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A b s t r a c t : Membrane plasma exchange (PE) is a mode of extracorporeal 
blood purification. Since 1985 membrane PE has been in regular use at the Department 
of Nephrology, Medical Faculty of Skopje, R.Macedonia. In this paper we report on 
five years (2000–2004) of single centre plasma exchange activity. We performed 540 
PE treatments (108 PE/per year) on 99 patients. The M/F ratio was 40/48. The patients 
underwent a median of 5.45 procedures (range, 1–16). The treated patients were from 
different Departments. Protocols for PE depend on the disease and its severity. PE were 
performed 2–4 times weekly using Gambro PF 2000 N filters with an adaptation of the 
Gambro AK10 dialysis machine or with the Gambro Prizma machine (2 cases). Blood 
access was achieved through femoral vein. Substitution was made with fresh frozen 
plasma and/or with 20% human albumin combined with Ringer’s solution. An average 
amount of 2150 ml plasmafiltrate per treatment (respectively 30 to 40 ml plasmafil-
trate/kg body weight) was eliminated.  

Most therapeutic procedures were performed on patients from the Department 
of Neurology. 63.6% of all patients were referred for Myasthenia gravis and the Guil-
lian Barre syndrome. The total number of procedures per year has remained fairly stable, 
corresponding to a median of 5.4 treatments/100 000 inhabitants. We observed hypo-
calcaemia in 8% of the patients, urticarial reactions in 7.3%, pruritic reactions in 12%, 
and hypotension/headache in 6.8%. No major procedural complications were seen.  
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Introduction 
 

Membrane plasma exchange (PE) is a mode of extracorporeal blood puri-
fication. Plasma exchange offers the capability of removing molecules of diffe-
rent molecular weights that have accumulated in the intravascular space. During 
the past period PE has been used to remove different unwanted substances from 
the blood: toxins, metabolic substances, and plasma constituents implicated in 
disease, such as complement or antibodies. Plasma can be purged of nonspecific 
factors such as mediators of inflammation and lymphokines that contribute to 
the severity of a disease process without being its root cause. The indications for 
apheresis have changed over the years [1, 2]. The application of various forms 
of apheresis techniques is extending and so is their technical development [3]. 
The first clinical application of therapeutic PE in the world was in 1952 in a pa-
tient with Waldenstrom disease. Waldenstrom macroglobulinemia was the most 
frequent reason for the plasma hyperviscosity syndrome [4]. Since 1985 mem-
brane PE has been in regular use at the Department of Nephrology, Clinical 
Centre, Medical Faculty of Skopje, R.Macedonia [5, 6, 7]. The number of thera-
peutic procedures is increasing steadily year by year. Unfortunately therapeutic 
apheresis in our Department is still limited to PE. In our country, depending on 
our health system, the costs that are coupled with plasma exchange procedure 
may be a cause of the restriction to a limited number of plasma exchanges and 
only one modality of plasmapheresis. 

In this paper we report on our five years' (2000–2004) experience with 
plasma exchange.  

 
 

Patients and methods 
 

In the course of 5 years, (2000–2004), 540 PE treatments (108 PE/per 
year) were performed on 99 patients at our Department of Nephrology, Clinical 
Centre, Medical Faculty of Skopje. The M/F ratio was 44/55. The patients under-
went a median of 5.45 procedures (range, 1–16). The patient characteristics and 
diagnosis are summarized in Table 1. The treated patients were from different 
Departments (Neurology, Nephrology, Intensive Care Unit, Haematology and 
Toxicology). The patients were diagnosed using standard clinical and laboratory 
criteria at the Departments where they were being treated. PE was considered 
only as an adjunct to the therapy of the underlying disease with steroids or other 
immunosuppressants, especially in cases with a poor outcome from using cur-
rent medications.  

Protocols for PE were different and depend on the disease and its seve-
rity. PE were performed 2–4 times weekly using Gambro PF 2000 N filters with an 
adaptation of the Gambro AK10 dialysis machine or with the Gambro Prizma 
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machine (2 cases). Blood access was achieved through the femoral vein. Sub-
stitution was made with fresh frozen plasma (FFP most often used) and/or with 
20% human albumin combined with Ringer’s solution. An average amount of 
2150 ml plasmafiltrate per treatment (respectively 30 to 40 ml plasmafiltrate/kg 
body weight per treatment – approximately one plasma volume) were elimina-
ted. Both fresh frozen plasma and human albumin were very well tolerated. We 
did not register any serious side-effects during the PE procedure. Most compli-
cations were mild, such as hypotension and hypocalcemia. 
 
 

Results 
 

Our centre performs an average 108 procedures per year (Table 1). 
Most therapeutic procedures were performed on patients from the Department 
of Neurology, 63.6% of all patients were referred for rapidly progressive neuro-
muscular syndromes: Guillain-Barre syndrome and Myasthenia gravis. The indi-
cations for PE are shown in Table 2, with separate indications for each year. The 
number of exchanges used to treat haematological and neurological disorders 
has remained constant in recent years. 
 
Table 1 – Tabela 1 
 

Number and distribution of patients and PE procedures from 2000 to 2004 
Broj i distribucija na bolnite i tretmanite so plazmafereza 

od 2000 do 2004 godina 
 

Year 2000        2001      2002      2003     2004      total 
No of patients 
No of PE 

  22            21          23          12         21          99 
122          129        121          55       113        540 

 
Except in the year 2003 a stable trend of activities was found during the 

last five years. In 2003 there was a problem with the new offer and reimbur-
sement of the plasma filters. The total population is about 2 milion inhabitants 
and has been stable through the years included in the study. The total number of 
procedures per year has remained fairly stable corresponding to a median of 5.4 
treatments/100 000 inhabitants. 

We observed hypocalcaemia in 8% of the patients, urticarial reaction in 
7.3%, pruritic reactions in 12%, and hypotension/headache in 6.8% (data not 
shown). No patient died during the procedure and no major procedural compli-
cations were seen. Patients respond well to intravenous calcium suplementation 
and/or methylprednisolone. Fresh frozen plasma, less expensive than albumin, is 
associated with more frequent urticarial and pruritic reactions than human albumin. 
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Table 2 – Tabela 2 
 

Main indications for PE expressed as the number of patients during 2000–2004 
Glavni indikacii za plazmafereza i broj na bolni 

vo tekot na 2000‡2004 godina 
 

Indications 2000      2001       2002      2003       2004     total 
Myasthenia gravis                         
Guillain Barres syndrome             
RPGN 
SLE 
TTP 
Rejection after transplantation 
HLA-ab removal before 
transplantation 
Wegener’s syndrome 
Myeloma multiplex 
Mushroom poisoning 
Macroglobulinemia 
Waldenstrom 
Goodpasture’s syndrome 
HUS 
Polymiozitis 
Total 

   7            7             8            7             8           37 
   7            6             5            2             6           26 
   2            3             1                                          6 
   3            3             1                                          7 
   1            1             3                                          5 
   2            1                            1             2            6 
 
                                                               1            1 
                                 2            1              1            4 
                                 1                            1            2 
                                 1                                          1 
                                 1                                          1 
                                               1                            1 
                                                                1           1 
                                                                1           1 
 22          21           23          12              21         99 

 
RPGN, rapidly progressive glomerulonephritis; SLE, systemic lupus erythematosus; 
TTP, thrombotic thrombocytopenic purpura; HLA-ab, HLA-antibodies; HUS, hemo-
lytic uremic syndrome. 

 
 

Discussion/Conclusion 
 

Our experience with plasma exchange is growing. There are many vari-
ables influencing the efficiency of PE. Reports in medical literature regarding 
the use of therapeutic PE have generated both enthusiasm and controversy. Des-
pite occasional complications the method is regarded as safe. Our database has 
also been useful in helping us understand the risks of PE. Most complications 
we observed were mild, which is in accordance with reports from other centres 
[8, 9]. All complications were successfully controlled with crystalloid or fresh 
plasma infusions or citrate management. Nogales-Gaete et al. also observed 
hypotension in 10% and paresthesias in 7% [10]. The French Registry Study 
Group reports that the immediate complications during PE decreased by half in 
the last 15 years [11]. Published data from Yeo at al. are not encouraging. They 
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analysed 568 PE treatments in 54 patients; 22% patients experienced a major 
complication including death, and 11% died [12]. 

In general, the total number of procedures per year in our Department 
has remained fairly stable, corresponding to a median of 5.4 treatments/100 000 
inhabitants. In other centres there has been a significant decrease of PE over time 
and other apheresis techniques are increasing. Over the years various apheresis 
techniques have been employed: cytapheresis (leucocytapheresis, erythrocyta-
pheresis, thrombocytapheresis), extracorporeal photo-chemotherapy, LDL-adsor-
ption techniques, and immunoadsorption with the protein A column. More than 
50 indications have been used for apheresis treatment each year.  

The most common indication for PE has been neurological disease. Neuro-
muscular respiratory failure is a common complication of rapidly progressive 
neuromuscular syndromes. PE and intravenous immunoglobulin are the corner-
stones of specific therapy for these illnesses when complicated by respiratory 
failure [13]. Evaluation shows a decrease in the Guillan Barre and SLE indica-
tion over the years. This is in agreement with experience from controlled studies 
on patients with SLE showing that the addition of pulse/synchronization aphere-
sis to cyclophosphamide therapy does not further improve the outcome in most 
of the SLE patients involved in those trials [14, 15]. Controlled studies on pati-
ents with GB showed that intravenous immunoglobulin is a choice of therapy 
equivalent to apheresis [16]. In our centre there was no decreasing trend in the 
Guillan Barre syndrome mainly because intravenous immunoglobulin is an 
expensive modality of therapy [17, 18]. In our country the annual number of PE 
procedures per inhabitant is far from that of other apheresis groups [19, 20, 21, 
22, 23, 24, 25, 26]. This difference may be partly explained by the fact that their 
data include all types of apheresis modality (not only PE). PE is useful in pati-
ents who have refractory clinical conditions and a life-threatening disease asso-
ciated with undesired circulating antibodies and who are not responsive to con-
ventional doses of corticosteroid or cytotoxic drug therapy. In future, close col-
laboration with other departments will be useful in order to increase the number 
of PE procedures and to collect more precise data. The data will be useful for 
the estimation of the financial resources needed for apheresis therapy, too. 
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Membranskata plazma izmena (PI) e na~in na vontelesno pro~istu-
vawe na krvta. Od 1985 g. membranskata PI regularno se koristi na Odde-
lot za nefrologija na Medicinskiot fakultet vo Skopje, R. Makedonija. Vo 
ovoj trud gi objavuvame aktivnostite povrzani za PI za pet godini (2000‡2004) 
vo na{iot centar. Izvedeni se 540 tretmani na PI (108 PI/godi{no) na 99 
pacienti. Odnosot ma`i/`eni be{e 40/48. Pacientite bea podlo`eni sredno 
na 5,45 proceduri (raspon 1‡16). Tretiranite pacienti bea od razli~ni 
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oddeli. Protokolite za PI zavisea od zaboluvaweto i negovata silina. PI 
se izveduvaa 2‡4 pati nedelno, koristej}i Gambro PF 2000 N filtri so 
adaptacija na Gambro AK10 aparat za dijaliza ili so Gambro Prizma aparat 
(2 slu~ai). Krven pristap be{e obezbeden preku femoralna vena. Sve`o 
smrznata plazma i/ili 20% humani albumini kombinirano so Ringer-ov ras-
tvor bea koristeni za supstitucija. Se eliminira{e sreden iznos od 2.150 
ml plazmafiltrat vo tek na eden tretman (30 do 40 ml plazmafiltrat/kg 
telesna te`ina). 
 Najmnogu terapevtski proceduri bea izvedeni na pacienti od Odde-
lot za nevrologija. 63.6% od site pacienti bea so Myasthenia gravis i Guillian 
Barre sindrom. Vkupniot broj na proceduri vo tek na edna godina ostana 
prili~no stabilen so sredno 5.4 tretmani/100.000 `iteli. Opserviravme 
hipokalcemija kaj 8% od bolnite, urtikarijalni reakcii kaj 7.3%, reakcii 
na jade` kaj 12% i hipotenzija/glavobolka kaj 6.8%. Ne bea videni golemi 
proceduralni komplikacii. 
 
Klu~ni zborovi: afereza, membranska plazma izmena, indikacii, tretman, 
komplikacii. 
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