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Abbreviations

AABB American Association of Blood Banks 
ACD acid citrate dextrose  
ACE angiotensin converting enzyme 
ADAMTS a disintegrin and metalloproteinase with thrombospondin 

motifs 
AE adverse effects 
ANOVA analysis of variance 
APACHE II acute physiological and chronic health evaluation II 
APTT activated partial thromboplastin time 
ASFA American Society for Apheresis 
BW body weight 
CAG Canadian Apheresis Group  
CIDP chronic inflammatory demyelinating polyneuropathy 
C1INH C1 esterase inhibitor 
CSP cryosupernatant plasma 
DALI direct adsorption of lipoproteins 
DIC disseminated intra-vascular coagulation 
ECPT extra-corporeal photo-chemotherapy 
ESFH European Society for Haemapheresis and Haemotherapy 
FFP fresh frozen plasma 
FSGS focal segmental glomerulosclerosis 
GBS Guillain-Barré syndrome 
GMP good manufacturing practice 
HBV hepatitis B virus 
HCV hepatitis C virus 
HES hydroxy-ethyl starch 
HELLP hemolysis, elevated liver enzymes, low platelets 
HIV human immunodeficiency virus 
HLA human leukocyte antigen 
HPSC hematopoietic stem cell collection 
HUS hemolytic uremic syndrome 
ICU intensive care unit 
IL  interleukin  
IL1ra Interleukin 1 receptor antagonist 
INR international normalized ratio 
ISBT International Society for Blood Transfusion 



IVIg intravenous immunoglobulin 
LMWH low molecular weight heparin 
MODS multiple organ dysfunction syndrome 
NAT nucleic acid amplifiction technology 
NBHW National Bureau of Health and Welfare 
PAI-1 plasminogen-activator inhibitor 1 
PE plasma exchange 
PK prothrombin complex 
PPF plasma protein fraction 
PUVA psoralen and ultraviolet A irradiation 
RCT randomized controlled trial 
RIFLE risk, injury, failure, loss and end-stage renal disease 
RPG rapid progressive glomerulonephritis 
SAG Swedish Apheresis Group 
SBU Statens beredning för medicinsk utvärdering 
S/D solvent-detergent treatment 
SIRS systemic inflammatory response syndrome 
SLE systemic lupus erythematosus 
SOP standard operating procedure 
TA therapeutic apheresis 
TAT thrombin-antithrombin complex 
TTI transfusion-transmitted infection 
TNF  tumor necrosis factor alpha 
TRALI transfusion associated acute lung injury 
TTP thrombotic thrombocytopenic purpura 
vCJD variant Creutzfeldt-Jacob disease 
WAA World Apheresis Association 
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Introduction

Rationale for the studies 
Therapeutic apheresis (TA) was introduced in Sweden during the 1970s [1]. 
In 1985, at the annual meeting of the Swedish Medical Association, a semi-
nar on the indications for TA was held, and 3,106 procedures and 323 pa-
tients were evaluated. There was consensus regarding the indications ap-
plied, and about 80% of patients were were found to have been treated for 
accepted or probably acceptable indications. A summary of these evaluations 
has been published [2]. In 1992, the National Bureau of Health and Welfare 
(NBHW) appointed a specialist in hematology to be responsible for the na-
tional co-ordination of transfusion issues. In discussions with the expert ad-
visory committee on transfusion medicine, it was recommended that a yearly 
survey on therapeutic apheresis should be conducted, in parallel with the 
survey on the blood supply. This yearly survey developed into the Swedish 
Apheresis Registry. 

Blood: a fluid tissue 
Blood may be considered a fluid tissue [3] that is normally contained in the 
vascular system with its specialized vessels, arteries, veins, and capillaries, 
all lined by endothelium. The hemo-circulatory system developed in verte-
brates from the lympho-circulatory system [4, 5] for the transport of nutri-
ents and waste, as a complement to the defense system. Blood contains a 
cellular fraction and a fluid fraction, the plasma.  

The cellular fraction contains a variety of cell populations, among them 
non-nucleated cells with primary functions within the blood: the erythrocytes 
and platelets. Erythrocytes transport O2 and CO2 bound to hemoglobin, the 
molecule that gives blood its red color. Platelets are granulated cells that are 
essential for hemostasis and the maintenance of the vascular wall. Leuko-
cytes, i.e. granulocytes, lymphocytes and monocytes, are cells that belong to 
the inflammatory and immune system, with its lymphoid tissue and organs 
connected by blood and lymph vessels.  

Plasma is a protein and salt solution, and its constituents move from the 
intra-vascular to the extra-vascular or the intracellular spaces. The plasma 
proteins may be grouped according to function, i.e. transport and defense, 
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including hemostasis. Albumin represents about 54% of the protein content 
of plasma, and the other transport proteins 10%. Immunoglobulins are about 
15%, proteases 9%, complement proteins 7%, fibrinogen 4% and the coagu-
lation proteins about 1% [6]. The molecular size of a protein will to a certain 
degree determine the distribution volume, and the largest proteins are con-
fined to the intra-vascular space.  

The cellular lining of the vessels, the endothelium, is a specialized and 
metabolically highly active tissue [7, 8] that facilitates the movement of cells 
and large molecules through the vessel wall while maintaining its integrity. 
Receptors on the surfaces of the cells in the blood and the endothelial lining 
communicate through the plasma proteins, hormones, cytokines and other 
signal substances [8, 9].  There are specialized forms of endothelium for the 
passage of cells from the bone marrow, proteins from the liver, senescent 
cells to the spleen [6] and cells within the lymph nodes [10].  

The properties associated with blood flow [11, 12] are directly influenced 
by the concentration of the cells (the hematocrit) and proteins (the viscosity) 
in the blood. The laminar flow in the larger vessels is dependent on the shear 
rate and the passage through the capillaries is dependent the cells’ ability to 
alter their shape [11]. Blood flow is controlled by pressure gradients, main-
tained by the heart and vessels and subject to complex neuro-humoral regu-
lation [9]. Concentration gradients (osmosis), oncotic pressure, adequate 
blood pressure and an intact endothelium support the vascular filling. The 
integrity of the intra-vascular space is vital for the survival of the individual 
and is therefore subject to a very complex regulation [7-9]. 

Transfusion medicine, together with clinical immunology, is a medical 
speciality providing diagnostic and therapeutic services based on immu-
nological principles. The collection of blood for hemotherapy i.e. the treat-
ment of disease with blood or blood components, falls within this field. 
Transfusion medicine also includes hemapheresis, the removal of blood con-
stituents to an extra-corporeal circuit. Plasma as a blood component is either 
prepared from whole blood donations or is obtained by plasmapheresis. 
Plasma as a therapeutic principle in clinical practice involves the exposure of 
blood to extra-corporeal manipulation and subsequent transfusion or re-
infusion as a means of removing pathogenic factors or substituting missing 
blood constituents. 

Anticoagulation in apheresis 
In therapeutic apheresis there are two main types of anticoagulant, citrate 

and heparin, which affect the coagulation system in different ways. Citrate, 
at >10.5 mmol/l (often about 14 mmol/l) chelates Ca++ , which interferes 
with the activation of FVII, FIX, FX, prothrombin and proteins C and S. 
Certain citrate preparations, such as acid citrate dextrose (ACD)-A (pH 6.9) 
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inhibit platelet aggregation in the circuit [13]. Citrate is added to the draw 
line for anticoagulation in the circuit; upon re-infusion, the citrate is rapidly 
distributed to the intra- and extra-vascular spaces and metabolized in the 
mitochondria of the liver, kidney and muscles [14]. Citrate influences the 
calcium metabolism of the patient, stimulating a parathyroid response [15, 
16]. The maximal return rate of citrate, recommended to be 1.0-1.8 mg/kg 
body weight (BW) and minute [13, 17], limits the speed of the procedure. 
The level of ionized calcium is decreased by 20-30% [14, 18], and the donor 
or the patient may develop symptoms due to depletion of ionized calcium. If 
the level of ionized calcium is lowered by more than 35% life-threatening 
symptoms may develop [14]. Reducing the speed of the flow or interrupting 
the procedure can alleviate the symptoms, but a (slow) injection of calcium 
may be necessary [17, 18]. A prophylactic infusion of calcium may be valu-
able in procedures that expose the patient to a large volume of citrate: substi-
tution with donor plasma, hematopoietic stem cell collection (HPSC) or col-
umn procedures with parallel reusable columns [19]. Citrate also influences 
the metabolism of magnesium [20, 21] and potassium [20].  

Heparin combines with antithrombin, increasing its activity by more than 
1,000-fold and inhibiting FXIIa, FXIa, kallikrein, FIXa, FXa, thrombin and 
plasmin. Heparin is administered to the patient at a rate of about 10 IU/kg 
BW/h. The scheme is individualized so that the patient undergoes the short-
est possible period of systemic anticoagulation after the procedure. In order 
to achieve a regional anticoagulation, heparin is added to the draw line in the 
circuit, and adding protamine to the return line reverses the effects of hepa-
rin. Because of the side effects of protamine, including anticoagulant effects, 
this scheme requires careful balancing [22]. Combinations of citrate and 
heparin have been used to reduce symptoms in patients undergoing chronic, 
repeated treatment [19]. 

An injury to a blood vessel, caused either by trauma or infection will acti-
vate the blood and endothelial cells and the blood cascade system to contain 
and repair the damage. Ideally, the systems are sequentially wellbalanced 
and the inflammation resolves. When blood comes into contact with an arti-
ficial surface, a number of interactions are possible (Fig 1) [23-26]. Once 
activated, the systems may interact to cause potentiation or inhibition, the so-
called concept of “cross talk” [24]. In blood components such interaction 
occurs in vitro in the collection bag system. During apheresis the interactions 
take place in the extra-corporeal system. In both cases the modulated blood 
and plasma is trans- or reinfused to the patient/donor. The artificial sur-
face(s), that blood or plasma is exposed to during collection, preparation, 
storage or apheresis are summarized in Table 1. 
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Figure 1. Exposure of blood to artificial surfaces can activate different systems 
involved in hemostasis and tissue repair. (Kindly provided by Javier Sanchez) 

Table 1 Artificial surfaces involved in blood collection, plasma stor-
age and therapeutic apheresis in current use in Uppsala/Örebro 

Plasma components Surface Therapeutic 
apheresis  

Surface

Blood collection PVC1/DEHP2 Centrifuga-
tion 

PVC

Leukocyte depletion Polyester Membrane 
filtration 

Polypropylen 

Plasma storage PVC/TEHTM3 Removal of 

Apheresis by cen-
trifugation  

PVC LDL Polyacrylic acid 

Apheresis by mem-
brane/centrifugation 

Nylon/PVC IgG PVC or Polypropylen and 
Sepharose/protein A 

Plasma storage PVC Anti-A or 
anti-B- 

PVC or Polypropylen and 
Sepharose/synthetic antigen 
A or B 

  Leukocytes Cellulose-diacetate beads  
1 Polyvinylchloride; 2 Di (2-ethylhexyl)phtalate; 3 tri(2-ethylhexyl)trimetilletate  

ARTIFICIAL MATERIAL

BIOCOMPATIBLE

BIOINCOMPATIBLE

Fibrinolysis Complement

Platelets
Leucocytes

Coagulation

/Kinin Kall

Fibrinolysis Complement

Platelets Leucocytes

Coagulation

Kinin/Kall
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If artificial surfaces have not been adequately coated [27], they will immedi-
ately be covered with proteins, including immunoglobulin and complement 
components upon exposure to blood or plasma [28]. Conformational changes 
in the bound IgG and and complement C3 will lead to activation of comple-
ment through the classic and alternative pathways. Fluid-phase complement 
components C3a and C5a and surface-bound C3b and iC3b will stimulate 
inflammatory reactions. Complement split products are present in both com-
ponent and waste plasma samples, especially when the blood has been ex-
posed to negatively charged surfaces, and carbohydrates in particular [29-
39].  

When FXII is bound to a surface in vitro, autoactivation will occur, also 
in the abscence of Ca++ ions. Heparin will not inhibit such an activation [23]. 
In the presence of high molecular weight kininogen FXIIa will cleave 
prekallikrein and kallikrein will activate FXII in a positive feed-back loop. 
The contact activation described here can be regulated by the C1 inhibitor 
(C1INH) [23, 40]. However, C1INH has a much lower activity at a tempera-
ture <15ºC, and once induced, contact activation may continue ([41].  

Because heparin has been reported to interfere with complement activa-
tion, the combination with citrate has been recommended in selective or 
specific apheresis procedures [42]. However, the concentration of  citrate 
and heparin required for anticoagulation in an extra-corporeal circuit has 
been shown to be be inadequate for the inhibition of other plasma cascade 
systems [24].  

The degree of activation in extra-corporeal systems, i.e. bio-
incompatibility, is indicated by the loss of cells and proteins and the genera-
tion of  split products and activation markers [29, 32, 35, 36, 42-49]. Re-
quirements are formulated by the European and the US Pharmacopoeia and 
there is an ISO standard 10993-1 for the biohazard of materials used in 
medical device. Systems for blood collection and the primary separations in 
apheresis are approved by the regulatory authorities and extensively used. 
All systems in clinical use are subject to monitoring through by the appro-
priate regulatory authorities, in Sweden the Medicinal Products Agency. 
Recently, bradykinin generation was detected in platelet components during 
storage for 7 days. However, the clinical consequences of this finding will 
depend on the blood component, the transfusion and the recipient and will be 
difficult to predict [50]. 
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Table 2. Types,  and techniques and the number of procedures for therapeu-
tic haemapheresis as used in Sweden 1995, 1999 and  2005

Type and techniques comments 1995 1999 2005 

Plasma exchange by     

Centrifugation Continuos or discontinuous 1785 1933 1416 

Membrane separation A few number of filter types 1566 658 384 

Column procedures for the removal of  

LDL-proteins 4 techniques in 1995, 1 in 2005 447 470 437 

Immunoglobulin G 2 techniques 154 302 154 

Anti-A, anti-B 1 technique - - 150 

Leukocytes 1 technique - - 721 

Other techniques Cascade filtration  29 - - 

Cytapheresis    

Leukocytapheresis Removal  93 58 35 

Collections of HPSC Hematopoietic stem cells (HPSC) 832 821 671 

Plateletapheresis Removal  11 10 3 

Erythrocytaphere-
sis/exchange 

Removal of erythrocytes and 
substitution with donor blood 

2 57 8 

ECPT (photopheresis) Extra-corporeal treatment with 
PUVA

156 595 239 

All procedures  5398 4667 4517 
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Apheresis

Apheresis is derived from the Greek word , which means with-
drawal [51]. Abel and co-workers [52] performed the first published aphere-
sis procedure as part of animal experiments to develop an artificial kidney. 
The need for plasma during World War II led to increased use of plas-
mapheresis, and manual apheresis procedures for the treatment of diseases 
were introduced in the 1950s. In the 1960s centrifugal cell separators were 
developed to procure various blood components. In a centrifugal system, 
plasma and cells were separated by gravity in a rotating chamber. A further 
selectivity, allowing the removal of different cell fractions, was achieved by 
modulation of the chamber, the inlet- and outlet ports and the g-force applied 
[53]. During the 1970s, membrane-based separation systems were developed 
from dialysis membranes and equipment. Both flat and capillary filters were 
introduced and the pore size was altered to allow for plasma separation [54, 
55].   

In therapeutic procedures, the blood of a patient is modulated in the extra-
corporeal circuit with the aim of removing antibodies, immune complexes, 
lipoproteins, cells or cell fragments, toxic substances or other substances that 
are either proven or presumed to have a pathogenic effect.

The vascular system of the patient is connected to the apheresis device 
with a draw (“artery”) and a return (“vein”) line. In the centrifugal systems 
the draw and return may be intermittent or continuous [55]. Anticoagulation 
of the blood in the circuit is necessary in all cases.  The extra-corporeal sys-
tem may consist of a single circuit or include a secondary system added to 
permit the removal or modulation of a selective or specific fraction of 
plasma (e.g.LDL, IgG) or cells (psoralen and UVB-irradiated lymphocytes) 
before re-infusion. In Table 2 the various apheresis techniques as used in 
Sweden in 1995, 1999 and 2005 are presented, with the number of proce-
dures performed. Donor apheresis procedures outnumber the therapeutic 
procedures. For example, in 2005, >100,000 donor procedures and <5,000 
therapeutic procedures were carried out [56, 57]. 

Vascular access 
The demand with regard to the flow rate into, and the flow stability within, 
the extra-corporeal circuit differs with the type of separator and procedure. 
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Membrane separators require a blood flow from the draw line of about 100 
ml/min [58]. For the centrifugal systems 30-70 ml/min may be adequate 
[13]. When a specific or selective separation is desired, such as HPSC col-
lection, a stable flow must be maintained. Peripheral veins are usually ade-
quate for donor apheresis and single separation in a centrifugal system with 
flow rates of 30-70 ml/min. Occasionally, this flow rate will be stable over 
the 6 h course of HPSC collection or adsorption procedure; otherwise a 
large-bore double lumen catheter in the femoral, subclavian or the jugular 
vein is required [58]. An arterio-venous fistula, if present, can also be used. 
If the access needs to be improved during the procedure, an arterial cannula 
can be used for the draw line. The maintenance of a central catheter for re-
petitive apheresis procedures requires meticulous attention to antiseptics and 
anticoagulation [59].  

Plasmapheresis /plasma exchange
Plasmapheresis, the removal of the patient’s plasma, and its substitution by 
other fluids, is still the predominant form of therapeutic apheresis [60-64]. 
As a rule of thumb, 65% of the targeted plasma protein can be depleted after 
the removal/exchange of a volume corresponding to 1-1.5 plasma volumes 
[65]. The target molecule, the distribution volume and the metabolic rate will 
determine the number of procedures required to reach the treatment goal and 
the length of time between those procedures. In the early years of the 
apheresis era, the patient's plasma was replaced with donor plasma. How-
ever, because of the risk of transfusion-transmitted infections (TTI) and 
other complications, albumin or plasma protein fractions came into use. Rare 
but severe complications such as anaphylactoid reactions [66, 67], as well as 
periods of shortage and rising costs have led to the combination of albumin 
with various other colloids and saline [68-74]. Coagulopathy can develop as 
a result of frequent removal of large volumes of plasma, and it may be nec-
essary to add fresh frozen plasma (FFP) or plasma to the substitution fluid, 
using fibrinogen level as a diagnostic marker [75]. In the case of thrombotic 
thrombocytopenic purpura (TTP) the treatment target is to infuse plasma, 
usually 30-40 ml/kg/BW. However, the identification of autoantibodies to a 
metalloprotease, ADAMTS 13 [76] implies that a depletion strategy may be 
valid also in some cases of TTP.  

Substitution fluids in plasma exchange in Sweden 
In 1995, a survey on the use of substitution fluids in PE was conducted. The 
results indicate that albumin at 35 or 40 g/l was found to be the primary 
choice, and FFP was only used in specific indications. When stored at +2-
6 C directly after preparation for up to 14 days, plasma is comparable to FFP 
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in most clinical situations [77] according to the national guidelines, issued 
by the Swedish Society for Transfusion Medicine. So-called liquid stored 
plasma is first stored at +2-6  C for about 6 days before being issued [78] 
and may then be stored for up to 42 days according to local guidelines. 
Plasma, was used on a regular basis in some centers. The citrate content in 
FFP and plasma is on the average 21-23 mmol/l [79].  

Indications for apheresis treatment 
The rationale for apheresis is to restore the physiological balance or 

modulate the immune system by removing specific blood constituents. Ide-
ally, the evidence base for apheresis therapy is an identified pathogenic fac-
tor(s), with metabolic data (half-life and volume of distribution) available 
that make the depletion meaningful and allow the clinical efficacy to be as-
certained [80]. A wide range of diseases are treated with TA, but the evi-
dence base is not yet established for all of them. Since the rapid expansion of 
therapeutic apheresis during the late 1970s, scientific societies and collabo-
rative networks have been formed to repeatedly review the scientific data 
and issue guidelines for TA [81, 82]. The Canadian Apheresis Group (CAG) 
was formed in 1980 to co-ordinate the increasing use of TA. This group has 
a register for apheresis practices in Canada. Controlled, randomized studies 
have been initiated, and a regular evaluation of the evidence base for TA has 
been developed and published [61, 81]. In 1983, the European Society for 
Haemapheresis (ESFH) was founded to promote the safe and scientific use 
of TA [83]. In France, the national apheresis society started a national (pa-
per-based) register for TA in 1985 that was converted to an electronically 
based register in 1991. Regular publications on the relevant practices have 
been published [63, 84]. The World Apheresis Association (WAA), an um-
brella organization for national oganizations related for TA, recently 
launched an international registry to facilitate the longitudinal collection of 
data on therapeutic procedures performed outside controlled studies [85-87]. 
The American Society for Apheresis (ASFA), begun in 1987, has together 
with the American Association of Blood Banks (AABB), repeatedly re-
viewed the literature and grouped the indications into four categories [82]: 

I TA is standard and acceptable, either as primary therapy or 
as a first-line adjunct to other initial therapies. Efficacy is 
based on controlled or well-designed clinical trials or a broad 
base of published experience 

II TA is generally accepted in a supportive role 
III TA is not clearly indicated based on insufficient evidence, 

conflicting results, or inability to document a favourable risk-
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to-benefit ratio. Applications in this category may represent 
heroic or last-ditch efforts on behalf of a patient 

IV TA has been demonstrated to have a lack of efficacy. Clini-
cal applications should be undertaken only under an approved 
research protocol.  

The review is periodically repeated and published to support clinical and 
scientific work. The 10 indications equally accepted by ASFA/AABB (I-II), 
CAG (A) and ESFH (Y) and used in Sweden are: Guillain-Barré syndrome 
(GBS), TTP, Goodpasture´s syndrome, Refsums disease, leukocyto-
sis/thrombocytosis/hemoglobinopathy, hyperviscosity/macroglobulinemia, 
myeloma, cryoglobulineamia and antibodies to coagulation factors. Other 
specified indications in Sweden are presented in Appendix I, Tables 1-4. 

The Cochrane Collaboration has published reviews on the use of TA in 
selected indications. In GBS, PE may be recommended as standard treat-
ment. [88, 89]. In chronic inflammatory demyelinating neuropathy (CIDP) 
PE, IVIg and corticosteroids seem to have similar effect [90, 91]. In myas-
thenia gravis PE may be valuable in myasthenia crises, but further studies 
are warranted [92, 93]. The role of PE in IgG and IgA paraproteinemic neu-
ropathy, dermatomyositis and polymyositis cannot be decided because of a 
lack of sufficient data [94, 95]. PE cannot be recommended for lupus nephri-
tis [96]. 

Severe sepsis/septic chock 
The incidence of sepsis has been reported to be 50-95/100,000 in USA [97]. 
About 9% of the patients develop severe sepsis with signs of hypoperfusion 
and dysfunction in at least one organ system. In 2001, the incidence of se-
vere sepsis in Sweden was 15 per 100,000 [98]. About 3% of these patients 
develop septic shock and multiple organ dysfunction syndrome (MODS) 
[97]. A close relationship between the proportion of patients with sepsis and 
the mortality rate in the intensive care unit (ICU) can be seen [99]. The con-
sequence is that sepsis is common diagnosis in an ICU. Thus, in an European 
study with 24 participating countries about 25% were admitted with sepsis, 
while 37% patients had sepsis during the stay at the ICU [99]. Bacterial in-
fections predominate; only 2-4% are viral or parasitimic. In 30% no bacteria 
can be detected, usually because of antibiotic treatment prior to admission 
[97, 99]. During sepsis an inflammatory process is initiated. Although sepsis 
has been recognized and described since the time of Hippocrates (reviewed 
in [97]) a definition for systemic inflammatory response syndrome (SIRS) 
was first accepted in 1992 [100] and revised in 2001 [101].  

The pathogenesis of sepsis involves several pro- and anti-inflammatory 
mediators in a long chain of events that may overwhelm the host response. 
Pro-inflammatory events are the activation of the complement and the co-
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agulation systems, recruitment of activated leukocytes and the interaction 
with endothelial cells. Mediators such as tumor necrosis factor  (TNF ),
interleukin 1 (IL1) and more will be released (reviewed in [97]). Dissemi-
nated intravascular coagulation (DIC) is one of the manifestations of severe 
sepsis [102]. The anti-inflammatory response involves neuro-endocrine 
pathways, acute phase proteins and mediators like IL10 and soluble recep-
tors to TNF  and IL1. Immune suppression may render the patient suscepti-
ble to nosocomial infections [97]. A severe pro-inflammatory response will 
lead to organ dysfunction. Patients admitted to an ICU without organ dys-
function had a mortality rate of <10%, and for those with two dysfunctioning 
organs the rate increased to about 30% and with 4 about 60% [99]. If organ 
dysfunction includes renal failure according to RIFLE criteria the risk for a 
fatal outcome will be even higher [103].  

Trials targeting the pro-inflammatory response, monoclonal antibodies or 
receptor antagonists to cytokines, antithrombin or IVIg, have been under-
taken with very limited or no beneficial effects [104]. However, a 5-7 day 
course of hydrocortisone in physiologic doses improved survival in contrast 
to high doses corticosteroids [105]. Trials involving extra-corporeal thera-
pies to remove of toxic or other harmful compound have been undertaken 
with some beneficial effect [106-109], however the evidence level has been 
graded as B or C [104]. Recombinant activated protein C was shown have a 
beneficial effect on mortality in the first trial, but the labeled use was limited 
to patients at high risk (APACHE II>25) [98]. The second trial for patients 
with severe sepsis showed no effect, and a pediatric trial was closed prema-
turely due to lack of effect [107, 110]. Such data indicate that interference 
with one or few factors will not be enough to reverse the DIC and MODS. A 
broader approach, such as the removal of inflammatory factors to replace 
them with proteins from healthy blood donors through PE has been studied.  

Scharfman et al and Björvatn et al first reported the use of PE in sepsis 
[111, 112]. Several other trials have been performed in patients with septi-
cemia or DIC caused by meningococci, group A hemolytic streptococci or 
pneumococci, and the trials in Sweden, Norway and the Netherlands resulted 
in improved survival of the patient [113-116]. A prospective study has been 
performed in so-called primary septic shock [115], with the severity of the 
disease being evaluated by acute physiology and chronic health evaluation 
(APACHE II) [117]; laboratory evaluation included measurement of en-
dotoxin and cytokines. A significant correlation was found between the loga-
rithm of the initial levels of TNF , IL1 , IL6 and IL1 receptor antagonist 
(IL1ra) and plasminogen-activator inhibitor 1 (PAI-1) and the APACHE II 
scores. During the first 24 h of treatment, the levels of endotoxin, TNF ,
IL1  and PAI-1 decreased, but IL6 and IL1ra remained high until clinical 
recovery. Acute PE had a significant effect on the clearance of TNF . The 
positive outcome of this study resulted in the recommendation of PE treat-
ment for such patients in the ICU guidelines in Uppsala. However, several 
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studies are needed to confirm the beneficial effects of such rescue treatment 
in severely ill patients. 

Adverse effects 
Adverse effects (AE) are problematic medical symptoms and signs, vascular 
access, technical and other difficulties that probably or definitely can be 
related to the apheresis procedure. The reasons for the AE need to be clari-
fied and related to the properties and volume of the extra-corporeal system, 
the anticoagulation and vascular access used, and in the case of PE, the sub-
stitution fluid employed.  

Symptoms are categorized as mild, moderate (requiring medical treat-
ment), severe (interrupted treatment) or fatal [118, 119]. The frequency of 
AE caused by drugs are often described as very common (>1/10), common 
(1/10-1/100), less common (<1/100), rare (<1/1,000)  and very rare (<1/10, 
000) [120], and the same terminology will be applied here.  

For the discussion of AE, data from a number of large studies are summa-
rized in tables 3 and 4 [60, 118, 121-128]. In some studies, all types of TA 
are included, and for these, the percentage of PE and the percentage of PE 
procedures with any type of plasma substitution is indicated. In the study of 
McLeod et al, data on certain mild symptoms (peri-oral tingling, lighthead-
edness, mild chilliness, needle discomfort and ecchymosis) were not in-
cluded since they were considered to be a physiologic response to apheresis 
treatment [124]. An overall rate was not provided in the study by Malchesky 
et al [60]. There is variation in the terminology for describing AE, and in 
some studies symptoms were grouped together. 

Hypotension, defined in the studies as a systolic pressure <80 mm Hg or a 
drop in blood pressure causing a systemic response, and vasavagal-
symptoms are “common”, except in the two studies, in which 5% albumin 
(50g/l) was used [126, 127]. In the study of Korach et al, albumin in combi-
nation with hydroxy-ethyl starch (HES) has increasingly been used. Nausea 
and vomiting used to be “common”. Citrate toxicity is still “common”, even 
with prophylactic infusion with calcium salt solution, but then, the mild 
symptoms are included [126]. It has been shown that calcium-gluconate or –
chloride infusion may reduce the overall rate of AE and not just citrate toxic-
ity [18]. In HPSC collection a comparable protocole has been applied with 
success and prevented disturbances in Ca++, Mg++ and K+ ion metabolism 
[20]. Alkalosis has been described as a possible consequence citrate toxicity 
in frequent PE procedures due to TTP with FFP substitution [129]. Partial 
replacement with albumin and partial replacement with HES has been re-
ported to reduce citrate toxicity [74].
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Allergic or transfusion reactions, including urticaria, fever and chills are 
“common” with any type of plasma substitution. Fever and chills has also 
been reported the use of plasma protein fraction (PPF) and albumin [122, 
124, 130]. Pre-treatment with hydrocortisone or antihistaminic drugs prior to 
the infusion with FFP or plasma is used to alleviate symptoms, although not 
always with success [131].  

Although intensive PE will lead to a depletion of coagulation factors, 
bleeding is rarely reported, possibly due to the addition of FFP or plasma at 
the end of such cycles [127]. A rare case of heparin-induced thrombocyto-
penia type II has been reported; the heparin exposure was a central venous 
line placed for the treatment [132]. 

Patients taking angiotensin converting enzyme (ACE)-inhibitors are at an 
increased risk of an anaphylactic or anaphylactoid reaction related to extra-
corporeal systems, caused by an inhibited breakdown of the bradykinin, gen-
erated by contact activation. [133, 134]. An anomaly of bradykinin metabo-
lism has been reported to cause similar reactions [135, 136]. Symptoms from 
the eyes, skin, mucous membranes and pain may be related to contact activa-
tion in the extra-corporeal system and the infusion of the modulated plasma 
to particularily susceptible patients [60, 67, 128].  

Long-term effects are less well reported. In one study [122] all patients 
that received FFP developed non-A, non-B hepatitis. In a Swedish study, 
two patients were infected during PE with plasma substitution prior to the 
hepatitis C virus (HCV)-screening [137]. Two patients were possibly in-
fected with hepatitis B virus (HBV) during PE, requiring substitution with 
FFP (0.06% of AE) as reported in another study [126]. A rare symptom con-
nected to the use of HES is severe pruritus, and acquired lysosomal storage 
deficiency has also been described [73, 138]. 

There has been a decrease in severe AE, primarily involving severe car-
dio-vascular complications. The mortality rate in therapeutic apheresis was 
calculated to be 1-3 per 10,000 procedures [125, 139] which is comparative 
to the outcome of another study [60]. Complications with central venous 
accesses for PE in TTP led to two deaths [140]. In a study on 54 patients and 
568 PE procedures during 1996-2003, there were six deaths, five in empiri-
cal treatment before definitive diagnosis. It could not be established that PE 
was causative; but empirical treatment was considered to be an increased 
risk for severe complications and death [141]. In two studies involving about 
21,000 procedures 4 deaths were reported, all due to underlying diseases 
[124, 126]. 
Whereas AE used to be “very common” in the 1980s, they are recently 
“common”. The reduced rate may be due to technical improvements for 
equipment and fluids and clinical improvement by teachning, training and 
scientific evaluation of practices. 
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Plasma for transfusion

The use of plasma in Sweden 
There are few reports on the indications for the use of plasma in Sweden. 
Transfusion practice was surveyed as part of a study on short and long term 
survival of recipients of blood components [142, 143].  In the second study 
all transfusions in the year 2000 were registered, although only data from 
March to May were included in the study. Unpublished data from the entire 
year 2000 showed that 22.5% of transfused patients received plasma. Of 
those, the majority (70%) received plasma because of surgery or other inva-
sive procedures. Cardiovascular diseases (35%), tumors (17%), diseases of 
the gastro-intestinal system (12%) and trauma (10%) dominated the disease 
categories [144]. 

Quality criteria for plasma for transfusion  
The majority of plasma components are used for the preparation of plasma 
protein products, particularly FVIII ([56, 145]. To ensure the safety and 
quality of these products, Good Manufacturing Practices (GMP) have been 
established, such that only licensed blood establishments may deliver plasma 
[146, 147]. FVIII is a labile protein, and all steps in the collection, handling 
and processing of blood and blood components, freezing, transporting and 
storage are designed to optimize the content of FVIII in the plasma [148-
150].  
The Council of Europe and the EU have both defined the components and 
quality criteria in the form of guidelines and a technical directive for FFP, 
CSP and cryoprecipitate [151, 152]. FFP should contain >70% of the freshly 
prepared plasma component. The level of FVIII decreases rapidly during the 
first 24 h and then more slowly [153]. The uninterrupted donation with im-
mediate and continous mixing of the anticoagulant with the blood, standard-
ized cooling of the blood bag and short time to the separation of plasma from 
cells influence the level of FVIII in plasma [148, 150, 154]. Rapid freezing 
as soon as possible after collection will  preserve the level of FVIII the best 
[155-157]. Plasma components produced in various centrifugal apheresis 
procedures did not differ with regards to coagulation protein levels or activa-
tion markers [158]. Use of different filters for whole blood leukocyte deple-
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tion resulted in significant differences in the levels of coagulation proteins 
and activation markers [31, 159, 160]. Cold-induced contact activation has 
been described [77, 149], with increased kallikrein-like activity and subse-
quent decrease in the level of C1INH activity and increased FVIIa and fi-
brinopeptide A, mainly occurring after storage day 14. There is an increase 
in complement split products over time during cold storage, and leukocyte 
depletion by filters increases the level of complement split products [33, 34].  

The majority of plasma transfusions are not performed to supply FVIII 
[161, 162]. In UK it was proposed to allow the storage of thawed FFP for up 
to 36 h, with FVIII of less than the required quality (75% of all units >70 IU 
/ml). However, because of the risk of bacterial contamination, the time was 
restricted to 24 h [161]. In the US, it is possible to keep thawed plasma for 5 
days if FVIII is not the critical factor [163]. A number of studies on the qual-
ity of thawed plasma have illustrated the need to have a stock for immediate 
use [164, 165] and decrease outdating [163, 166-168].  

Pathogen inactivated plasma by solvent-detergent (S/D) or methylen 
blue/light treatment has been introduced in the beginning of the 1990s [169] 
and  pooled frozen S/D plasma is now a registered medicinal product. The 
comparison of different preparations and FFP have been published [165, 
169-173]. Some European countries are making the transition to pathogen 
inactivated plasma [145].  

Plasma components in Sweden 
Guidelines for the preparation and quality control of plasma components are 
published by the Swedish Society for Transfusion Medicine, Handbok för 
Blodcentraler. In the current version, FFP must be prepared and frozen, pref-
erably within 8 h, or at the outmost 18 h. Repeated centrifugation or filtra-
tion is performed for leukocyte depletion. Non-frozen or thawed plasma may 
be stored up to 14 days in the blood-bank and used like FFP because of its 
content of >50% of the labile coagulation factors FVIII and FV [77, 153]. 
Plasma is then available for immediate transfusion upon request. When the 
implementation of the coding system for blood and blood components de-
veloped by the International Society for Blood Transfusion, ISBT 128, 
started in Sweden, it became apparent that quite a large number of national 
plasma-codes were required [174] and that validation was needed. 

Use of plasma: guidelines, compliance and evidence  

In surveys, local or national guidelines there is uniformity in the stated indi-
cations [104, 161, 175, 176], summarized below: 
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The replacement of coagulation proteins, if purified coagulation factor 
concentrates are unavailable, in bleeding or severe liver diseases before or 
during invasive procedures  
The reversal of warfarin effect in severe bleeding (grade B, [161, 176]) 
The replacement of coagulation proteins and other plasma proteins in 

massive, ongoing bleeding (grade B [161]) 
The replacement of coagulation proteins in severe sepsis or septic shock 

and bleeding [102] 
As substitution fluid in plasma exchange for TTP (grade A [161]) and in 

large-volume, frequently repeated plasma exchange. 

A laboratory value > 1.5 of international normalised ratio (INR), PK >18 s, 
APTT >45 s or fibrinogen <1.0 g/l is considered as an indication for the 
transfusion of plasma. The dose needed is 10-15 ml/kg BW. The dose may 
need to be repeated.

Audits of the compliance to established guidelines have been performed. In 
1994, a decrease in inappropriate (non-compliant) requests for FFP was seen 
after the introduction of a standard request form [177]. An audit 1999 in an 
ICU showed consistent practice and no excessive use of blood components 
in the critically ill [178]. In a survey of FFP transfusions in 14 hospitals 
2003, 37% were judged to be inappropriate [179]. The compliance with the 
local guidelines for requests for FFP was about 70% for FFP [180] and about 
30% were requests for the reversion of Warfarin. A systematic review of 
studies on the appropriate use of blood components [181] has identified the 
methodological difficulties: in order to achieve better practice with education 
and auditing, both over-use and under-use must be included in the study 
[181]. 

To obtain the desired level of PK or APTT it appeared that an average 
dose of 30, not 15, ml plasma/kg BW, was needed to correct the coagulopa-
thy [182]. In a retrospective study on the use of FFP in a medical care ICU 
during 5 months of 2004, 155 patients had an PK 1.5 but no active bleeding 
and of these, 44 patients were transfused with FFP. Invasive procedures and 
a history of gastro-intestinal bleeding were more frequent in the patients 
receiving transfusion. PK was corrected in 16 patients, and the median dose 
was 17 ml/kg BW. When PK was not corrected, the median dose was 10 
ml/kg BW. There were no differences in terms of new bleeding episodes or 
other clinical differences between those transfused and not transfused. How-
ever, there was a significant increase in new-onset acute lung injury among 
the transfused group (18% vs. 4 %, p=0.02) [183]. A systematic literature 
review was conducted on the predictive value of a prolonged PK or elevated 
INR for bleeding during invasive procedures. One trial and 24 observational 
studies were reviewed. There was insufficient evidence to conclude that test 
results can predicted bleeding [184]. A similar review on the outcome of 
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randomized, controlled trials of transfusion of FFP examined a total of 57 
trials. Little evidence was found for the current guidelines. The occurrence 
of transfusion reactions had not been assessed in the trials examined. The 
author’s view was that a comparisons of FFP with pathogen-inactivated 
plasma would not add to the current lack of evidence for present practice. 
Thus, new and better studies are needed [168].  

Transfusion reactions

Transfusion reactions are reported in terms of the numbers per 100,000 
transfusions in hemovigilance networks [185]. Such reactions are reported 
more often after transfusion of plasma or plasma-containing platelet compo-
nents than after transfusion with erythrocytes. In hemovigilance reports 
[186-189] mild allergic reactions occur in up to 162 of 100,000 transfusions 
and febrile non-hemolytic reactions in up to 53 per 100,000 transfusions. 
More severe allergic reactions are seen in up to 24 of 100,000 transfusions. 
Circulatory overload is reported in 1-2 per 100,000 transfusions and transfu-
sion associated acute lung injury (TRALI) in 2 per 100,000. Transfusion of 
the wrong component is reported in 1 per 100,000 transfusions. There were 
no cases of viral transmission reported, and also no cases of anti-IgA ana-
phylaxis. There were no reports reactions caused by citrate toxicity. In the 
UK, measures to decrease the risk of TRALI include the selection of plasma 
from male donors only for transfusion, so that possible HLA- and leukocyte 
specific antibodies in the donor can be avoided [189].  

The risk of transfusion-transmitted infection (TTI) 
The requirements for the selection of donors and the testing of blood col-

lection procedures are formulated in EU-directive 2002/98/EU, with its sub-
sequent commission directive 2004/33/EU. In Sweden there are as yet no 
requirements for nucleic acid technology/testing for HCV, HIV or HBV, 
pathogen inactivation of blood components or quarantine storage of plasma. 
The risk of transmission of viral infections via transfusion by Swedish blood 
components was assessed in 2001 [190] as 1/>2 million transfusions for 
hepatitis B and C and 1/>6 million transfusions for HIV. The number of 
transfusions per year in Sweden is about 600,000, so there has been about 12 
million transfusions since the introduction of testing for HIV 1 from 1986 
and HIV 1+2 from 1991 [56]. 

There have been no reported cases of transfusion transmitted HIV since 
1986 or of HCV since 1993 and only one case of transfusion-transmitted 
HBV since 2000 [56, 191]. With respect to bacterial contamination of 
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plasma, no case of contamination was reported to Riskdatabasen, NBHW 
between January 1996 and September 2004. This positive epidemiological 
situation can only be maintained by continuous careful selection and testing 
of donors and donated blood.  

In response to the emergence of the prion disease, variant Creutzfeld Ja-
cob´s disease (vCJD), in the UK, a number of precautionary measures have 
been taken: no plasma is used the preparation of medicinal products or trans-
fused to children, no use of transfusion recipients as blood donors and man-
datory leukocyte depletion of all blood component. Screening tests are under 
development. For the prevention of this and more frequently occurring seri-
ous hazards, a Program for Better Blood Transfusion has been introduced. 
One of the goals is to decrease transfusion hazards by defining evidence-
based indications and auditing the compliance [189].   



31

Aims of the study 

To describe therapeutic apheresis practices in Sweden including the 
collection of hematopoietic stem cells and to analyze changes over 
time in those practices. 
To describe and analyze adverse effects and problems during thera-
peutic apheresis, with regard to technique and diagnosis, over time. 
To analyze the differences among the participating centers with re-
gard to adverse effect in plasma exchange. 
To evaluate the clinical outcome of plasma exchange in patients 
with multiple organ failure, including renal failure. 
 To survey the preparation and storage methods for plasma compo-
nents and perform a validation study. 
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Material and methods 

Data collection and databases 

Centers performing therapeutic apheresis (paper I, II and IV) 
In order to collect information on all therapeutic apheresis in Sweden, active 
centers first needed to be identified. Official support was requested from the 
Swedish Societies of Nephrology and Transfusion Medicine, respectively. 
All heads of transfusion centers and dialysis units were approached in writ-
ing. The Societies of Dialysis Nurses and Apheresis Nurses and Technicians 
were asked for assistance. In papers II and IV the participating centers are 
listed.

Data on therapeutic procedures (paper I) 
The data collection form for therapeutic apheresis procedures was developed 
in 1992, with reference to existing forms from the French Apheresis Registry 
and CAG. The forms were circulated to physicians engaged in therapeutic 
apheresis prior to the start of data collection. From 1993-1995, the forms 
were revised to cover more information regarding the various types of 
apheresis procedures. The collection forms were sent by mail, and reminders 
were sent by mail and by phone. The classification system (ICD 9 and ICD 
10 from 1997) was used for the coding of indications and the referral diag-
nosis was accepted. The centers were asked to submit both the indication and 
the correct code. Questions and requests for clarification were handled by 
phone. Every year a number of unclassified indications were entered. Data 
concerning therapeutic apheresis were entered into an MS Excel spreadsheet 
1993. From 1994-1999, an MS Access database was used, and data were 
transferred via MS Query to Excel for analysis. Since 2000 MS Excel 
spreadsheets have again been used. The form is included in Appendix II. 
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Data concerning adverse effects (papers II and IV) 
The data collection form for AE in therapeutic apheresis was developed in 
1995 with the aid of existing forms and the input of colleagues. A coding 
system for symptoms, problems, procedures, vascular accesses, substitution 
fluids, anticoagulation, equipment and separation systems was developed to 
permit electronic data management. A grading system (I-IV) for symptoms 
was included. A guideline for the use of the form was attached. The form has 
not been revised in the interventing period. Participation was voluntary, and 
the participants were invited to submit the forms as part of the procedures to 
be followed when an AE occurred. Clarifications of and corrections to the 
submitted forms were requested by phone. Data on AE were entered into an 
MS Access database, and analyzed in Excel. Since 2000, MS Excel spread-
sheets have been used. The form is included in Appendix III.

Plasma exchange as rescue therapy (paper III) 
Apheresis and clinical data were collected concerning consecutive patients 
with multi-organ failure, including renal failure, who had been treated with 
PE in the (then) Regional Hospital in Umeå and Örebro. Apheresis data col-
lected were: national registration number, age and gender, dates of treatment, 
device used, weight, height, volume of plasma removed, type and volume of 
substitution fluids and AE. Clinical data were: date of admission, date of 
admission to the ICU (if different); APACHE II score, data on the clinical 
course and organ function, type and duration of dialysis, circulatory support 
and mechanical ventilation, drugs administered and other treatment, result of 
bacterial cultures, laboratory analysis (hematology, coagulation assays, liver 
and kidney function tests), diagnoses, length of stay and outcome.  

Plasma: different preparation and storage procedures (paper V) 
Survey of preparation and storage procedures 
A data collection form for the survey was developed in concert with the di-
rectors of the University Hospital transfusion centers. Data were collected 
during February-March 2005. All but two transfusion centers used the ISBT 
128 coding system for blood and blood components, that gives detailed in-
formation about the preparation, leukocyte content and storage conditions. 
Information on the maximal storage time allowed before outdating was re-
quested.

Preparation and storage experiments (paper V) 
Non-leukocyte-depleted, leukocyte-depleted (by re-centrifugation) and 
apheresis (Baxter Autopheresis C) plasma components were collected and 
prepared according to SOP in the transfusion center in Uppsala. Leukocyte-
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depleted (by whole blood filtration) and apheresis (Haemonetics PCS 2) 
plasma components were collected and prepared according to SOP in the 
transfusion center in Örebro. Ten units from each group were stored directly 
at +2-6ºC, and 10 units were frozen on day 0 and thawed on day 1 according 
to SOP before storing at +2-6ºC. Another 10 units of whole blood filtered 
plasma were frozen on day 6 and thawed on day 7 before continued storage 
at +2-6ºC. Samples for investigation were obtained on days 0, 1, 7, 14, 28 
and 42 using the sterile connecting device, divided into aliquots, rapidly 
frozen and stored at -70ºC until analyzed. The experimental protocole is 
summarized in Table 5. 

Laboratory investigations 
Regular cell counters were used for the counting of erythrocytes and plate-
lets. Leukocytes were counted by the Nageotte method or flow cytometry. 
Microparticles were labeled with anti-whole Glanzman antibodies and ana-
lyzed by flow cytometry. Commercial kits were used for the analysis of cit-
rate, TAT, fibrinogen, C1INH, IL6 and TNF . Reagents from Stago were 
used for the analysis of APTT, PK, D-dimer, antithrombin, FVIII and protein 
C. Kallikrein-like activity was measured with the chromogenic substrate 
S2302.  

Table 5. Overview of analysis performed during the storage period. When results on 
day 42 were different from those on day 0, samples from day 28 and earlier were 
tested. 

Analysis/day 0 1 7 14 28 42 

Citrate content X     X 

Cells  X      

Microparticles  X     

Cytokines (IL6 and TNF ) X     X 

Protein concentration and function       

Fibrinogen  X     

FVIII function (recovered plasma) X X X    

Antitrombin III  X X X X X X 

Protein C  X X X X X X 
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C1INH X X X X X X 

APTT X X X X X X 

PK X X X X X X 

Kallikrein-like activity X X X X X X 

Fibrin D-dimer X X X X X X 

Thrombin-antithrombin complex 
(TAT) 

X     X 

Statistical analysis was performed using Statistica v 7.  

Analysis of data 

Therapeutic procedures (paper I) 
All data from 1993-1999 were extracted and analyzed together. The cover-
age was estimated from the last report for missing, still active centers. For 
comparison within and outside Sweden, numbers for all procedures were 
expressed per 100,000 inhabitants. The indications for plasma exchange and 
column procedures for selective and specific adsorption of plasma constitu-
ents were analyzed together. The collection of HPSC was analyzed sepa-
rately in a similar fashion. Changes over time were analyzed with Pearson’s 
correlation test. A p-value of <0.05 was considered significant. 

Adverse effects (paper II) 
Data concerning AE from 1996-1999 were extracted from the database and 
analyzed together. Background data for the participating centers were re-
trieved from the hemapheresis database for the corresponding years. The 
occurrence of symptoms of differing levels of severity was analyzed over 
time. Symptoms and different problems were analyzed in relation to aphere-
sis technique. Specific symptoms were analyzed in relation to severity. The 
frequency and severity of symptoms were analyzed for the various indica-
tions for PE and the collection of HPSC. Chi-square (for larger samples) or 
Fisher’s exact test (for smaller samples) were used for comparisons between 
groups and Pearson’s correlation test for trends. A p-value of <0.05 was 
considered significant. 
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Inter-center analysis (paper IV) 
In order to analyze inter-center differences in AE a new database was re-
quired. All data from 1996-2002 were entered into an MS Excel spreadsheet. 
The corresponding background data for PE procedures were extracted from 
the original forms. AE included: moderate- or severe symptoms and access, 
technical or other problems. AE were calculated per year, per indication and 
per center. Specified symptoms and problems were analyzed against the 
substitution fluids in the reports of AE and per center. The inter-center 
analysis was performed for the regular participants, i.e. those centers report-
ing every year. Chi-square (for larger samples) or Fisher’s exact test (for 
smaller samples) were used for comparisons between groups and Pearson’s 
correlation test for trends. A p-value of <0.05 was considered significant. 

Plasma exchange as rescue therapy (paper III) 
A total of 76 patients were identified and evaluated. APACHE II scores were 
routinely calculated during the first 24 h in the ICU in 49/76 patients before 
the start of PE. Since APACHE II was not regularly scored at the start of the 
evaluation period, it was calculated retrospectively by the intensive care 
specialists if sufficient data were available. Scores were calculated for DIC 
in 76 patients and for septic shock in 66 patients. Multi-organ dysfunction 
score was calculated from the data for the period prior to the initiation of PE, 
although some data were missing. Parallel treatment with heparin, LMWH, 
antithrombin, IVIg and hydrocortisone was noted. Removed and substituted 
plasma, FFP and albumin was calculated as ml/kg BW. All variables were 
calculated for the whole group and for the dialysed versus the non-dialysed.  
The outcome was release from the hospital or death, and comparisons were 
made to historical controls and to predictions from the APACHE II scores. 

Plasma: different preparation and storage procedures (paper V) 
Data were analyzed in terms of the various preparation types on day 0 and 
the types of storage on days 1–42, and the absolute and relative changes 
were computed. Analysis of variance (ANOVA) with Tukey´s honest test 
was performed for groups. Mann-Whitney’s test was used for non-paired 
samples and Wilcoxon´s test for paired samples. Pearson’s correlation test 
was used for the correlation of parameters and chi square analysis was used 
for the comparison of frequencies. A two-tailed p value of <0.05 was con-
sidered significant. 
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Results and discussion 

Therapeutic apheresis (paper I) 
From 1993 to 1997, a total of 40 centers were identified: 20 dialysis units 
and 16 transfusion centers, 2 ICU wards, a hematology ward, and a special-
ized apheres unit. It was estimated that more than 90% of all TA and HPSC-
collections performed in Sweden were covered by the registry. Treatment 
facilities were available in all health care regions, in 9 university hospitals 
and in 17 county hospitals. All centers but one performed PE. The university 
hospital and one county hospital performed HPSC collection and cytaphere-
sis. Column procedures were performed in all university hospitals and ECPT 
in three of them. The smaller centers (<10-20 procedures per year) did not 
perform TA each year, and a few centers did not report every year. Each 
year, about 450 patients were treated with 4,000 procedures. About 400 pa-
tients and allogenic donors donated HPSC, for a total of approximately 800 
HPSC-collections.

The indications for TA are presented in Appendix I, Tables 1-4 for 1995 
and 1999; 60% of the patients were treated for internationally accepted or 
acceptable indications. About 40 indications are specified, but altogether 80 
indications were reported. Many indications are rare, such as drug poisoning, 
hemolytic transfusion reactions and threatened kidney function [192, 193] 
and will never be proven in studies. There were significant changes over 
time. The number of patients with GBS, the largest patient group in 1993, 
decreased as did the number of treatments per patients. The number of PE 
procedures per patient decreased for systematic lupus erythematosus (SLE), 
while an increase was seen for Goodpasture’s syndrome. The number of PE 
procedures decreased, while the use of column procedures increased.  How-
ever, there was no change in the total number of TA procedures over time, 
with a median of 46 treatments per 100,000 inhabitants being performed. 
There was a median of 9 HPSC-collections per 100,000 inhabitants, and an 
increasing number of allogenic donors.  

Since 1999, continued registration has shown more changes (see Appedix 
I, Tables 1-4 [57]. The number of patients with GBS (evidence level A) has 
decreased further, although the number of hospitalized patients has not 
[194]. Patients with SLE or severe sepsis/septic shock are now less often 
referred for TA. 
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TA has become an important part of transplantation treatment, and about 
50% of all patients undergo apheresis in conjunction with transplantation 
[57]. New columns for the removal of anti-A/anti-B prior to ABO-
incompatible organ transplantation have been introduced [49, 195]. Studies 
have been conducted regarding anti-HLA-antibody removal prior to trans-
plantation [196-198] and for transplant rejection [199].  

A new TA technology for the removal of leukocytes in a new patient 
category, inflammatory bowel disease, led to the appearance of new aphere-
sis centers in gastro-enterology and medicine wards from 2002 [57]. There 
has been a rapid increase in the number of patients and procedures for this 
indication. The Swedish council for assessment of medical technology in 
health care (SBU) is preparing an evaluation of the evidence for this treat-
ment modality.  

There are differences in indications from center to center and country to 
country. Financing of treatment by a special agency will lead to the introduc-
tion of rules for reimbursement and therefore influence the practices in the 
corresponding area or country. Such differences may be seen in reports from 
national surveys and registers that present specified indications (see Table 6) 
[60, 62, 64, 200].  

Table 6. Number of patients in yearly surveys of the use of TA. The percentage 
of indications, grouped according to the AABB/ASFA classification [82]. Plasma 
exchange (PE); column adsorption (Co); cytapheresis (Cy). HPSC-collections are 
not included. 

 Norway [64] Hungary [200] Sweden (Appendix I) 

Year 2000 2001 2004 1995 1999 2005 

Number of patients 144 664 819 658 472 453 

Type of TA PE, Co PE, Co, Cy PE, Co, Cy 

Category I-II 77 % 81% 80% 61% 63% 48% 

Category III 13% 13% 15% 16% 16% 15% 

Category IV/NC  1% 5% 4% 11% 12% 35% 

Not specified 7% - 1% 12% 9% 2% 
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The number of patients per 100,000 inhabitants was 6.5 in Hungary in 
2001, 3.2 in Norway in 2000 and 5.3 in Sweden in 1999. There has been a 
decrease in the number of patients in Sweden, but an increase in Hungary. 
The number of procedures per 100,000 inhabitants was 43 in Norway, 23 in 
Hungary and 46 in Sweden. Such comparisons can raise the question of both 
over- and under-use of TA, and continued work with the registering and 
analysis of the therapy and its clinical outcome may render answers.  

Adverse effects (paper II) 
Altogether, 75% of all TA and HPSC-collections in Sweden were performed 
in centers that also reported AE. The reporting centers performed all types of 
TA, and the registry covered 12,527 TA procedures and 1,913 HPSC collec-
tions. The AE in this study were: symptoms, (graded as mild, moderate, se-
vere or fatal), vascular access, and technical or other problems. AE occurred 
in a total of 608 procedures (4.2%), while 173 procedures were interrupted 
(1.2%). There were no fatalities. There were significant differences among 
TA techniques: Leukocytapheresis had a higher rate than did PE, otherwise,  
PE was associated with more symptoms, accesses problems and interrupted 
procedures than were the other techniques. There were more technical prob-
lems in column procedures and ECPT. Paresthesia, hypotension and urticaria 
represented 61% of the 14 moderate-to-severe symptoms specified. Hy-
potension was the predominant severe symptom. Patients with TTP-HUS 
had a significantly higher frequency of symptoms. HPSC-collections were 
interrupted in 0.6% of cases. Donors of allogeneic HPSC-cells had a lower 
frequency of AE than did patients undergoing HPSC-collections.  

Inter-center analysis (paper IV) 
AE in PE were reported by 13 centers that performed 12,461 (70%) of the 
total procedures from 1996-2002. Of the total 2,512 patients treated with PE, 
1,739 (69%) were from these 13 centers. Eight centers, all in university hos-
pitals, reported ever year. Mild symptoms were not included in the study, 
and access, technical and other problems were included in the total rate of 
AE. Overall, between 18 and 28% of the patients suffered an AE, and 5.0% 
of the procedures were complicated by an AE. PE in patients with neurologi-
cal and necrotising vasculitic diseases had significantly higher frequencies of 
AE, as had the small group patienys with pregnancy disorders. Of the 620 
reports of AE analyzed, 269 involved substitution with albumin, 81 with 
albumin and FFP, 167 with albumin and plasma and 91 with FFP/plasma. 
There were significant differences observed: In the reports of albumin hy-
potension, vasospasm and stopped procedures were the most frequently ob-
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served. When FFP or plasma was used, either in combination with albumin 
or alone, urticaria, paresthesia and flushing dominated. For the combination 
of plasma with albumin or FFP, shivering and dyspnea were most frequent. 
Eight centers were compared to the sum of all and to each other. There was a 
four-fold difference in the overall frequency of AE, and a four-fold differ-
ence in the frequency of AE in GBS, TTP-HUS and in hyperviscosity syn-
dromes between the center with the highest and the lowest frequency. There 
was a more than four-fold difference in the occurrence of four specified 
symptoms: hypotension, urticaria, paresthesia and shivering. The differences 
between centers in terms of the specified diagnosis and symptoms can be 
explained in part by the choice of substitution fluids, but there must be other 
differences as well. However, the data did not allow further analysis. Early 
in the study period, one of the eight centers decreased its use of plasma as a 
regular substitution fluid. At the conclusion of the analysis, one center de-
cided to use calcium gluconate prophylactically, and one center decided to 
evaluate the quality of plasma used.  

These results are comparable to those of other studies from analogous 
time periods (see Tables 3-4). However, comparisons between these studies 
are hampered by differences in terminology and possible differences in re-
porting routines. Within the mandatory hemovigilance system in EU the 
terminology has been decided [201]. The proposal for a new classification 
system of transfusion reactions could possibly be relevant for further im-
provement of the follow up AE [202]. 

In the yearly reports the occurrence of AE is now reported separately for 
PE, other forms of TA (mainly column procedures) and HPSC-collections. A 
variation in the frequency of AE between different centres with regard to 
HPSC-collection has been identified and discussed. The Swedish Apheresis 
Group has now moved to a higher level of co-operation by conducting and 
publishing such comparisons. 

 Plasma exchange as rescue therapy (paper III) 
Over the course of 18 years 76 patients were treated with PE as rescue ther-
apy (41 men and 35 women): 6 were children, 3 – 18 years old. The median 
age was 48 years (mean 47, range 3-82). Severe sepsis or septic shock was 
the main diagnosis for the MODS in 86.8% (66 patients), and bacterial cul-
ture was positive in 65 patients. The median APACHE II score was 21 (5-41, 
mean 21.6), the median MODS score 5 (1-6, mean 4.37) and the median 
septic shock score 4 (2-4, mean 3.5). Dialysis was required in 66 % (50 pa-
tients) and mechanical ventilation in 72% (55 patients). PE was performed a 
median of two times (range 1-14 times) with a centrifuge system. About 30-
35 ml of plasma/kg BW was removed and replaced with an equal volume of 
plasma. If bleeding was present, FFP was given instead of plasma (not FFP).
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In all, 221 PE procedures were performed without severe or life-threatening 
AE; 31 procedures were performed under a prospective protocol. A total of 
four reports of AE were noted: One patient experienced dyspnea and ab-
dominal discomfort, and two patients experienced tingling around the mouth. 
Symptoms could be treated and the procedure continued. A technical prob-
lem occurred in one case, when 100 ml blood was lost due to leakage in the 
centrifugal system. After a change was made to correct the defective system, 
the procedure was continued without any symptoms occurring in the patient.  

In all, 14 patients died, corresponding to a survival rate of 82%. The pa-
tients who died were older than the survivors but did not differ with regard 
to the need for dialysis or the number of failing organs. This is a signifi-
cantly better outcome (p<0.0001) than that seen with optimized ICU therapy 
in patients with a similar severity of disease (APACHE II score or historical 
controls). There were no serious AE. 

PE involves the non-specific removal of toxins, activated cascade proteins 
and other plasma constituents. The use of plasma as a substitution fluid (30 
ml/kg BW) provides a patient of 70 kg with a non-specific dose of about 20 
g of immunoglobulins, transport proteins, protease inhibitors and 2,000 IU of 
coagulation proteins per procedure. This therapeutic approach has been used 
in several Swedish hospitals as a rescue therapy [57]. An RCT on PE was 
conducted [109] but the outcome was not conclusive, and further investiga-
tions are needed.

Plasma: different preparation and storage procedures 
(paper V) 
Altogether 109 plasma components from 99 donors were analyzed. In addi-
tion to the expected leukocyte contamination, platelets were predominantly 
seen in non-leukocyte-depleted components and in components prepared 
with apheresis, using the centrifugation method. Apheresis plasma obtained 
by the membrane/centrifugation method had a higher volume and a lower 
citrate content, as compared to the separation by the centrifugation metod, 
reflecting different selection of parameters. There were minor differences 
among the five separation methods on day 0. Irrespective of the preparation 
or storage method, individual plasma units showed cold-induced contact 
activation during storage, as measured by kallikrein-like activity. Prepara-
tions could be divided into three groups: early-activated (by day 14 at the 
latest), late-activated (by day 42 at the latest) and non-activated. In the con-
tact-activated plasma units, the pattern of changes in APTT, PK, protein C 
and C1INH was significantly different from that in the non-activated units, 
and C1INH was found to be consumed. Plasma units from women showed 
significantly earlier and a higher frequency of contact activation. By day 14, 
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22% of the plasma units were activated and C1INH had dropped to 53% in 
the contact-activated units. Plasma units from women and units stored longer 
than 7 days showed an increased level of unpredictability with regard to their 
effect on transfusion and the risks involved, and their use should therefore be 
avoided.

Plasma is predominantly used for complex coagulopathy in patients with 
cardiovascular diseases and in surgery [203, 204] Recently it has been 
shown that the level of FV and FVIII will be maintained as well in thawed as 
in non-frozen plasma [205]. However, plasma, whether in the form of 
thawed FFP or non-frozen plasma, should be reserved for patients who may 
benefit from the complete protein content of the component and not harmed 
by the volume needed to correct the coagulopathy, i.e. severe bleeding. In 
such patients, rapid availability is an issue [164, 206, 207]. Non-frozen or 
thawed plasma with a predictable stability, i.e. plasma from male donors 
only and a storage time of up to 7 days may meet this need.  

For the future
In Sweden there is high access to both plasma components and TA. Up to 
30% of all TA procedures or plasma transfusions are probably for empiric or 
rescue therapy. There is sofar, a high degree of safety, transfusion reactions 
are very rare, and although AE in apheresis treatment are common, most are 
amenable to treatment. No fatalities due to AE have been reported. However, 
when the benefit is uncertain, the benefit-risk equation may be unfavourable 
in such therapy. The collection and analysis of data concerning clinical out-
come, especially in empiric treatment, deserves attention in TA and plasma 
transfusion. The goal must be to provide the clinician with an improved sci-
entific base for decisisons in difficult situations.  

The apheresis centers in the university hospitals provide the treatment for 
about 90 % of all patients treated with TA, about 15-60 patients per center 
and year. In collaboration between the apheresis specialists and the referring 
clinicians, relevant outcome data could be identified, collected and analyzed. 
The Swedish site of the WAA registry has been prepared for the registration 
of such data. Continued inter-center comparisons in the field of apheresis are 
expected to improve practices and stimulate scientific work.  
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Conclusions

TA in Sweden has been centralized to the university hospitals and a few 
county hospitals and the majority of the indications are acceptable or de-
fendable, as in rescue therapy for threatened kidney function. 
AE in TA are common (4.2% overall, 5.0% in PE) but are mostly amena-
ble to treatment; no fatalities have occurred. 
The frequency of AE is higher in neurologic and necrotizing vasculitic 
diseases. This higher rate may be related to the use of substitution with 
plasma in TTP and Goodpasture’s syndrome and possible autonomic dys-
function in GBS and other neurological diseases. 
The use of PE in severe sepsis/septic shock with renal failure needs to 
further studied 
There are different patterns of AE depending on the substitution fluid 
given.
The inter-center differences in the frequency and symptoms of AE may be 
used to develop best practice. 
The quality of thawed plasma is comparable to that of non-frozen plasma. 
Plasma from women and plasma stored longer that 7 days have a higher 
frequency of cold-induced activation and show consumption of C1INH. 
In circumstances in which plasma is needed immediately and in PE, a low 
level of C1INH may influence the benefit-risk equation unfavorably.  
Plasma should be obtained from male donors, and the storage time limited 
to 7 days.  
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Appendix I 

Table 1. Report of TA 1995, 1999 and 2005 in Sweden: the number of patients re-
ferred for treatment, grouped according to the categories by AABB/ASFA 2003: 
Category I. The categories of the and the European Society for Haemapheresis and 
haemotherapy (ESFH) 1998 and Canadian Apheresis Group (CAG) 1999 are also 
shown. Techniques: plasma exchange (PE); column procedures (Co); reductice cy-
tapheresis (Cy), extra-corporeal phototherapy (ECPT).  

Diagnosis / indication Technique 1995 1999 2005 ESFH CAG 
GBS PE/Co 85/2 43/1 14/1 Y1 A2

TTP3-HUS4  PE/Co 67/1 40 21 Y A 

Myasthenia gravis PE/Co 27/1 22/4 13/2 -E5 A

Chron infl polyneuropathy PE 15 14 13 -E B6

Goodpasture´s syndrom PE/Co 11/3 11/8 7/3 Y A 

Refsums disease PE 0 0 1 Y A 

Familial hypercholesterolemia Co 21 20 16 Y B 

Leukocytosis/thrombocytosis Cy 32 11 31 Y A 

Hemoglobinopathy Cy 0 2 1 Y A 

Cutaneous T-cell lymphoma ECPT 3 13 4 Y  

Number of patients  268 200 127   

Percentage in category I  41 42 28   

1 Y=acceptable; 2 A=shown effective; 3 TTP=thrombotic thrombocytopenic purpura- 
HUS=hemolytic uremic syndrome; 4: TTP-HUS were reported together in 1995 and 1999, bu 
separate in 2005; 5 –E=experimental; 6 B=effect unclear or under study
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Table 2. Report of TA in Sweden 1995, 1999 and 2005: the number of patients referred for 
treatment, grouped according to the categories by AABB/ASFA 2003: Category II. The cate-
gories of the European Society for Haemapheresis and haemotherapy (ESFH) and the Cana-
dian Apheresis Group (CAG)are included. Techniques: plasma exchange (PE); column proce-
dures (Co); reductice cytapheresis (Cy), extra-corporeal phototherapy (ECPT).  

Diagnosis / indication Technique 1995 1999 2005 ESFH CAG 

Hyperviscosity/Waldenström PE 81 63 44 Y1 A2

Familial hypercholesterolemia PE 8 12 5  A 

RPG3 PE 8 2 2 -E4 C5

Myeloma PE 7 10 15 Y A 

Cryoglobulinemi PE 4 4 2 Y A 

Coagulation factor inhibitors Co/PE 2/1 0 0 Y A 

Myelitis PE 0 1 1   

ABO-mismatch –ab removal Co 0 0 16   

Polycytemia Cy 23 5 6 -E A 

Number of patients  134 97 91   

Percentage in category II  20 21 20   

1 Y=acceptable; 2 A= shown effective; 3 PRG= rapid progressive glomerulonephritis;  
4 –E= experimental; 5 C= shown not effective; 
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Table 3. Report of TA in Sweden 1995, 1999 and 2005: the number of patients referred for 
treatment, grouped according to the categories by AABB/ASFA 2003: Category III. The 
categories of the European Society for Haemapheresis and haemotherapy (ESFH) 1998 and 
the Canadian Apheresis Group (CAG) 1999 are included. Techniques: plasma exchange (PE); 
column procedures (Co); reductice cytapheresis (Cy), extra-corporeal phototherapy (ECPT): 

Diagnos / indication Technique 1995 1999 2005 EESFH CAG 

Vaskulit PE 35 19 10 -E B 

Wegeners syndrom PE/Co 19/2 8/2 10/1 -E  

SLE PE/Co 12/2 14/2 2 -E B 

HLA-ab-removal PE/Co 9/3 0 0/8 -E  

HUS PE   10 -E  

Autoimmune Hemolytic Anemia  PE 7 8 3 -E A 

Dermatomyosit PE 2 2 2 -E C 

Hepatic failure PE 0 2 1  C 

Mb Raynaud PE 1 2 1 -E  

Sclerodermia/Syst. Sclerosis PE 2 3 0   

Multipel sclerosis PE 1 2 1  C 

Rh-imm PE/Co 3 1/1 1 -E C 

Idiopathic Thrombocytopenia PE 1 1 0  B 

Drug overdose PE/Co 2/1 1 2   

FSGS ± transplant PE/Co 0 1 5/1   

Stiff man syndrome Co 2 0 0   

Transplant rejection ECPT 0 4 10 -E  

Number of patients  104 73 79   

Percentage in category III  16 19 18   
For abbreviations, please see table 1-2 and 4.
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Table 4. Report of TA in Sweden 1995, 1999 and 2005: the number of patients referred for 
treatment, grouped according to the categories by AABB/ASFA 2003: Category IV and non-
classified. The categories of the European Society for Haemapheresis and haemotherapy 
(ESFH) 1998 and the Canadian Apheresis Group (CAG) 1999 are included. Techniques: 
plasma exchange (PE); column procedures (Co); reductice cytapheresis (Cy), extra-corporeal 
phototherapy (ECPT): 

Diagnosis / indication Technique 1995 1999 2005 ESFH CAG 

Rejection of transplant PE/Co 28/2 15/1 12/34  C1

Ulcerous colitis Co 0 0 60   

Mb Crohn Co 0 0 41   

Mixed inflammatory bowel disease Co 0 0 2   

Pemphigus PE 1 4 0 Y2 A3

Sepsis/septic chock/MODS PE 38 19 3   

Capillary leak syndrome Co 1 2 0   

GVHD4 ECPT 0 16 5   

HELLP5 PE 0 1 1   

Number of patients  70 58 158   

Percentage in category IV and 
non-classified

 11 12 35   

Percentage not specified indica-
tions 

 12 9 2   

Total number of patients  658 472 453   
1 C=shown not effective; 2Y=acceptable; 3 A= shown effective; 4 GVHD=graft versus host 
disease; 5 HELLP =hemolysis, elevated liver enzymes, and low platelets syndrome 
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Aferesenheten vid  .................................................................................................................................

Postadress ....................................................................................Telefon ...........................................

...................................................................................................... Telefax ...........................................

Kontaktperson ............................................................................ E-mail  ...........................................

Befattning .................................................................
___________________________________________________________________________________
Efter ifyllandet insändes blanketten under adress: Statistikgruppen, Blodcentralen,

Universitetssjukhuset Örebro, 701 85  ÖREBRO
senast  XX/X XXXX

Ansvarig för sammanställningen är överläkare Rut Norda. Förfrågningar eller synpunkter är välkomna på
tel 018/6111097 Rut Norda eller 019/602 21 91, Kerstin Larsson alt fax 019/602 32 76,
e-mail: rut.norda@akademiska.se eller blodcentralen@orebroll.se.

_______________________________________________________________________________

1. Vilka aferestekniker utnyttjas för patientbehandling och/eller BMT/PBSCT?

PLASMAFERES CYTAFERES
A. Plasmabyte antal C. BMT/PBSC antal

plasmabyten centrifugteknik ............... leukaferes PBSC ............…

plasmabyten filterteknik ............... leukaferes märg ............…

Summa Summa

B. Plasmamodulation antal Övriga cytafereser antal

kaskadfiltrering ............... erytrocytaferes ............…

protein A adsorption ............... trombocytaferes                     ............…

LDL-adsorption ............... leukocytaferes …………

andra behandlingstyper ADA-kolumn …………
(specificera)

Summa

D. Extracorp. fotokemo- antal
Summa terapi (fotoferes)

antal
2. Hur många terapeutiska aferesbehandlingar gjordes XXXX

3. a) hur många av dessa utgjordes av akut insatta behandlingar ........................
  (behandling insatt samma dag som begäran gjorts)

    b) hur många av dessa akut insatta behandlingar gjordes på jourtid ........................



4. a) Ange klinisk diagnos alternativt indikation för plasmabyte.
Specificera  både antal patienter  och antalet aferesbehandlingar per indikation.

Plasmabyten Antal pat. Antal behandl.

hyperviskositetssyndrom med M-komp. (D 47.2) .......................     .......................

Guillain-Barre´s syndrom (G 61.0) ....................... .......................

kron. infl. Polyneuropati (G 61.9) .......................     .......................

myastenia gravis (G 70.9) .......................     .......................

her. hyperkolesterolemi (E 78.0) .......................     .......................

TTP (M 31.1) ....................... .......................

HUS (D 59.3) ....................... .......................

RPG (N 01) .......................     .......................

Goodpasture´s syndrom M 31.0) ....................... .......................

Wegeners syndrom (M 31.3) ....................... .......................

vaskulit (M 30.8) ....................... .......................

SLE (M 32.9) ....................... .......................

HLA-ak avlägsnande före transplantation (T 80.9) ....................... .......................

rejektionsbehandling efter transplantation (T 86.9) .......................     .......................

sepsis/septisk chock (A 41.9) ....................... .......................

multiorgandysfunktion (A 41.9) ....................... .......................

M. Waldenström (C 88.0) ....................... .......................

........................................................... ....................... .......................

........................................................... ....................... .......................

........................................................... ....................... .......................

...........................................................          ....................... .......................

........................................................... ....................... .......................

........................................................... ....................... .......................

........................................................... ....................... .......................

........................................................... ....................... .......................

Summa *)

*)skall överensstämma med delsumma 1A

4. b) Ange klinisk diagnos och/eller indikation för immunadsorption eller annan plasmamodulation. Specificera både
antal patienter och antalet aferesbehandlingar.

Plasmamodulation Antal pat. Antal behandl.

Guillain-Barre´s syndrom (G 61.0) ......................     .......................

myastenia gravis (G 70.9) ...................... .......................

her. hyperkolesterolemi (E 78.0) .......................     .......................

TTP (M 31.1) .......................     .......................

HUS (D 59.3) .......................     .......................

Goodpasture´s syndrom (M 31.0) .......................       ......................

Wegeners syndrom (M 31.3) .......................       .......................

SLE (M 32.9) .......................     .....................

HLA-ak avlägsnande före transplantation (T 80.9) .......................     .......................

rejektionsbehandling efter transplantation (T 86.9) .......................     .......................



........................................................... .......................     .......................

........................................................... .......................     .......................

........................................................... ...................... .......................

........................................................... .......................     .......................

........................................................... .......................     .......................

Summa *)

*)skall överensstämma med delsumma 1B

4. c) Ange klinisk diagnos och/eller indikation för extracorporeal fotokemoterapi (”fotoferes”).
Ange såväl antal patienter som antal behandlingar.

Antal pat. Antal behandl.

graft versus host reaktion (T 86.0) .......................    .......................

rejektionsbehandling efter transplantation (T 86.9)              .......................    .......................

kutant T-cells lymfom (C 84) .......................    .......................

diabetes mellitus (E 14) ....................... .......................

psoriasis artrit (L 40.5)                                                        .........................          .....................

dermatomyosit (M 33.1) .......................     .......................

”red man syndrome” (R 23.2) ....................... .......................

......................................................... ....................... .......................

......................................................... .......................      .......................

.......................................................... .......................     .......................

.......................................................... ....................... .......................

Summa
*)skall överensstämma med delsumma 1D

4. d) Ange klinisk diagnos och/eller indikation för leukaferes för insamling av perifera stamceller eller
märgprocessning. Specificera om möjligt antal patienter och antal behandlingar.

Antal pat. Antal behandl.

akut lymfatisk leukemi (C 91.0) ..................... .......................

akut myeloisk leukemi (C 92.0) ..................... .......................

kron. lymfatisk leukemi (C 91.1) ..................... .......................

kron. myeloisk leukemi (C 92.1) .....................      .......................

M Hodgkin (C 81.9) .....................      .......................

Non-Hodgkin lymfom (C 82, C 83, C 84) .....................       .......................

annat lymfom (C 83.9)                                                         .....................       .......................

myelom (C 90.0) .....................       .......................

ca mamm (C 50.9) .....................       .......................

småcellig lungca (C 34.9) .....................       .......................

Ewing sarcom (C 41.9) .....................       .......................

teratom (D 48.9) .....................       .......................

............................................................... .....................       .......................

............................................................... .....................       .......................

............................................................... .....................       .......................



............................................................... .....................      .......................

............................................................... .....................     .......................

...............................................................                             .....................         .......................

allogena givare .....................          .......................

Summa
*)skall överensstämma med delsumma 1C, BMT/PBSCT

4. e) Ange klinisk diagnos och/eller indikation för cytaferes: erytrocytaferes, trombocytaferes, 
leukocytaferes samt erytrocytbyte. Specificera om möjligt antal patienter och antalet  behandlingar.

Antal pat. Antal behandl.

polyglobuli (D 75.1) ….............. .......................

polycytemia vera (D 45) ..................... .......................

thalassemi (D 56.9) ..................... .......................

sickle cell anemi (D 57.1) ..................... .......................

akut lymfatisk leukemi (C 91.0) ..................... .......................

akut myeloisk leukemi (C 92.0) ..................... .......................

kron. lymfatisk leukemi (C 91.1) ..................... .......................

kron. myeloisk leukemi (C 92.1) ..................... .......................

myelom (C 90.0) .....................      .......................

............................................................... .....................       .......................

............................................................... .....................         .......................

............................................................... .....................         .......................

............................................................... .....................         .......................
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                 BIVERKNINGSRAPPORT
Datum: .............................

A. Basdata
Personnr ........................................................      Sjukhus ................................................................

Diagnos  ........................................................      Klinik    ...............................................................

.......................................................................      Uppgiftslämnare ..................................................

Indikation för aferes  ......................................     Behandlingsdatum ...............................................

B. Biverkningsdata
Typ av biverkning Gradering
Medicinska biverkningar: 1=lätt  2=medel  3=svår
0111  Urticaria
0112  Flush
0113  Andningspåverkan
0114 Quinke ödem
0115  Anafylaktisk chock
0121  Yrsel
0122  Blodtrycksfall
0123  Blodtrycksstegring
0124  Rytmrubbningar
0131  Pirrningar, stickningar
0141  Illamående
0151  Frossa
0161  Magsmärtor
0162  Ryggsmärtor
0191  Annat (v g specificera!)
Accesskomplikationer: 1=från pat   2=till pat
0211  Kärlspasm
0221  Koagelbildning
0231  Efterblödning
0241  Hematom
0251  Infektion
0291  Annat (v g specificera!)
Tekniska komplikationer: 1=stopp  2=läckage  3=handhavande
0311  Aferesmaskin
0321  Sekundär behandlingsmaskin
0331  Set
0341  Övervakningsutrustning
0391  Annat (v g specificera)
Övrigt: 1=från pat  2=till pat 3= primär sekundär maskin
0411  Hemolys, nytillkommen
0421  Koagel i slangset

Åtgärd: ........................................................................................................................................

Behandling:  genomförd/avbruten  p g a ........................................................................................
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Typ av behandling: Antikoagulantia:             ratio citrat/blod

5111  Plasmabyte 851  ACD                                     ................
5121  Leukaferes (PMNC) 852  CPD                                      ................
5122  Leukaferes (MNC) intermittent/kontinuerligt

5131  Erytraferes 8531  Heparin (lågmolekylärt)       ................
5141  Trombaferes 8532  Heparin (högmolekylärt)      ................
5151  LDL-adsorbtion 8591  Annat (v g specificera!)        ................
5152  Protein A-kolonn Maskin:
5153  Fenylalanin-kolonn Centrifugsystem
5154  Tryptofan-kolonn 5611  Baxter, CS 3000
5161  Kaskadfiltrering 5621  Cobe Spectra
5164  Anionbytare (BR) 5622  Cobe 2991
5171  Fotoferes 5631  Fresenius AS 104
5191  Annat (v g specificera!) 5641  Haemonetics V30

Access: från/till patient 5642  Haemonetics V50

521  Perifer ven                      .................. 5643  Haemonetics MCS
522  Central ven                     .................. 5644  Haemonetics MCS 3p
523  Vena femoralis               .................. 5651  Dideco Vivacell
524  Artär                               .................. 5691  Annat (v g specificera!)
525  AV-fistel                        .................. Filtersystem
529  Annat (v g specificera!) 5711  Gambro HF

Substitution: mL, tillförd substitution 5712  Gambro AK 10

61   Natriumklorid                   .................. 5713  Gambro KM 8500
62   HES                                  .................. 5721  Fresenius 2008
63   Dextran                             .................. 5731  Excorim PEM 10
64   Ringer-laktat 5791  Annat (v g specificera!)
65   Albumin 3,5%                  .................. Filter fabrikat/typ: ...........................................
66   Albumin 4%                     .................. Selektiva system
67   Albumin 5%                     .................. 5811  Baxter ADA
68   Albumin 20%                   .................. 5821  Excorim Citem 10
71   Lagrad plasma                  .................. 5831  Ashai Plasauto
72   Färskfryst plasma             .................. 5841  Kaneka MA 01
69   Annat (v g specificera!)    .................. 5851  Therakos Uvar
83   Kalciumglubionat    intermittent/kontinuerlig 5891  Annat (v g specificera!)

84   Kalciumtablett           .................

Signatur ...................................................
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Ringa in aktuellt alternativ.
Gradera.
Specificera v b.

lätt = biverkningen fordrar ingen
terapi, påverkar ej hem-
aferesbehandlingens
genomförande.

medelsvår = biverkningen fordrar
behandling, hemaferesbe-
handlingen fördröjs men
kan fullföljas.

svår = biverkningen fordrar terapi
och hemaferesbehandlingen
måste avbrytas.
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