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Summary  
Several biological medicines derived from human and animal 
plasmas can effectively improve haemostasis in individuals with 
inherited or acquired defects in haemostasis. Factor VIII and fac-
tor VIII/vWF and factor IX concentrates are used to treat hae-
mophilia A, von Willebrand disease and hemophilia B respect-
ively. Cryoprecipitates are used to treat hypofibrinogenemia and 
von Willebrand disease where desmopressin (DDAVP) is inef-
fective or when plasma-derived factor VIII/vWF concentrates 
are unavailable. Thrombin-containing topical haemostatic agents 
and fibrin sealants are used to control perioperative bleeding. In-
travenous immunoglobulin has several uses, including manage-
ment of patients with autoimmune thrombocytopenias and pa-
tients with acquired factor VIII deficiency. Similar to most pro-
tein-based biological medicines, all the above products can elicit 
some level of antibody response, with clinical consequences that 
vary from mild anaphylaxis to loss of product efficacy. An on-
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going potential safety concern with any biological medicine de-
rived from blood/plasma is transmission of blood-borne pa-
thogens. This safety concern has lessened significantly in the past 
decade as a result of the institution of more effective pre- and 
post-donation screening that tests for potential pathogens, and 
institution of pathogen reduction strategies to which many plas-
ma-derived biological medicines are now routinely subjected. 
This article considers the manufacture, standardization, clinical 
efficacy and adverse event profiles of the plasma-derived biologi-
cal medicines currently used to promote haemostasis in patients 
with inherited or acquired functional defects in haemostasis. It 
also considers approaches employed to minimize infectivity of 
biological medicines derived from human and animal plasmas 
and to manage patients who develop antibodies (inhibitors) to 
clotting factor concentrate infusions. 
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General considerations  
A number of biologicals (protein-based medicines) important 
for haemostasis and manufactured from both human and non-
human plasmas have been approved for clinical use (Table 1), al-
though plasma-derived biologicals important for haemostasis 
only represent a small fraction of the more than 250 approved 
biological products (1). Many therapeutic proteins, including co-
agulation factors, topical haemostatic agents, hormones, 
enzymes, cytokines and fully humanized monoclonal anti-
bodies, have elicited antibody formation in some treated patients 
(2–4). While the clinical consequences of immune responses to 
biopharmaceutical proteins are generally benign, immune re-
sponses to some biological proteins can have serious adverse 
clinical consequences (2–5). 

Immune responses arising after the parenteral administration 
of a biological medicine normally results from the body recog-

nizing non-self proteins (i.e. therapeutic proteins not normally 
synthesized by the recipients) in the product. For example, up to 
30% of severely factor VIII-deficient patients develop factor 
VIII-neutralizing antibodies after repeated prophylactic or thera-
peutic treatment with factor VIII concentrates (3). Another 
mechanism proposed for the immunogenicity of biopharma-
ceuticals is the breaking of self-tolerance (6). In these instances, 
medically warranted administration of therapeutic proteins that 
the patients normally synthesize may elicit the generation of 
antibodies that neutralize both the therapeutic proteins and auto-
logous proteins (6). Several recipient-related and product-re-
lated factors contribute to immunogenicity of biological medi-
cines. Recipient-related factors include genetic predisposition, 
immune status and susceptibility of the recipient. Product-re-
lated factors include differences in the amino acid sequences be-
tween biological medicines and the patients’ homologous pro-
teins, differences in glycosylation patterns between the thera-
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peutic and patients’ proteins, drug formulation, doses, frequency 
and duration of treatment, routes of administration, presence of 
impurities and/or aggregates or degraded forms of the thera-
peutic proteins (6–11). 

Source materials for biological medicines  
While human blood is a valuable source of many therapeutic pro-
teins, inadequately screened human blood or blood components 
can transmit a variety of pathogens, including human immuno-
deficiency virus (HIV), hepatitis B virus (HBV), hepatitis C 
virus (HCV) and West Nile virus (12). Additional blood-borne 
pathogens include Treponema pallidum; human parvovirus B19 
and, more rarely, hepatitis A; malaria, the tick-borne disease 
babesiosis, human granulocytic ehrlichiosis and Lyme disease 
(12–14). The transmissibility of prion diseases, such as scrapies 
in sheep, bovine spongiform encephalopathy (BSE) in cattle and 
Creutzfeldt-Jakob disease (CJD) in humans, became a concern 
in the 1990s after a BSE epidemic and a new form of CJD (vari-
ant CJD) were reported in the United Kingdom (13). Even ad-
equately screened blood is now deemed to always carry a very 
low risk for the transmission of pathogens, since screening tests 
currently available cannot exclude all of the potential human pa-
thogens nor completely anticipate future blood transfusion-
transmitted agents (12). 

As is well known, most haemophilia A patients who received 
regular infusions of plasma-derived factor VIII concentrates in 
the 1980s in North America had already been infected with HIV 
before the first clinical case of aquired immune deficiency syn-
drome (AIDS) was described (12). Because plasma-derived pro-
teins are manufactured from large pools of human plasmas, 
special precautions are now mandated during therapeutic protein 
production to minimize the possibility of the final products 
transmitting infectious diseases to recipients (14). Prior to the in-
troduction of these pathogen-reduction strategies, 75% of North 
American patients with haemophilia A had serological evidence 
of exposure to hepatitis B (12). Exposure to HCV was almost 
universal (15, 16), and about 80% of severe haemophilia A North 
American patients developed chronic hepatitis (17). The pa-
thogen reduction procedures to which plasma fractionation 
products are now subjected have significantly reduced the risk of 

pathogen transmission. No transmission of HBV, HCV or HIV 
attributable to manufactured plasma derivatives licensed for use 
in the US has been reported since the introduction of effective 
virus inactivation procedures in 1985 (18). The strategies 
adopted to reliably minimize infectivity of human and animal 
plasmas and products derived from them include improved 
donor screening, which, in North America for example, includes 
obtaining a detailed medical history of blood donors to exclude 
individuals whose blood has a high risk for transmitting blood-
borne pathogens. The institution of a variety of sensitive sero-
logic and nucleic acid-based tests has restricted most new cases 
of transmission to the window between the time of donor infec-
tion and the point at which current tests can detect infection (12). 
Once blood or plasma donations have been collected and 
screened for major clinically relevant viruses, most potentially 
infectious units are eliminated (13). The pooled plasmas made 
from the acceptable units of plasma are processed to isolate the 
biological medicines of interest. Because plasma pools may con-
tain window period donations, viral inactivation or reduction 
strategies are necessarily employed during the manufacture of 
plasma-derived therapeutic products (12). 

The Cohn-Oncley fractionation process is an efficient 
method developed in the mid-1940s and modified subsequently 
to isolate many therapeutic proteins from human plasma pools. 
This process allows multiple stepwise extractions of therapeutic 
proteins using cold ethanol precipitation (Fig. 1) (13). The pro-
cess involves slowly thawing frozen plasma at 2–4°C and centri-
fuging it in the cold to remove cryoprecipitate (the cold insoluble 
plasma fraction that contains most of the factor VIII and von 
Willebrand factor and some fibrinogen and the other cold insol-
uble globulins) (13). The solubilities of different protein frac-
tions in the remaining supernatant are then manipulated by in-
creasing the concentration of ethanol and altering temperature, 
pH and/or ionic strength of the remaining plasma pool (13). Cen-
trifugation or filtration is then used to partition the fractions con-
taining different plasma proteins. Nanofiltration has been imple-
mented at the production scale since the early 1990s to comple-
ment viral reduction treatments such as solvent/detergent and 
heat treatments to enhance product safety against non-enveloped 
viruses and provide a possible safeguard against new infectious 
agents potentially entering the human plasma pool (19–21). 

Since some manufacturing steps, such as sterile filtration and 
freeze-thaw cycling, remove large pathogens such as bacteria 
and parasites, only viruses continue to pose serious threats to the 
safety of plasma-derived medicinal proteins (13). Although 
some viruses may be removed coincidentally during Cohn-On-
cley fractionation (13), an additional layer of safety is now 
achieved by including effective and specific viral clearance steps 
during the manufacturing process (14). Recent improvements in 
protein processing have increased the purity and yields of human 
plasma-derived proteins (13). Since 1991, the Committee for 
Human Medicinal Products (CHMP) (20) also requires all 
manufacturers of blood and plasma products used in the EU to 
implement viral inactivation/reduction steps in their processes to 
target pathogens and prevent transmission of potential emergent 
viruses (13). The most promising approaches used currently in-
volve pathogen-reduction strategies that reliably and effectively 
reduce the infective doses of model viruses in laboratory spiking 

Table 1: Biological medicines important for haemostasis that 
are derived from human or animal plasmas. 

Clotting factors (human and porcine in origin) 
– Human factor VIII concentrates  
– Human factor VIII/von Willebrand factor concentrates 
– Human cryoprecipitate 
– Human plasma fraction with factor VIII inhibitor bypassing activity (FEIBA) 
– Activated and non-activated human prothrombin complex concentrates 
– Porcine factor VIII (no longer used clinically) 
– Human factor IX concentrates 
– Human fibrinogen 
– Human factor XI concentrates 
– Human factor XIII concentrates 
Topical haemostatic agents derived from animal plasmas and/or  
 tissues or from human plasmas 
Intravenous immunoglobulins (IVIG)  
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studies (12). Pathogen reduction processes include filtration, af-
finity chromatography, ion-exchange chromatography, poly-
ethylene glycol fractionation, heat and solvent/detergent treat-
ments that inactivate viruses and processes such as ethanol frac-
tionation that both remove and inactivate viruses that might be 
present in the fractionated products (14). Other pathogen-reduc-
tion techniques include irradiation and chemical and photo-
chemical techniques (12, 14). Nanofiltration has been imple-
mented recently in addition to solvent/detergent treatment dur-
ing the manufacture of factor VIII/vWF concentrates (21). How-
ever, some loss of von Willebrand factor was noted when factor 
VIII/concentrates were subjected to nanofiltration (21). The 
benefits of each pathogen-reduction strategy must be weighed 
against a variety of risks: loss of or damage to specific plasma 
proteins, the toxicity of residual antiviral agent to product recipi-
ents, risk of infection of the personnel processing the plasmas 
and potential environmental contamination (12). 

In general, products such as albumin, intravenous immunog-
lobulin and α1-proteinase inhibitor, which are obtained after 
several fractionation steps, present a lower risk for pathogen 
transmission than products such as coagulation factors which are 
obtained at the earlier steps (19, 20). Prions may be removed to 
varying degrees during precipitation, filtration and chroma-
tography steps used to fractionate plasma, depending on the pu-
rification conditions (22). As with any biological product, the 
manufacturing and purification of human- and animal-derived 
biological medicines involve a degree of risk, although measures 
taken by the manufacturers under careful supervision of the ap-
propriate regulatory agencies ensure the relative safety and effi-
cacy of biological medicines used clinically today. The re-
mainder of this review will consider the steps used to manufac-
ture the specific biological medicines important for haemostasis 
from animal and human plasmas, their standardization, clinical 
effectiveness and safety considerations.  

Figure 1: Cohn-Oncley plasma fraction-
ation scheme. Adapted from Cai 2005 
(13).  
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Plasma-derived human factor VIII concentrates 
Factor VIII is an essential coagulation factor that provides the co-
factor that enhances coagulation factor X activation by the 
enzyme coagulation factor IXa. This essential cofactor of coagu-
lation is absent or dysfunctional in patients with haemophilia A. 
Haemophilia A affects one in 5,000 males, who generally receive 
prophylaxis and/or treatment with infusions of factor VIII con-
centrates two or three times a week (23–26). Together with von 
Willebrand factor, human factor VIII concentrates are manufac-
tured from the cryoprecipitate fraction isolated during Cohn-On-
cley fractionation (13). Pathogen-reduction validation studies 
with early factor VIII concentrates derived from cryoprecipitate 
showed no viral clearance across the initial precipitation step, but 
many of the newer methods for manufacturing factor VIII con-
centrates incorporate additional chromatographic steps to re-
move contaminants, including viruses (13). During an affinity 
chromatography purification stage, immobilized monoclonal 
anti-factor VIII antibodies can be used to specifically capture 
factor VIII while allowing contaminant proteins and small non-
enveloped viruses such as parvovirus and poliovirus to flow 
through the affinity column (13, 19, 21, 27). Solvent/detergent 
treatment can also inactivate enveloped viruses such as HIV, bov-
ine viral diarrhoea virus (BVDV) and pseudorabies virus (PRV) 
to below the levels of detection (13). The final containers for 
some freeze-dried factor VIII products undergo terminal dry 
heat treatment at temperatures of up to 80°C for up to 72 hours to 
inactivate HIV and other enveloped viruses such as HBC and 
HCV (13). Plasma-derived factor VIII products used most 
widely in the US are prepared from pooled human plasmas by 
immunoaffinity chromatography with a murine monoclonal 
antibody followed by ion exchange chromatography for further 
purification, plus a solvent/detergent virus inactivation step or 
by pasteurization of the concentrate at 60°C for 10 hours (28, 
29). The resulting concentrates contain factor VIII formulated 
with either albumin, polyethylene glycol, histidine and/or gly-
cine as stabilizing agents, small amounts of mouse protein, or-
ganic solvent and detergent or calcium chloride, albumin, man-
nitol and histidine and trace amounts of murine protein. The 
number of units of factor VIII administered is expressed in Inter-
national Units (IU) that are assigned by reference to the current 
World Health Organization (WHO) International Standard for 
factor human VIII concentrates (20). 

Several highly purified plasma-derived factor VIII concen-
trates also used widely are formulated to contain von Willebrand 
factor, and factor VIII/von Willebrand factor concentrates are 
approved for treating inherited von Willebrand disease or factor 
VIII deficiency. Ion exchange chromatography procedures, 
rather than monoclonal anti-factor VIII affinity columns, are 
used to produce plasma-derived factor VIII/vWF concentrates. 
The marketed products include Alphanate, Biostate, Factane, 
Fanhdi, Humate-P/Haemate-P, Immunate, Koate-DVI and Wi-
late. While some of these products are registered for use in sev-
eral countries others are only registered for use in three or fewer 
countries. Use of some plasma-derived FVIII/vWF concentrates 
to induce immune tolerance to factor VIII is discussed below.  

With viral transmission now less of an issue, and the risk of 
viral transmission more theoretical, the most serious clinical 

complication of factor VIII replacement therapy is the risk of de-
veloping inhibitory antibodies (12, 23, 24, 26, 30). This risk may 
be higher in patients with severe than moderate or mild factor 
VIII deficiency (30). Anti-factor VIII antibodies that inactivate 
this protein (inhibitors) can develop after treatment with cryop-
recipitate, plasma-derived or recombinant factor VIII concen-
trates (30). Up to 30% of severe haemophilia A patients treated 
with factor VIII concentrates develop anti-factor VIII antibodies 
(24–26, 30). These inhibitory antibodies tend to appear after the 
first 10 to 20 treatments for factor VIII replacement (26). The de-
velopment of inhibitors in stable, previously treated patients (es-
pecially in moderate and mild haemophilia A patients) may re-
flect the presence of neo-antigens in the factor VIII concentrates 
that are lacking in these patients who normally synthesize low 
levels of factor VIII (30). Although factor VIII inhibitors may be 
transient (26), some persist and can inhibit factor VIII activity by 
interfering with its binding to components of the factor Xase 
complex, and thus reduce the efficacy of treatment with factor 
VIII concentrates (24). This major complication in the manage-
ment of haemophilia A can significantly impact both the effec-
tiveness and cost of treatment (31–36). 

Major improvements have been made in treating haemophi-
lia A patients who develop factor VIII inhibitors as most of these 
patients can now be managed successfully (26). Patients with 
low titre inhibitors (< 5 Bethesda units/ml) can generally be man-
aged by infusions with more factor VIII than usual to overpower 
the inhibitors. Patients with inhibitors of high Bethesda titer (> 5 
Bethesda units/ml) require different approaches. Human pro-
thrombin complex concentrates, activated prothrombin complex 
concentrate [aPCC], a plasma product known as FEIBA (factor 
VIII inhibitor bypassing activity), porcine factor VIII and recom-
binant human factor VIIa have been used to successfully manage 
bleeding in patients with high titer factor VIII inhibitors (26, 
37–44). Plasma-derived porcine factor VIII was used in patients 
whose anti-human factor VIII antibodies did not cross-react with 
porcine factor VIII (36). While porcine factor VIII supplied the 
missing factor to deficient patients, it was proposed to also en-
hance coagulation and haemostasis by activating human platelets 
(45). Concerns about potential porcine parvovirus infectivity have 
led to the withdrawal of porcine factor VIII from the market. While 
therapeutic plasma exchange generally has not been successful in 
the management of patients with high levels of inhibitor to factor 
VIII, success has been reported using extracorporeal immunoad-
sorption of the factor VIII-neutralizing antibodies (46, 47). 

Activated prothrombin complex concentrates contain acti-
vated clotting factors other than factor VIII that can stimulate 
clotting and may thus bypass the need for factor VIII (37, 39, 40). 
In a study of 14 patients with acquired haemophilia, Holme et al. 
concluded that aPCC is an effective treatment for acute bleeds in 
patients with acquired haemophilia with high levels of inhibitors 
and that it also provided effective haemostasis during minor sur-
gery. Furthermore, a combination of oral corticosteroids and 
cyclophosphamide seemed to be effective in eradicating factor 
VIII inhibitors (37). Tjønnfjord concluded from a series of 10 pa-
tients that minor and major surgeries are feasible, with a low risk 
of severe bleeding complications in patients with haemophilia 
and factor VIII inhibitors and patients with acquired haemophi-
lia using aPCC (48). Unfortunately, use of aPCC has been associ-

C
ur

re
nt

 u
se

 o
f b

io
lo

gi
ca

ls

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.234



Ofosu et al. Plasma-derived biological medicines

855

ated with deep vein thrombosis, pulmonary embolism and dis-
seminated intravascular coagulation (44). Clinical data show that 
one marketed plasma product (FEIBA®) is safe and well toler-
ated in a wide variety of clinical settings when used according to 
dosing guidelines (49). Recombinant factor VIIa is also an effec-
tive treatment for both minor and life-threatening bleeds and for 
preventing surgical bleeding in patients with factor VIII in-
hibitors (44). In the only randomized study to compare FEIBA, 
aPCC and recombinant factor VIIa, all three had similar effects 
on joint bleeds, although the efficacy of the two plasma-derived 
products was rated differently in a substantial proportion of pa-
tients, particularly in the first 12 hours after symptoms started 
(50). Because of the very short half-life of recombinant factor 
VIIa, patients with factor VIII inhibitors receive recombinant 
factor VIIa infusions every 2 to 4 hours (44). Use of recombinant 
factor VIIa is the preferred approach in patients with a known an-
amnestic response to aPCC and in patients waiting to begin im-
mune tolerance induction (51).  

Immune tolerance induction aims to modify the patient’s im-
mune system to tolerate treatment with factor VIII. This is ac-
complished by the administration of large doses of factor VIII 
concentrates twice daily, daily or every other day for weeks, 
months or even years and sometimes in combination with immu-
nosuppressive therapy (34, 37, 44). Immune tolerance induction 
is time consuming, expensive and not always successful in pa-
tients with high titres (> 5 Bethesda units/ml) of factor VIII anti-
bodies (37) but it is the recommended approach for children with 
inhibitors (44). A number of small studies have shown that im-
mune tolerance induction is successful in 70% to 85% of cases, 
with dosage of factor VIII used apparently not relevant to success 
rate (55). Registries, with a total of 505 patients with haemophi-
lia A undergoing immune tolerance induction, have identified 
factors predictive of successful treatment: including age, time 
between inhibitor diagnosis and initiation of immune tolerance 
induction and dose (52–55). Hodges et al. suggested that in-
hibition of T-cell CD132 by plasma-derived factor VIII may 
make it more appropriate for inducing tolerance to factor VIII 
than recombinant factor VIII (56), and this is supported by data 
from the North American Immune Tolerance Registry, which 
suggested better success rates with monoclonal antibody immu-
noaffinity chromatography purified factor VIII (55). Interest-
ingly, data from Germany suggest a reduced success rate when 
patients were switched to higher purity factors and an improved 
success rate (80%) when patients were switched back to lower 
purity factors (57, 58). Tamura et al. found continuous infusion 
of recombinant factor VIII effective at inducing immune toler-
ance, with inhibitors becoming undetectable after three weeks of 
continuous infusion and remaining undetectable six months after 
initiation of prophylactic treatment with recombinant factor VIII 
three times weekly (34). Low-dose, ongoing prophylaxis thus 
might be protective against the formation of inhibitors in some 
patients, but an optimum regimen has not yet been established, 
and very early prophylaxis is likely to have its own set of prob-
lems (52). Whether the presence of high levels of vWF in plas-
ma-derived factor VIII concentrates moderate the risk of in-
hibitor development in previously untreated patients or improves 
the chances for immune tolerance induction remains controver-
sial (52, 57–63). 

Plasma-derived human factor IX concentrates 
Haemophilia B is caused by an inherited deficiency of factor IX 
and affects one in 30,000 males (26). For many years, prothrom-
bin complex concentrates, which contain prothrombin and fac-
tors VII, IX and X, were the only treatment for patients with hae-
mophilia B (64). Use of these combined clotting factor products 
was associated with thrombotic events, particularly in cases of 
repeated infusions for surgery (65). Patients are now treated pro-
phylactically with purified human plasma-derived factor IX con-
centrates (26), isolated during Cohn-Oncley fractionation, in this 
case from Effluent 1 (see Fig. 1) (13) or with recombinant factor 
IX (66). Hampton et al. showed that high-purity preparations of 
plasma-derived factor IX concentrates produced significantly 
less coagulation activation than prothrombin complex concen-
trates (67). The global use of purified factor IX concentrates has 
reduced the incidence of thrombotic and bleeding events in pa-
tients with haemophilia B (64). The number of units of factor IX 
administered is expressed in IU, which is related to the current 
WHO standard for factor IX concentrate products (68). Calcu-
lation of the desired dosage is based on how much 1 IU/kg body 
weight of a specific factor IX product increases the plasma fac-
tor IX activity (68). Unlike plasma-derived factor VIII, the re-
covery of plasma-derived factor IX is around 50%, and this has 
to be taken into account when calculating the dose. 

As was described for factor VIII concentrates, plasma-de-
rived factor IX concentrates have also benefited from various 
viral inactivation methods, such as heating, thiocyanate treat-
ment and solvent/detergent treatment, which offer patients pro-
tection from enveloped viruses such as HCV, HBV and HIV (64). 
In 1996, Lawlor showed that factor IX concentrates can transmit 
hepatitis A virus (HAV) and that appropriate steps to inactivate 
non-enveloped viruses and enveloped viruses were needed to en-
sure the safety of plasma-derived factor IX concentrates (69). In 
1998, a double-blind, randomized study by Goudemand et al. 
showed that the addition of a 15-nm filtration step to the manu-
facture of a solvent/detergent-treated factor IX concentrate did 
not alter the biological properties of the molecule, yet was highly 
effective in removing the loads of non-enveloped viruses (64). 
Schulman et al. found that perioperative and postoperative re-
placement therapy by continuous infusion with a highly purified 
factor IX concentrate (treated with solvent/detergent and nano-
filtration to improve viral safety) was safe and efficacious in hae-
mophilia B patients (70). Evans et al. reported similar efficacy 
and safety profiles for a high-purity factor IX concentrate given 
by continuous infusion to treat bleeding and as a cover for sur-
gical procedures (71). Zakarija reported a preference for plasma-
derived products, claiming they provide more reliable control of 
factor levels in patients than recombinant factor IX and thus 
better control of bleeding (72). This study also confirmed the 
two-fold greater in-vivo recovery of plasma-derived than recom-
binant factor IX reported Ewenstein et al. (73).  

The prevalence of inhibitors in patients with haemophilia B 
is much lower than in patients with haemophilia A, with factor IX 
inhibitors prevalence ranging from 0% to 33% in patients with 
severe haemophilia B (68). Parquet et al. found only one patient 
with inhibitors in a cohort of 15 previously untreated children 
with severe haemophilia B treated with a high purity, solvent/de-
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tergent-treated plasma-derived factor IX concentrate developed 
inhibitors (74). Mutation analysis showed a total gene deletion in 
this patient, partial gene deletion in one patient and missense 
mutations in the other patients (74). The authors concluded that 
the risk of factor IX inhibitors is higher in patients with factor IX 
gene deletions and recommended that factor IX gene analysis be 
undertaken at diagnosis of haemophilia B to identify and provide 
safer management for patients at high risk (74), 50% of whom 
may be at risk for severe allergic reactions and anaphylaxis (36). 
In 2005, Ruiz-Sáez et al. showed that, in 12 previously treated 
patients with haemophilia B, a factor IX concentrate and a plas-
ma-derived prothrombin concentrate (both plasma-derived and 
double inactivated: solvent/detergent treatment; heating at 
100°C for 30 minutes) effectively controlled bleeding episodes 
and both well tolerated six months of follow-up, and none of the 
patients developed factor IX inhibitors (75). However, the au-
thors highlighted the need for caution with respect to potential 
thrombogenicity with repeated doses or the presence of other 
thrombogenic risk factors (75). As with haemophilia A, hae-
mophilia B patients who develop low Bethesda titre inhibitors 
may be treated with more frequent doses of factor IX concen-
trates. However, recombinant factor VIIa or aPCC may be more 
appropriate in patients with high levels of factor IX inhibitors 
(44).  

Cryoprecipitates, fibrinogen, factor XI and factor 
XIII concentrates 

Cryoprecipitate is a human plasma component that was the treat-
ment of choice for factor VIII replacement in patients with hae-
mophilia A or von Willebrand disease until factor VIII and factor 
VIII/vWF concentrates subjected to pathogen reduction became 
available (21, 76–78). The current primary indication for cryop-
recipitates is the treatment of hypofibrinogenemia (fibrinogen 
levels <100 mg/dl) (79). Plasma-derived fibrinogen concen-
trates, factor XI concentrates and factor XIII concentrates also 
available for the treatment of congenital fibrinogen, factor XI 
and factor XIII deficiencies, respectively. Cryoprecipitates may 
also be used to treat uraemic bleeding diathesis that is unrespon-
sive to 1-deamino-8-D-arginine vasopressin (DDAVP, or decom-
pression) and von Willebrand disease when DDAVP is ineffec-
tive, and plasma-derived factor concentrates containing von 
Willebrand factor is unavailable (79).  

Cryoprecipitate is obtained by cold-thawing (at 4°C) fresh 
frozen plasma prepared from a unit of whole blood to produce a 
white precipitate that is then separated from the supernatant plas-
ma (79). The 10–20 ml of cryoprecipitate that results is rich in fi-
brinogen (150–250 mg), factor VIII von Willebrand factor 
(80–100 IU), factor XIII (50–100 units) and fibronectin (50–60 
mg) (76, 79). It is stored frozen and must be transfused within six 
hours of thawing or four hours of pooling of 6–8 units of cryop-
recipitates for each patient (76, 79). As noted elsewhere, manu-
factured clotting factor concentrates undergo pathogen-reduc-
tion measures and are thus safer with respect to the risk of trans-
mitting blood-borne pathogens than cryoprecipitates (12–14, 
76). Therefore, cryoprecipitates are usually reserved for use in 
emergency situations for the management of von Willebrand dis-

ease when plasma-derived factor VIII/vWF concentrates are un-
available in a timely manner (76, 79). As cryoprecipitates also 
contain haemagglutinins, intravenous haemolysis can occur if 
large volumes of incompatible cryoprecipitate are administered 
(76).  

Plasma-derived factor XI concentrates have been available to 
treat the relatively rare congenital factor XI deficiency, es-
pecially in affected patients undergoing major surgery (80–83). 
Thrombotic complications as well as the development of actor 
XI-neutralizing antibodies have been reported in 10% of patients 
treated with factor XI concentrates (80–84). Recombinant factor 
VIIa was used to provide effective haemostasis in congenital fac-
tor XI-deficient patients who developed factor XI inhibitors 
(84). Plasma-derived factor XIII concentrates have also been 
available to treat the extremely rare but severe bleeding associ-
ated with homozygous factor XIII deficiency (85–87). No ad-
verse events associated with the clinical use of congenital factor 
XIII deficiency have been reported. 

Topical haemostatic agents 
Excessive blood loss occurring during some major surgeries can 
be controlled by a variety of methods, including mechanical and 
thermal techniques as well as pharmacotherapies and topical 
agents (5, 88–92). For controlling brisker bleeding, topical hae-
mostatic agents and fibrin sealants derived from plasma contain-
ing fibrinogen, thrombin and other clotting factors are useful ad-
juncts when mechanical and thermal haemostatic methods fail. 
In cases of oozing or minor bleeding in surgical procedures and 
trauma, use of haemostats comprising components of the normal 
clotting cascade has become a part of normal surgical routine 
(93). Numerous topical haemostatic agents are used in minor 
surgical bleeding, and their components and mechanisms of ac-
tion differ greatly (94). Some topical haemostatic agents are con-
sidered passive, largely providing a barrier scaffold for the ag-
gregation of platelets and subsequent soft clot formation. Other 
topical haemostatic agents, such as topical bovine thrombin are 
considered active as they directly participate in blood coagu-
lation and platelet and cell activation. Topical bovine thrombin 
was first used as a topical haemostatic agent to treat surface 
bleeding in the 1930s, and its use became more widespread in the 
US after receiving Food and Drug Administration (FDA) appro-
val in the late 1970s (95). In August 2007 and January 2008 the 
FDA approved human-plasma derived topical and recombinant 
human thrombin, respectively. Both were demonstrated in non-
inferiority phase III trials to have equivalent safety and efficacy 
profiles as topical bovine thrombin (96, 97). Absorbable passive 
haemostatic agents have been available since the 1940s and are 
useful therapy during surgical procedures when conventional 
methods, such as ligature or the application of pressure, do not 
effectively control bleeding (98). 

The first step in the manufacture of topical thrombin is the 
preparation of a crude concentrate containing factors VII, IX and 
X and prothrombin by adsorption of plasma or the plasma frac-
tions from Cohn-Oncley fractionation onto insoluble barium 
salts or by ‘batch adsorption’ of plasma with an anion exchanger. 
Both approaches are followed by elution the four vitamin-K de-
pendent proteins (76, 99–101). Prothrombin activation is then 
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initiated with tissue thromboplastin or the factor X activator 
from Russell’s viper venom (102, 103). The thrombin generated 
is then purified using cation-exchange chromatography (104–106). 

Patients exposed to topical bovine thrombin preparations or 
other haemostatic agents containing bovine thrombin may devel-
op antibodies to bovine thrombin, factor V and other proteins in 
these topical preparations (107). Some human anti-bovine anti-
bodies generated after patient perioperative exposures to topical 
bovine thrombin can cross-react with autologous human coagu-
lation proteins to cause coagulopathies (108–110). Generation 
of other human anti-bovine antibodies has also been reported, in-
cluding antibodies to galactose-α1-3 galactose, a disaccharide 
foreign to humans (111). However, anti-galactose-α1-3 gal-
actose antibodies are also found in individuals who have never 
been exposed to topical bovine thrombin. In randomized control 
trials that compared the efficacy and safety of topical bovine and 
human thrombin, generation of anti-product antibodies were un-
related to postoperative development of adverse events in the pa-
tients (96, 97). 

Intravenous immunoglobulin 
Intravenous immunoglobulin (IVIG) is used widely including 
treatment of primary and secondary immunoglobulin deficiency 
diseases, infectious complications in various clinical states and 

following its initial use by Imbach in 1981 to treat idiopathic 
threombocytopenic purpura (ITP), it has been used in a number 
of autoimmune diseases (112, 113). Consensus groups have 
identified the haemostatic disorders for which IVIG can be con-
sidered a first-line treatment (Table 2) and as a consequence of 
the increasing use of IVIG for many indications, new evidence-
based guidelines for the use of IVIG in haematologic and neur-
ologic disorders have recently been published (114–117). 

Immunoglobulin for clinical use was first isolated more than 
50 years ago by Cohn as a plasma fractionation product. Prophy-
lactic intramuscular administration of immunoglobulin became 
the first-line treatment for patients with an inherited deficiency 
of circulating immunoglobulin G (IgG) in the 1950s and 1960s 
(112, 114, 118, 119). These preparations could not, however, be 

Table 2: Disorders of haemostasis in which intravenous immu-
noglobulin is considered first-line treatment (110). 

 Idiopathic thrombocytopenic purpura (ITP) 
Fetal thrombocytopenia and neonatal alloimmune thrombocytopenia 
 Acquired haemophilias 
 Acquired von Willebrand disease 
HIV-associated thrombocytopenia 
 Post-transfusion purpura 
 ITP in pregnancy 

 

Figure 2: General processes for the isolation of IVIG from human plasma pools, indicating specific steps in which pathogens can be 
inactivated or removed. Adapted from Miller et al. 2001 (122). 
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given intravenously (IV) because they contained immunoglobu-
lin aggregates and other impurities capable of activating comple-
ment, causing severe adverse reactions, including anaphylaxis 
(120). Modifications to the manufacturing process in 1979 led to 
the first safe IV form of intact immunoglobulin (IVIG) that was 
therapeutically effective with a low incidence of adverse reac-
tions (104, 109). Currently, IVIG is produced from large pools of 
human plasma processed so that the final IVIG preparation con-
tains primarily IgG with trace amounts of IgA and IgM (112, 
116, 119–121). The IVIG is then concentrated (typically by 
ultrafiltration) and formulated for clinical use. Excipients are 
added to ensure product stability during storage (122).  

In addition to the previously described donor screening pro-
cesses to reduce transmission of pathogens, IVIG undergoes pa-
thogen inactivation/reduction processes as summarized in Fig-
ure 2 (122–129). The effects of pathogen reduction measures on 
the stability of plasma-derived therapeutic producing proteins 
must always be evaluated on a product-by-product basis (pas-
teurization, for example, may render IVIG inactive), and con-
sideration must also be given to reductions in yield that can result 
from such processes (122).  

Although all IVIG preparations contain IgG (predominantly 
monomeric IgG and in subclass proportions reflecting normal 
human IgG [130]), differences in the methods of their production 
and their composition may affect their efficacy, tolerability and 
adverse events profiles (131). Differences in basic fractionation 
methods and the processes for product stabilization, virus inacti-
vation and removal can yield in products with significant differ-
ences in antibody content, subclass distribution and electropho-
retic profiles. It thus became necessary for the WHO Expert 
Committee on Biologic Standardization to provide guidelines 
for IVIG products (Table 3) (124, 132). IVIG preparations are 
not routinely tested for antibody titre, affinity or function (133, 
134). The concentration of the product (usually available as a 5% 
or a 10% solution) determines the volume load and time required 
for administration, which can be a consideration for some patient 
populations, and the storage temperatures vary from product to 
product (134). Sugars are added to some preparations to prevent 
aggregate formation, but significant adverse events, including 
renal failure and renal insufficiency, can result, particularly in 
older patients with diabetes mellitus, hypertension, prior renal 
dysfunction, sepsis, volume depletion or paraproteinemia or in 
patients on low salt diets (124, 134). The presence of sodium, 
sugars, amino acids means that osmolarities of these prepara-
tions can be higher than physiologic osmaolarity. Therefore, care 
must be taken to avoid rapid infusion of hyperosmolar solutions 
to minimize fluid shifts after IVIG administration. Other charac-

teristics that may influence properties of IVIG include pH, IgA 
content, isohaemagglutinin antibodies (124). 
Indicated uses for IVIG in haemostatic disorders are shown in 
Table 2. The literature on which these recommendations are 
based has been recently outlined (115, 116). It should be noted 
that IVIG is not recommended for the treatment of heparin-in-
duced thrombocytopenia (HIT) or for thrombotic thrombocyto-
penic purpura (TTP)/haemolytic uraemic syndrome (HUS). 
IVIG has also been used in the treatment of ITP and in the man-
agement of patients with severe acquired haemophilia A with in-
hibitors (136, 142, 143). The successful use of IVIG to treat pa-
tients with acquired haemophilia A has been attributed to the 
presence in IVIG of anti-idiotypic antibodies against idiotypes 
expressed by anti–factor VIII autoantibodies (135–143). Natural 
anti-factor VIII antibodies have been reported in the plasmas of 
up to 20% of normal blood donors and in plasma pools made 
from normal blood donors (136, 142, 143). 

Plasma-derived anti-D is also used in the treatment of ITP. 
Whereas IVIG preparations are made from pools of human plas-
ma collected from 3,000 to 10,000 donor units of plasma per lot, 
anti-D consists of IgG isolated from the plasma of donors immu-
nized with the D-antigen intentionally or during prior pregnancy 
(130). Anti-D was first used in the early 1980s by Salama et al. to 
treat patients with ITP (144), and it can be used at lower doses 
than IVIG. While anti-D and IVIg appear to have similar efficacy 
in appropriate patients with ITP, anti-D is effective only in un-
splenectomized Rh-positive patients. Anti-D has been suggested 
to be more effective than IVIG for HIV-associated ITP (145). 

The mechanism of action of these two plasma-derived immu-
nomodulatory agents in ITP remains unclear, but both IVIG and 
anti-D can block the function of the reticuloendothelial system to 
modulate immune responses in man and in animal modes (130, 
146–159). The clinical efficacy of IVIG likely results from a 
combination of modulation of the expression and function of Fc 
receptors, interference with the activation of complement and 
cytokine network, provision of anti-idiotypic antibodies, regu-
lation of cell growth, and effects on the activation, differenti-
ation, and effector functions of T and B cells. Optimal immuno-
mudulatory effects require the infused IgG to be intact and func-
tional. Further work is required to understand how these prod-
ucts work, but, given the potential for product shortages and cost, 
recent studies have examined the use of monoclonal antibodies 
as alternatives to IVIG and anti-D in murine models (159). 

Unpredictable and unavoidable adverse reactions are a con-
cern with IVIG products, although it is unclear whether such 
reactions result from the IVIG, the underlying disease or a com-
bination (146). Minor and infusion-related adverse events, 
which seem to be systemic in nature, include headache, chills, 
flushing, low backache/hip pain, abdominal pain/cramps, myal-
gia/arthralgia, tachycardia, nausea, vomiting, dyspnoea, hypo-
tension, diaphoresis, anxiety, and infusion site pain (145, 160). 
Serious adverse reactions are rare and occur more frequently in 
adults with autoimmune disease, so they may be related to high-
dose therapy or comorbid conditions (160–163). Rare immunog-
lobulin-related complications include acute Coombs’ haemoly-
sis, neutropenia and increases in blood viscosity resulting in 
thromboembolic events (153, 161). Non-haematologic compli-
cations include transient increases in levels of serum creatinine, 

Table 3: Guidelines of the WHO Expert Committee on Biologic 
Standardization for IVIG products (128). 

Immunoglobulin must 
– Be as unmodified as possible  
– Maintain its biological function (opsonic activity,    complement fixation,  
 Fc receptor binding) 
– Contain certain levels of specific antibody 
– Meet accepted safety standards 
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eczema, alopecia and erythema multiforme (161). Serious ad-
verse reactions may include aseptic meningitis, anaphylaxis and 
thromboembolic events (153). IVIG-mediated anaphylaxis is 
rare, and anaphylactoid reactions secondary to aggregates are 
not seen (161). Systemic symptoms may be prevented and man-
aged by starting with a slow infusion rate and reducing the infu-
sion rate if a reaction occurs, treating with an antipyretic agent 
and an antihistamine, premedicating with an antipyretic agent 
and an antihistamine in patients who have had multiple reactions, 
treating or premedicating with steroids or switching to an alter-
native brand of IVIG (161). Recently, there have been several re-
ports of severe intravascular haemolysis with anti-D and IVIG 
treatment for ITP (161–164); the mechanism for these reactions 
remains unclear. 

Conclusions 
A wide variety of biological medicines derived from human or 
animal plasmas and important for haemostasis are available 
today and efficacious in many indications. These therapeutic 
proteins are non-self, and thus could and do elicit immune re-
sponses, although the clinical consequences of immunogenicity 
vary considerably, ranging from no effect to serious adverse ef-
fects. For instance, antibodies directed against human plasma-
derived factor VIII and factor IX develop in some patients treated 
with either product, with continued use (for prophylaxis or treat-
ment), possibly increasing the titre of these problematic anti-
bodies. Although patients with low levels of inhibitors may re-
spond effectively to more frequent or higher doses of factor VIII 

or IX concentrates, alternative approaches, such as aPCC, rec-
ombinant factor VIIa and immune tolerance induction, may be 
needed in subset of patients with high levels of factor inhibitors. 
Similarly, patients exposed to topical thrombin preparations may 
develop antibodies to bovine thrombin, factor V and other pro-
teins found in some topical bovine thrombin preparations. Some 
of these antibodies have been reported to cause haemorrhagic 
complications in a small number of patients, relative to the large 
number of patients that are exposed to topical bovine thrombin. 
Intravenous immunoglobulin has many clinical uses, being ef-
fective in antibody-deficiency diseases and autoimmune and in-
flammatory diseases, possibly because of normalization of im-
munoregulatory pathways. Unpredictable and unavoidable ad-
verse reactions are a concern with IVIG products, with a variety 
of minor and infusion-related adverse events and some rare seri-
ous adverse reactions, particularly in patients with autoimmune 
diseases. 

Any therapeutic product derived from blood or plasma has 
the potential to transmit human pathogens. A variety of strategies 
are implemented during biological sourcing and manufacturing 
to minimize the infectivity of products derived from human and 
animal plasmas. These strategies have dramatically reduced the 
infectivity of plasmas and plasma-derived products, enabling 
many patients to benefit from these important and effective bio-
logical medicines with minimal risk of adverse outcomes. Re-
gardless of whether a biopharmaceutical protein is derived from 
human or animal plasmas or is manufactured using recombinant 
technology, some immunogenic reactions with variable clinical 
consequences can be expected. 

ombinant coagulation factor VIII products. London: 
European Agency for the Evaluation of Medicinal 
Products, 2000. 
21. Chtourou S, Porte P, Nogre M, et al. A solvent/de-
tergent-treated and 15 nm filtered factor VIII: a new 
safety standard for pharma-derived coagulation factor 
concentrates. Vox Sang 2007; 92: 327–337. 
22. Burdick MD, Pifat DY, Petteway Jr SR, et al. Clear-
ance of prions during plasma protein manufacture. 
Transfusion Med Rev 2006; 20: 57–62. 
23. Scandella D, Gilbert GE, Shima M, et al. Some fac-
tor VIII inhibitor antibodies recognise a common epi-
tope corresponding to C2 domain amino acids 2248 
through 2312, which overlap a phospholipid-binding 
site. Blood 1995; 86: 1811–1819. 
24. Scandella DH, Nakai H, Felch M, et al. In hemo-
philia A and autoantibody inhibitor patients: the factor 
VIII A2 domain and light chain are most immunogenic. 
Thromb Res 2001; 101: 377–385. 
25. Lacroix-Desmazes S, Misra N, Bayry J, et al. Auto-
antibodies to factor VIII. Autoimmunity Rev 2002; 1: 
105–110. 
26. The Haemophilia Society. An introduction to hae-
mophilia and related bleeding disorders. London: The 
Haemophilia Society, 2004. 
27. Chandra S, Groener A, Feldman F. Effectiveness of 
alternative treatments for reducing portenilal viral con-
taminants from plasma-derived products. Thromb Res 
2002; 105: 391–400. 
28. Baxter Healthcare. Hemofil M. Antihemophilic 
factor (human): method M, monoclonal purified. West-
lake Village, CA, USA: Baxter Healthcare Corpor-
ation, 2002. 

11. Palleroni AV, Aglione A, Baillon P, et al. Interferon 
immunogenicity: preclinical evaluation of inter-
feron-α2a. J Int Cytokine Res 1997; 7: S23–27. 
12. Klein HG. Pathogen inactivation technology: 
cleansing the blood supply. J Intern Med 2004; 257: 
224–237. 
13. Cai K, Gierman TM, Hotta J, et al. Ensuring the bi-
ologic safety of plasma-derived therapeutic proteins. 
Detection, inactivation, and removal of pathogens. Bio-
drugs 2005; 19: 79–96. 
14. Food and Drug Administration. Guide to inspec-
tions of viral clearance processes for plasma deriva-
tives. Available at: www.fda.gov/ora/inspect_ref/igs/
viralcl.html. Accessed 18 April 2007. 
15. Kumar A, Kulkarni R, Murray DL, et al. Serologic 
markers of viral hepatitis A, B, C, and D in patients with 
hemophilia. J Med Virol 1993; 41: 205–209. 
16. Skidmore SJ, Pasi KJ, Mawson SJ, et al. Serological 
evidence that dry heating of clotting factor concen-
trates prevents transmission of non-A, non-B hepatitis. 
J Med Virol 1990; 30: 50–52. 
17. Aledort LM, Levine PH, Hilgartner M, et al. A 
study of liver biopsies and liver disease among hemo-
philiacs. Blood 1985; 66: 367–372. 
18. Tabor E. The epidemiology of virus transmission 
by plasma derivatives: clinical studies verifying the 
lack of transmission of hepatitis B and C viruses and 
HIV type 1. Transfusion 1999; 39: 1160–1168.  
19. Burnouf T, Radosevich M. Nanofiltration of plas-
ma-derived biopharmaceutical products. Haemophilia 
2003; 9: 24–37. 
20. Committee for Human Medicinal Products 
(CPMP). Core SPC for human plasma- derived and rec-

References 
1. Shankar G, Pendley C, Stein KE. A risk-based bioa-
nalytic strategy for the assessment of antibody re-
sponses against biological drugs. Nat Biotechol 2007; 
25: 555–561. 
2. Chamberlain P, Mire-Sluis AR. An overview of 
scientific and regulatory issues for the immunogenicity 
of biological products. Dev Biol 2003; 112: 3–11. 
3. Chalmers EA, Brown SA, Keeling D, et al. Early 
factor VIII exposure and subsequent inhibitor develop-
ment in children with severe haemophilia A. Hae-
mophilia 2007; 13: 149–155. 
4. Schellekens H. Immunogenicity of therapeutic pro-
teins. Nephrol Dial Transplant 2003; 8: 1257–1259. 
5. Lamm P, Adelhard K, Juchem G, et al. Fibrin glue 
in coronary artery bypass grafting procedures: casting 
out the Devil with Beelzebub. Eur J Cardio Thorac Surg 
2007; 32: 567–572. 
6. Schellekens H. Factors influencing the immunoge-
nicity of therapeutic proteins. Nephrol Dial Transplant 
2005; 20 (Suppl 6): vi3–9. 
7. Porter S. Human immune response to recombinant 
human proteins. J Pharm Sci 2001; 90: 1–11. 
8. Koren E, Zuckerman LA, Mire-Sluis AR. Immune 
responses to therapeutic proteins in humans – clinical 
significance, assessment and prediction. Curr Pharm 
Biotechnol 2002; 3: 349–360. 
9. Reeves WG. The immune response to insulin: char-
acterisation and clinical consequences. In: Diabetes 
Annual 2. Amsterdam: Elsevier, 1986. 
10. Stubbe P. In: Incidence of growth hormone anti-
bodies and presumed growth-attenuating antibodies in 
relation to various pituitary growth hormone prepara-
tions. Munich: Urban & Schwarzenberg, 1993: 92–99. 

C
ur

re
nt

 u
se

 o
f b

io
lo

gi
ca

ls

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.234



Ofosu et al. Plasma-derived biological medicines

860

29. ZLB Behring LLC. Antihemophilic factor 
(human): Monoclate-P®. Kankakee, IL: ZLB Behring 
LLC, 2004. 
30. Peerlinck K, Hermans C. Epidemiology of inhibitor 
formation with recombinant factor VIII replacement 
therapy. Haemophilia 2006; 12: 579–590. 
31. European Agency for the Evaluation of Medicinal 
Products. Report of expert meeting on factor VIII prod-
ucts and inhibitor development. London: European 
Agency for the Evaluation of Medicinal Products, 
2007. 
32. Key NS. Inhibitors in congenital coagulation dis-
orders. Br J Haematol 2004; 127: 379–391. 
33. Bohn RL, Aledort LM, Putnam KG, et al. The econ-
omic impact of factor VIII inhibitors in patients with 
haemophilia. Haemophilia 2004; 10: 63–68.  
34. Tamura K, Kanazawa T, Suzuki M, et al. Successful 
induction of immune tolerance by continuous infusion 
of recombinant factor VIII in a haemophilia A patient 
with high inhibitor titres. Haemophilia 2006; 12: 
100–102. 
35. Wight J, Paisley S. The epidemiology of inhibitors 
in haemophilia A: a systematic review. Haemophilia 
2003; 9: 418–435. 
36. Schellekens H, Casadevall N. Immunogenicity of 
recombinant human proteins: causes and con-
sequences. J Neurol 2004; 251 (Suppl 2): II/4–9. 
37. Holme PA, Brosstad F, Tjønnfjord GE. Acquired 
haemophilia: management of bleeds and immune ther-
apy to eradicate autoantibodies. Haemophilia 2005; 11: 
510–515. 
38. Hay CR, Negrier C, Ludlam CA. The treatment of 
bleeding in acquired haemophilia with recombinant 
factor VIIa: a multicentre study. Thromb Haemost 
1997; 78: 1463–1467. 
39. Sjamsoedin LJ, Heijnen L, Mauser-Bunschoten EP, 
et al. The effect of activated prothrombin-complex con-
centrate (FEIBA) on joint and muscle bleeding in pa-
tients with hemophilia A and antibodies to factor VIII. 
A double-blind clinical trial. N Engl J Med 1981; 305: 
717–721. 
40. Negrier C, Goudemand J, Sultan Y, et al. Multi-
center retrospective study on the utilization of FEIBA 
in France in patients with factor VIII and factor IX in-
hibitors. Thromb Haemost 1997; 77: 1113–1119. 
41. Yee TT, Taher A, Pasi KJ, Lee CA. A survey of pa-
tients with acquired haemophilia in a haemophilia 
centre over 28-year period. Clin Lab Haem 2000; 22: 
275–278. 
42. Grünewald M, Beneke H, Guthner C, et al. Ac-
quired haemophilia: experiences with a standardized 
approach. Haemophilia 2001; 7: 164–169. 
43. Sallah S. Treatment of acquired haemophilia with 
factor eight inhibitor bypassing activity. Haemophilia 
2004; 10: 169–173. 
44. The Haemophilia Society. Inhibitors. London: The 
Haemophilia Society, 2005. 
45. Chang H, Mody M, Lazarus AH, et al. Platelet acti-
vation induced by porcine factor VIII (HYATE:C). Am 
J Hematol 1998; 57: 200–205. 
46. Freedman J, Rand ML, Russell O, et al. Immunoad-
sorption provides a cost-effective approach to manage-
ment of patients with inhibitors to factor VIII. Trans-
fusion 2003; 43: 1508–1513. 
47. Freedman J, Garvey MB. Immunoadsorption of 
factor VIII inhibitors. Curr Opin Hematol 2004; 11: 
327–333. 
48. Tjønnfjord GE. Activated prothrombin complex 
concentrate (FEIBA®) treatment during surgery in pa-
tients with inhibitors to FVIII/IX: the updated Norwe-
gian experience. Haemophilia 2004; 10 (Suppl 2): 
41–45. 

highly purified factor IX concentrate compared to a 
prothrombin complex concentrate. Br J Haematol 
1993; 84: 274–284. 
68. Committee for Proprietary Medicinal Products 
(CPMP). Core SPC for human plasma derived and rec-
ombinant coagulation factor IX products. London: 
European Agency for the Evaluation of Medicinal 
Products, 2000. 
69. Lawlor E, Graham S, Davidson F, et al. Hepatitis A 
transmission by factor IX concentrates. Vox Sang 1996; 
71: 126–128. 
70. Schulman S, Wallensten R, White B, et al. Efficacy 
of a high purity, chemically treated and nanofiltered 
factor IX concentrate for continuous infusion in hae-
mophilia patients undergoing surgery. Haemophilia 
1999; 5: 96–100. 
71. Evans G, Collett M, Came N, et al. MonoFIX-VF, a 
new mono-component factor IX concentrate: a single-
centre continuous-infusion study. Haemophilia 2002; 
8: 635–638. 
72. Zakarija A. Factor IX replacement in surgery and 
prophylaxis. Blood Coagul Fibrinolysis 2004; 15 
(Suppl 2): S5–7. 
73. Ewenstein BM, Joist JH, Shapiro AD, et al. Phar-
macokinetic analysis of plasma-derived and recom-
binant factor IX concentrates in previously treated pa-
tients with moderate or severe hemophilia B. Trans-
fusion 2002; 42: 190–197. 
74. Parquet A, Laurian Y, Rothschild C, et al. Incidence 
of factor IX inhibitor development in severe haemophi-
lia B patients treated with only one brand of high purity 
plasma derived factor IX concentrate. Thromb Hae-
most 1999; 82: 1247–1249. 
75. Ruiz-Sáez A, Hong A, Arguello A, et al. Phar-
macokinetics, thrombogenicity and safety of a double 
viral inactivated factor IX concentrate compared with a 
prothrombin complex concentrate. Haemophilia 2005; 
11: 583–588. 
76. Lopez-Plaza I. Cryoprecipitate component char-
acteristics: its uses and complications. Transfusion 
Medicine Update 1995; March: 1–3. Available at: 
www.itxm.org/tmu1995/tmu3–95.htm. Accessed April 
22, 2007. 
77. Federici AB, Castaman G, Franchini M, et al. Clini-
cal use of Haemate P in inherited von Willebrand’s dis-
ease: a cohort study of 100 Italian patients. Haemato-
logica 2007; 92: 944–995. 
78. Favaloro EJ, Lloyd J, Rowell J, et al. Comparison of 
the pharmacokinetics of two von Willebrand factor 
concentrates [Biostate and AHF (High Purity)] in 
people with von Willebrand disorder. A randomized 
cross-over, multicentre study. Thromb Haemost 2007; 
97: 922–930. 
79. Kelley DL. Update on plasma and cryoprecipitate 
infusion. Transfusion Medicine Update 2004;1:1–4. 
Available at: www.itxm.org/tmu2004/issue2004 
–1.htm. Accessed August 7, 2007. 
80. Mannucci PM, Bauer KA, Santagostino E, et al. 
Activation of coagulation cascade after infusion of fac-
tor XI concentrate in congenitally deficient patients. 
Blood 1994; 84: 1314–1319. 
81. Blanchard N, Jeanjean P, Lapoointe F, et al. Factor 
XI deficiency, a new way of substitution: human puri-
fied concentrate. Ann Fr Anesth Reamin 1996; 15: 
1207–1210. 
82. Richards EM, Markis MM, Cooper P, et al. In vivo 
coagulation activation following infusion of highly 
purified factor XI concentrates. Br J Haematol 1997; 
96: 293–297. 
83. Solomon O, Seligsohn U. New observations on fac-
tor XI deficiences. Haemophilia 2004; 10 (Suppl 4): 
184–187. 
84. Lawler P, White B, Pye S, et al. Successful use of 
recombinant factor VIIa in a patient with inhibitor sec-

49. Luu H, Ewenstein B. FEIBA® safety profile in 
multiple modes of clinical and home-therapy appli-
cation. Haemophilia 2004; 10 (Suppl 2): 10–16. 
50. Astermark J, Donfield SM, DiMichele DM, et al. A 
randomised comparison of bypassing agents in hemo-
philia complicated by an inhibitor: the FEIBA Novo-
Seven Comparative Study. Blood 2007; 109: 546–551. 
51. Astermark J, Rocino A, von Depka M, et al. Current 
use of by-passing agents in Europe in the management 
of acute bleeds in patients with haemophilia and in-
hibitors. Haemophilia 2007; 13: 38–45. 
52. Mannucci PM, Abshire T, DiMichele D, et al. In-
hibitor development, immune tolerance and prophylax-
is in haemophilia A – the need for an evidence-based 
approach. Haemophilia 2006; 12: 429–434. 
53. Mariani G, Kroner B. International immune toler-
ance registry, 1997 update. Vox Sang 1999; 77 (Suppl): 
25–27. 
54. Lenk H. The German registry of immune tolerance 
treatment in haemophilia–1999 update. Haematologica 
2000; 85 (Suppl): 45–47. 
55. DiMichele D, Droner B. The maintenance of toler-
ance after successful immune tolerance induction in 
hemophilia A and B: the North American Registry. 
Haematologica 2000; 85 (Suppl): 40–42. 
56. Hodge G, Saxon B, Revesz T. Effect of factor VIII 
concentrate on leucocyte cytokine receptor expression 
in vitro: relevance to inhibitor formation and tolerance 
induction. Haemophilia 2006; 12: 133–139. 
57. Ettingshausen CE, Kreuz W. Role of von Wille-
brand factor in immune tolerance induction. Blood Co-
agul Fibrinolysis 2005; 16 (Suppl): S27–31. 
58. Kreuz W. Immune tolerance induction (ITI) in hae-
mophilia A patients with inhibitors as the choice of 
concentrate affecting success. Haematologica 2001; 
86: 16–20. 
59. Mannucci PM, Gringeri A, Peyvandi F, Santagosti-
no E. Factor VIII products and inhibitor developement: 
the SIPPET Study (survey of inhibitors in plasma-
products exposed to toddlers). Haemophilia 2007; 13 
(Suppl 5): 65–68. 
60. Goudemand J. Inhibitor development in haemophi-
lia A: the role of von Willebrand factor/factor VIII con-
centrates. Haemophilia 2007; 13 (Suppl 5): 47–51. 
61. Greninger DA, Saint-Remy JM, Jacquemin M, et 
al. The use of factor VIII/von Willebrand factor concen-
trate for immune tolerance induction in haemophilia A 
patients with high-titre inhibitors: association of clini-
cal outcome with inhibitor profile. Haemophilia 2007; 
epub ahead of print. 
62. Kurth MA, Dicmichele D, Sexauer C, et al. Im-
mune tolerance therapy utilizing factor VIII/von Wille-
brand factor concentrate in haemophilia A patients with 
high titre factor VIII inhibitors. Haemophilia 2007; 14: 
5–55. 
63. Gringeri A, Musso R, Mazzucconi MG, et al., 
RITS-FITNESS Study Group. Immune tolerance in-
duction with a high purity von Wiollebrand factor/fac-
tor VIII complex concentrate in haemophilia A patients 
with inhibitors at high risk of poor response. Hae-
mophilia 207; 13: 373–379. 
64. Goudemand J, Peyneet J, Chambost H, et al. A 
cross-over pharmacokinetic study of a double viral in-
activated factor IX concentrate (15 nm filtration and 
SD) compared to a SD factor IX concentrate. Thromb 
Haemost 1998; 80: 919–924. 
65. Burnouf T, Michalsk C, Goudemand M, et al. Prop-
erties of highly purified human plasma factor IX:C 
therapeutic concentrate prepared by conventional chro-
matography. Vox Sang 1989; 57: 225–232. 
66. Pipe S. Recombinant clotting factors. Thromb Hae-
most 2008; 99: 840-850. 
67. Hampton KK, Preston FE, Lowe GDO, et al. Re-
duced coagulation activation following infusion of a 

C
ur

re
nt

 u
se

 o
f b

io
lo

gi
ca

ls

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.234



Ofosu et al. Plasma-derived biological medicines

861

ondary to severe factor XI deficiency. Haemophilia 
2002; 8: 145–148. 
85. Winkelman L, Sims GE, Haddon ME, et al. A pas-
teurized concentrate of human plasma factor XIII for 
therapeutic use. Thromb Haemost 1996; 55: 402–405. 
86. Daly HM, Haddon ME. Clinical experience with a 
pasteurized human plasma concentrate in factor XIII 
deficiency. Thromb Haemost 1988; 59: 171–174. 
87. Gootenberg JE. Factor concentrates for the treat-
ment of factor XIII deficiency. Curr Opin Hematol 
1998; 5: 372–375. 
88. Tomizawa Y. Clinical benefits and risk analysis of 
topical hemostats: a review. J Artif Organs 2005; 8: 
137–142. 
89. Canonico S. The use of human fibrin glue in the 
surgical operations. Acta Biomed 200; 74 (Suppl 2): 
21–25. 
90. Jackson MR, MacPhee MJ, Drohan WM, et al. Fi-
brin sealant current and potential clinical applications. 
Blood Coagul Fibrinolysis 1996; 7: 737–746. 
91. Mintz PD, Mayers L, Avery N, et al. Fibrin sealant: 
clinical use and the development of the University of 
Virginia Tissue Adhesive Center. Ann Clin Lab Sci 
2001; 31: 108–118. 
92. Muntean W, Zanz W, Edinger C, et al. Severe bleed-
ing due to factor V inhibitor after repeated operations 
using fibrin sealant containing bovine thrombin. 
Thromb Haemost 1997; 77: 1233. 
93. Nelson PA, Powers JN, Estridge TF, et al. Serologi-
cal analysis of patients treated with a new surgical he-
mostat containing bovine proteins and autologous plas-
ma. J Biomed Mater Res 2001; 58: 710–719. 
94. Schoenecker JG, Johnson RK, Fields RC, et al. 
Relative purity of thrombin-based hemostatic agents 
used in surgery. J Am Coll Surg 2003; 197: 580–590. 
95. Lawson JH. The clinical use and immunological 
impact of thrombin in surgery. Semin Thromb Hemost 
2006; 32 (Suppl 1): 98–100. 
96. Evithrom® Prescribing Information. Kiryat Ono, 
Israel: OMRIX biopharmaceuticals Ltd.; 2007. 
97. Chapman WC, Singla N, Genyk Y, et al. A phase 3, 
randomized double-blind comparative study of the ef-
ficacy and safety of topical recombinant human throm-
bin and bovine thrombin in surgical hemostasis. J Am 
Coll Surg 2007; 206: 256–265. 
98. Gabay M. Absorbable haemostatic agents. Am J 
Health-Syst Pharm 2006; 63: 1244–1253. 
99. Jenny R, Church W, Odegaard B, et al. Purification 
of six human vitamin K-dependent proteins in a single 
chromatographic step using immunoaffinity columns. 
Prep Biochem 1986; 16: 227–245. 
100. Flengsrud R. Purification and some character-
istics of the human coagulation factor VII. Eur J Bio-
chem 1979; 98: 455–464. 
101. Suomela H, Myllyla G, Raaska E. Preparation and 
properties of a therapeutic factor IX concentrate. Vox 
Sang 1977; 33: 37–50. 
102. Lawson JH, Kalafatis M, Stram S, et al. A model 
for the tissue factor pathway to thrombin. 1. An empiri-
cal study. J Biol Chem 1994; 269: 23357–23366. 
103. Radcliffe RD, Barton PG. Comparisons of the mo-
lecular forms of activated bovine factor X. Properties 
of activation with Russell’s viper venom, insoluble 
trypsin, sodium citrate, tissue factor, and the intrinsic 
system. J Biol Chem 1973; 248: 6788–6795. 
104. Lundblad RL. A rapid method for the purification 
of bovine thrombin and inhibition of the purified 
enzyme with phenylmethylsulfonyl fluoride. Biochem-
istry 1971; 10: 2501–2506. 
105. Church FC, Winna HC. Rapid sulfopropyl-disk 
chromatographic purification of bovine and human 
thrombin. Anal Biochem 1986; 157: 77–83. 
106. Griffith MJ. Covalent modification of human 
alpha-thrombin with pyrioxal-5’-phosphate. Effect of 

126. Korneyeva M, Hotta J, Lebing W, et al. Enveloped 
virus inactivation by caprylate: a robust alternative to 
solvent-detergent treatment. Biologicals 2002; 30: 
153–162. 
127. Mitra G, Dobkin M. Inactivation of viruses during 
preparation of immunoglobulins in biotechnology of 
plasma proteins. In: Paris: Colloques Inserm, 1989: 
405–412. 
128. Bos OMB, Sunye DGJ, Nieuweboer CEF, et al. 
Virus validation of pH 4-treated human immunoglobu-
lin products produced by the Cohn fractionation pro-
cess. Biologicals 1998; 26: 267–276. 
129. Reid KG, Cuthbertson B, Jones ADL, et al. Poten-
tial contribution of mild pepsin treatment at pH 4 to the 
viral safety of human immunoglobulin products. Vox 
Sang 1988; 55: 75–80. 
130. Lazarus AH, Crow AR. Mechanism of action of 
IVIG and anti-D in ITP. Transfusion Apheresis Sci 
2003; 28: 249–255. 
131. Siegel J. Viral safety issues in IVIG products. P&T 
1996; 21S-24S. 
132. World Health Organization. Appropriate use of 
human immunoglobulin in clinical practice: memoran-
dum from an IUIS/WHO meeting. Bull WHO 1982; 
60: 43–47. 
133. Hetherington SV, Giebink GS. Opsonic activity of 
immunoglobulin prepared for intravenous use. J Lab 
Clin Med 1984; 104: 977–986. 
134. Schoeder DD, Tankersley DL, Lundblad JL. A new 
preparation of modified immune serum globulin 
(human) suitable for intravenous administration. II. 
Functional characterization. Vox Sang 1981; 40: 
383–394. 
135. Sultan Y, Kazatchkine MD, Maisonneuve P, et al. 
Anti-idiotypic suppression of autoantibodies to factor 
VIII (antihaemophilic factor) by high-dose intravenous 
gammaglobulin. Lancet 1984; 2: 765–768. 
136. Sultan Y, Rossi F, Kazatchkine M. Anti idiotypic 
recognition of auto and allo antibodies to factor VIII by 
immunoglobulin preparations from single blood do-
nors and large plasma pool. Folia Haematol Int Mag 
Klin Morph Blutforsch 1990; 117: 539–543. 
137. Sultan Y, Kazatchkine MD, Nydegger U, et al. In-
travenous immunoglobulin in the treatment of sponta-
neously acquired factor VIII:C inhibitors. Am J Med 
1991; 91: 355–395. 
138. Sultan Y, Nydegger U, Kazatchkine MB, et al. IVIg 
in the treatment of patients with factor VIII inhibitors. 
Adv Exp Med Biol 1995; 386: 185–189. 
139. Dietrich G, Algiman M, Sultan Y, et al. Origin of 
anti-idiotypic activity against anti-factor VIII anti-
bodies in pools of normal human immunoglobulin G 
(IVIg). Blood 1992; 79: 2946–2951. 
140. Schwartz RS, Gabriel DA, Aledort LM, et al. A 
prospective study of treatment of acquired (auto-
immune) factor VIII inhibitors with high-dose intra-
venous immunoglobulin. Blood 1995; 86: 797–804.  
141. Yamamoto K, Takamatsu J, Saito H. Intravenous 
immunoglobulin therapy for acquired coagulation in-
hibitors: a critical review. Int J Hematol 2007; 85: 
287–293. 
142. Di Giambattista M, Brankaert T, Lamb R. Map-
ping of natural anti-factor VIII antibodies in plasma 
pools from healthy donors: use of rationally designed 
synthetic peptides. Biologicals 2001; 29: 229–232. 
143. Algiman M, Dietrich G, Nydegger VE, et al. Natu-
ral antibodies to factor VIII (anti-hemophilic factor) in 
healthy individuals. Proc Natl Acad Sci USA 1992; 89; 
3795–3799. 
144. Salama A, Kiefel V, Amber R, et al. Treatment of 
autoimmune thrombocytopenic purpura with rhesus 
antibodies (anti-Rh0(D)). Blut 1984; 49: 29–35. 
145. Scaradavou A, Woo B, Woloski BMR, et al. Intra-
venous anti-D treatment of immune thrombocytopenic 

phosphopyridoxylation on the interaction of thrombin 
with heparin. J Biol Chem 1979; 254: 3401–3406. 
107. Ortel TL, Mercer MC, Thames EH, Moore KD, 
Lawson JH. Immunologic impact and clinical out-
comes after surgical exposure to bovine thrombin. Ann 
Surg 2001; 233: 88–96. 
108. Ortel TL, Charles LA, Keller FG, et al. Topical 
thrombin and acquired coagulation factor inhibitors: 
clinical spectrum and laboratory diagnosis. Am J He-
matol 1994; 45: 128–135. 
109. Streiff MB, Ness PM. Acquired FV inhibitors: a 
needless iatrogenic complication of bovine thrombin 
exposure. Transfusion 2002; 42: 18–26. 
110. Winterbottom N, Kuo JM, Nguyen K, et al. Anti-
genic response to bovine thrombin exposure during 
surgery: a prospective study of 309 patients. J Appl Res 
Clin Exp Ther 2002; 2: 1–12. 
111. Schoenecker JG, Hauck RK, Mercer MC, et al. 
Exposure to topical bovine thrombin during surgery 
elicits a response against the xenogeneic carbohydrate 
galactose alpha1–3galactose. J Clin Immunol 2000; 
20: 434–444.  
112. Imbach P, Barandun S, d’Apuzzo V, et al. High-
dose intravenous gammaglobulin for idiopathic throm-
bocytopenic purpura in childhood. Lancet 1981; 1: 
1228–1231. 
113. Pirofsky B, Kinzey DM. Intravenous immune glo-
bulins: a review of their uses in selected immunodefi-
ciency and autoimmune disease. Drugs 1992; 43: 6–14. 
114. Consensus Working Group. Present and future 
uses of intravenous immune globulin (IVIG). A Cana-
dian multidisciplinary consensus-building initiative. 
Toronto: Maclean Hunter Healthcare Santé, 1997. 
115. Robinson P, Anderson D, Brouwers M, et al. Evi-
dence-based guidelines on the use of intravenous im-
mune globulin for hematologic and neurologic con-
ditions. Transfus Med Rev 2007; 21 (Suppl 1): S3–8. 
116. Anderson D, Ali K, Blanchette V, et al. Guidelines 
on the use of intravenous immune globulin for hemato-
logic conditions. Transfus Med Rev 2007; 21 (Suppl 1): 
S9–56. 
117. Feasby T, Banwell B, Benstead T, et al. Guidelines 
on the use of intravenous immune globulin for neur-
ologic conditions. Transfus Med Rev 2007; 21 (Suppl 
1): S57–107. 
118. Roussell RH, Pennington JE. An historical over-
view of immunoglobulin therapy. In: Peng LY, ed. 
Clinical applications of intravenous immunoglobulin 
therapy. New York: Churchill Livingstone, 1992. 
119. Bril V, Allenby K, Midroni G, et al. IGIV in neur-
ology – evidence and recommendations. Can J Neurol 
Sci 1999; 26: 139–152. 
120. Barandum S, Kistler P, Jeunet F, et al. Intravenous 
administration of human g-globulin. Vox Sang 1962; 7: 
157–174. 
121. Infectious Diseases and Immunization Commit-
tee, Ottawa, Ontario, Canada. Intravenous immune glo-
bulin use in children. Can Med Assoc J 1992; 146: 
121–124. 
122. Lee D, Remington KM, Petteway SR. Production 
of intravenous immunoglobulin and other plasma-de-
rived products. J Intravenous Nursing 2000; 23 (Suppl 
5): S18–22. 
123. Miller JLC, Petteway SR, Lee DC. Ensuring the 
pathogen safety of intravenous immunoglobulin and 
other human plasma-derived therapeutic proteins. J Al-
lergy Clin Immunol 2001; 108: S91–94. 
124. Lemm G. Composition and properties of IVIg 
preparations that affect tolerability and therapeutic ef-
ficacy. Neurology 2002; 59 (Suppl 6): S28–32. 
125. Lundblad JL, Seng RL. Inactivation of lipid-en-
veloped viruses in proteins by caprylate. Vox Sang 
1991; 60: 75–81. 

C
ur

re
nt

 u
se

 o
f b

io
lo

gi
ca

ls

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.234



Ofosu et al. Plasma-derived biological medicines

862

purpura: experience in 272 patients. Blood 1997; 89: 
2689–2700. 
146. Gelfand EW. Antibody-directed therapy: past, 
present and future. J Allergy Clin Immunol 2001; 108: 
S111–116. 
147. Bayry J, Lacroix-Desmazes S, Carbonneil C, et al. 
Inhibition of maturation and function of dendritic cells 
by intravenous immunoglobulin. Blood 2003; 101: 
758–765. 
148. Kaveri SV, Mouthon L, Kazatchkine MD. Immu-
nomodulating effects of intravenous immunoglobulin 
in autoimmune and inflammatory diseases. J Neurol 
Neurosurg Psychiatry 1994; 57 (Suppl): 6–8. 
149. Aktas O, Waiczies S, Grieger U, et al. Polyspecific 
immunoglobulins (IVIg) suppress proliferation of 
human (auto)antigen-specific T cells without inducing 
apoptosis. J Neuroimmunol 2001; 114: 160–167. 
150. Nakatani K, Takeshita S, Thusjimoto H, et al. In-
travenous immunoglobulin (IVIG) preparations induce 
apoptosis in TNF-a-stimulated endothelial cells via a 
mitochondria-dependent pathway. Clin Exp Immunol 
2002; 127: 445–454. 
151. Kazatchkine MD, Kaveri SV. Immunomodulation 
of autoimmune and inflammatory diseases with intra-
venous immune globulin. N Engl J Med 2001; 345: 
747–755. 
152. Larroche C, Chanseaud Y, de la Pena-Lefebvre 
PG, et al. Mechanisms of intravenous immunoglobulin 

159. Song S, Crow AR, Siragam V, et al. Monoclonal 
antibodies that mimic the action of anti-D in the ameli-
oration of murine ITP act by a mechanism distinct from 
that of IVIG. Blood 2005; 105: 1546–1548. 
160. British Columbia Provincial Blood Coordinating 
Office. IVIG Utilization Management Handbook. Van-
couver: British Colombia Provincial Blood Coordinat-
ing Office, 2002. 
161. Kim HC, Park CL, Cowan JH, et al. Massive in-
travascular hemolysis associated with intravenous im-
munoglobulin in bone marrow transplant recipients. 
Am J Pediatr Hematol Oncol 1988; 10: 69–74. 
162. Gaines AR. Acute onset hemoglobinemia and/or 
hemoglobinuria and sequelae following Rho(D) im-
mune globulin intravenous administration in immune 
thrombocytopenic purpura patients. Blood 2000; 95: 
2523–2529. 
163. Gaines AR. Disseminated intravascular coagu-
lation associated with acute hemoglobinemia or he-
moglobinuria following Rho(D) immune globulin in-
travenous administration for immune thrombocyto-
penic purpura. Blood 2005; 106: 1532–1537.  
164. Tarantino M, Bussel JB, Cines DB, et al. A closer 
look at intravascular hemolysis (IVH) following intra-
venous anti-D for immune thrombocytopenic purpura 
(ITP). Blood 2007; 109: 5527.

action in the treatment of autoimmune disorders. Bio-
drugs 1992; 16: 47–55. 
153. Salama A, Mueller-Eckhardt C, Kiefel V. Effect of 
intravenous immunoglobulin in immune thrombocy-
topenia. Lancet 1983; 2: 193–195. 
154. Samuelsson A, Towers TL, Ravetch JV. Anti-in-
flammatory activity of IVIG mediated through the in-
hibitory Fc receptor. Science2001; 291: 484–486. 
155. Semple JW, Allen D, Rutherford M, et al. Anti-D 
(WinRho SDTM) treatment of children with chronic 
autoimmune thrombocytopenic purpura stimulates 
transient cytokine/chemokine production. Am J Hema-
tol 2002; 69: 225–227. 
156. Coopamah MD, Freedman J, Semple JW. Anti-D 
(WinRho®SDF) initially stimulates an Fc-dependent 
leukocyte oxidative burst and subsequently suppresses 
erythrophagocytosis via interleukin 1 receptor antag-
onist. Blood 2003; 102: 2862–2867.  
157. Siragam V, Brinc D, Crow AR, et al. Can anti-
bodies with specificity for soluble antigens mimic the 
therapeutic effects of intravenous immunoglobulin in 
the treatment of autoimmune disease? J Clin Invest 
2005; 115: 155–160.  
158. Webster ML, Sayeh E, Crow M, et al. Relative effi-
cacy of intravenous immunoglobulin G in ameliorating 
thrombocytopenia induced by anti-platelet GPIIbIIIa 
versus GPIba antibodies. Blood 2006; 108: 943–946.  

C
ur

re
nt

 u
se

 o
f b

io
lo

gi
ca

ls

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-26 | IP: 38.107.179.234


