid plasma units
showed triglyceride levels >2!2 mmol/l (the upper normal
level) whereas in the control group, only three units had
triglyceride above 2!2 mmol/l, with a maximum value of
3!1 mmol/l (Fig. 1).

In vitroIn vitro red cell quality during storage

All 26 RCCs prepared from lipemic WB met the require-
ments for volume (>245 ml), haemoglobin (>40 g/U) and
haematocrit (0!50–0!65 l/l) and were comparable with the
control units (Table 2). During storage in SAGM, RCCs of
both lipemic and control group showed the normally
observed changes in metabolic parameters [19]. Glucose
concentration declined with a concomitant production of

lactate, resulting in lowering of the pH. As normally
observed with RCCs in SAGM, ATP levels declined during
storage. For all metabolic parameters tested, there were
no significant differences between the RCCs from lipemic
and normal donations.

Haemolysis at day 1 of storage was already higher in
the lipemic donations group. During storage, haemolysis
increased, which was much more pronounced in the lipe-
mic group. At day 42 of storage, the lipemic group
showed significant higher haemolysis (1!24 " 0!82%), as
compared to the control group (0!30 " 0!14%). For 20 of
the lipemic RCCs (77%), haemolysis at day 42 of storage
was above the limit of 0!8% [8] while for eight units,
haemolysis was at least 20% above the acceptable limit
of 1% for US [9] (Fig. 2).

Discussion
There was a clear difference in triglyceride concentration
between turbid plasma and normal plasma. This indicates,
that the subjective method used, that is, the visibility of a
specific white label through a separated plasma unit by a
laboratory technician, results in a good discrimination
between normal and turbid plasma.

Red blood cell concentrates prepared from lipemic
donations showed significantly higher haemolysis at the
end of storage as compared to RCCs from normal dona-
tions. This is in line with the results obtained by
Schulzki [14]. The exact mechanism of the higher
haemolysis in lipemic donations is unclear. Lipid-
induced alterations in the red cell membrane have been
suggested to be involved in the decreased red cell stabil-
ity [12]. An alternative, as yet unexplored, explanation
involves the stabilization of RBC by plasticizers leaking
from the red cell storage bag. RCCs are normally stored
in bags made from DEHP-plasticized PVC. It is well
known that DEHP stabilizes the red cell membrane, and
storage of RBC in DEHP-free bags has been shown to
result in increased haemolysis [20]. Even short time con-
tact of the whole blood in DEHP-containing systems
have been shown to allow for migration of considerable
amounts of DEHP from tubing and storage bag into the
blood product [20, 21]. The levels of haemolysis in
DEHP-free blood bags are in the same range as observed
with lipemic plasma. DEHP is a lipophilic substance and
is extracted from the blood bag mainly by the lipophilic
constituents of plasma. The high triglyceride levels in
lipemic plasma might prevent the incorporation of DEHP
into the red cell membrane or even extract it from the
membrane resulting in increased haemolysis during stor-
age. Further research, using storage bags with different
plasticizers, might give more information on this alter-
native explanation.

○: normal plasma, ●: lipemic plasma; - - -: 2.2 mmol/l triglyceride (upper normal value)

Fig. 1 Individual values of triglyceride concentration in plasma.

○: control RCCs, ●: lipemic RCCs

Fig. 2 Individual values of haemolysis in RCCs after 42 days of storage
at 2–6 °C.

© 2018 International Society of Blood Transfusion, ISBT Science Series (2018) 13, 440–445
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Cryopreserved-RBCs
• Frozen RBCs
• Glycerol is added to cryoprotect

the unit
• Glycerol prevents cell lysis

(dehydration, intracellular ice)
•Why? Freezing RBCs preserves 

rare units or extends to life of 
autologous units.
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Washed-RBCs

•Not effective in reducing WBCs
•For patients (with anti-IgA) that may react 
with plasma proteins containing IgA
•Reactions may be allergic, febrile, or 
anaphylactic.
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Irradiated-RBCs
• Prevents T-cell proliferation that may cause transfusion-associated 

graft versus host disease (GVHD)
• Used for:
• Donor units from a blood relative
• HLA-matched donor unit
• Intrauterine transfusion
• Immunodeficiency
• Premature newborns
• Chemotherapy and irradiation
• Patients who received marrow or stem cells.
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Wholeblood-derived Platelets
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(Herman & Benson, 2005)

METODE PRP METODE BC

Wholeblood-derived Platelets
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Pooling of Buffycoat
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Estimation of the residual risk of a leukocyte-depleted 
component being issued containing residual leukocytes 
above defined levels 

storage, usually within 48 hours of donation. For
whole-blood donations, this is achieved by filtration,
whereas an LD step by centrifugation/elutriation is
integral to some apheresis technologies. Most whole-
blood LD filters remove > 2 logs of platelets in
addition to > 4 logs leukocytes. Therefore, only fresh-
frozen plasma (FFP) and red cells can be produced
from whole blood that has been leukocyte depleted. To
produce platelet concentrates, each component (red
cells, plasma or platelets) must be filtered after their
separation from whole blood. However, a second gen-
eration of whole-blood LD filters is becoming available
that permit platelets to pass through the filter,
although these are not yet in widespread use. LD
results in a 10–15% loss of volume of whole blood or
processed component but has minimal adverse effects
on the quality of blood components.

The specification for leukocyte-depleted blood com-
ponents varies between countries (Table 1), but all
reflect the current capability of LD systems, the fact that
only a fraction of components are tested for residual
leukocytes and that the limit of sensitivity of current
counting methods is around 0.3 ¥ 106/U. Recent studies
have demonstrated > 3.8 log reduction in all leukocyte
subtypes by whole-blood filtration and > 3.1 log reduc-
tion by platelet filtration and one platelet-apheresis
technology.5

Despite advances in technology, LD systems occasion-
ally fail. The risk that an LD system will result in blood
components being issued that fail to meet the required
specification for residual leukocytes is dependent upon a

number of factors: the capability of the LD system,
potential manufacturing defects in the LD filter or pack
system, the proportion of components that are tested for
residual leukocytes and donor-related causes. An esti-
mation of the likelihood of components is issued that
exceed certain levels of residual leukocytes are illus-
trated (Table 2). Although most donor-related causes of
filter failure are poorly understood, it is known that
donors with sickle cell trait are more likely to either
block LD filters or fail to leukocyte deplete; 100% of
donations from such donors are therefore usually
assessed for residual leukocytes.6

Table 1. Specifications for
leukocyte-depleted blood
components UK

Council of
Europe/European
directive AABB

Level of residual
leukocytes

< 5 ¥ 106/U < 1 ¥ 106/U < 5 ¥ 106/U for red cells
and apheresis platelets

< 8.3 ¥ 105/U for
platelet-rich plasma
platelets

Percentage of
components in which
this must be attained

99 90 95

Statistical confidence
that this is attained

95% Not stated Not stated

Tables 1 is an updated version.4

Table 2. Estimation of the residual risk of a leukocyte-
depleted component being issued containing residual
leukocytes above defined levels

> 1 ¥ 106/U > 5 ¥ 106/U > 100 ¥ 106/U

Apheresis platelets 1:175 1:1352 1:6381
Pooled platelets 1:202 1:2028 < 1:22304
Red cells in additive 1:160 1:1522 1:7250
Fresh-frozen plasma 1:1072 1:18251 < 1:14783

Figures are taken from UK quality monitoring data for an
18-month period.
Residual risk = number of units issued/(number of units not
tested/number of units tested) ¥ number of units that have
residual leukocytes above defined level.
Tables 2 is an updated version.4
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Characteristics of Plasma Products
• FFP
• Plasma Frozen within 24 hours
• Plasma cryoprecipitate reduced or cryopoor

plasma
• Thawed plasma
• Liquid plasma
• Cryoprecipitae AHF
• Source plasma
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Fresh Frozen Plasma (FFP)
• Plasma that is frozen within 8 hours of donation
• -18°C or older for 1 year

•Method of freezing
• Should bring the core temperature down to -30C or below 

within 60 minutes
• Should be presented in a regular configuration to maximize 

exposure to the freezing process
• If a liquid environment is used, container cannot be 

penetrated by the solvent
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FRESH 
PLASMAFFP
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Cryoprecipitate
• Cryoprecipitated antihemophilic factor (AHF) or “Cryo” is the 

precipitated protein portion that results after thawing FFP
• Contains:
• von Willebrand’s factor (plt. adhesion)
• Fibrinogen
• 150 mg in each unit 

• Factor VIII
• About 80 IU in each unit

• Fibrinonectin
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Granulocytes
• Neutrophils are the most numerous, involved in 

phagocytosis of bacteria/fungi
• Although rare, it is useful for infants with bacteremia
• Prepared by hemapheresis
• ≥ 1.0 x 1010
•Maintained at room temp for 24 hours.
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AUTOMATISASI: Gen 1-2-3

Vox Sanguinis (2014) 107, 10–18 
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TERIMA KASIH
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