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Polyvinylpyrrolidone (PVP)

A silent killer?



PVP: what is it?

Various poly (arylethersulfone)-based dialyzer 
membranes (PS, PES) use poly (N-vinyl-2-pyrrolidone) 
(PVP), which is responsible for pore size building 
during membrane manufacturing as well as 
improvement of the hydrophilicity of these kind  
of membranes.
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INTRODUCTION

Anaphylactic and anaphylactoid reactions that occur during 
haemodialysis (HD) have been known since 19751. Since then, 
many articles on these types of reactions have been published, 
although most of them deal with few cases, with different 
membranes, sterilising agents, medication administered 
during dialysis and water purity level, etc. There are no well-
designed prospective epidemiological studies that inform 
us about the exact incidence and the effect of these types of 
reactions. In a study carried out in 1985, Daugirdas reported 21 
severe reactions, with one fatal case, in 260,000 HD sessions2. 
In 1987, the prevalence of “first use” hypersensitivity 
reactions was studied in the United Kingdom. Results showed 
that 1 in every 20 to 50 patients were likely to experience an 
anaphylactoid reaction with a new dialyser, which indicates 
the magnitude of the problem3. These reactions were not 
related to a specific membrane, type of dialyser or dialysis 
technique. Years later, another study analysed the incidence 
of reactions in 1536 patients from 30 dialysis centres (122,694 
sessions), observing a yearly incidence rate of 0.17 per 1000 
sessions with cellulose membranes and 4.2 per 1000 sessions 
with synthetic membranes4. Thus, these reactions are not 
extremely common; however they occur from time to time in 
all dialysis units and they are more frequently associated with 
the use of synthetic membranes.

 
TYPES OF REACTION
 
The reactions that occur during HD are the result of an 
immunoallergic response by the patient after exposure to 
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foreign substances present in the extracorporeal circuit and/
or a response induced by the interaction of blood with the 
dialysis membrane5. There are two types6.

 
Type A or hypersensitivity reactions
 
This type normally occurs in the first minutes of the 
dialysis, although they can occur up to 30 minutes after 
dialysis begins. Symptoms are urticaria, coughing, 
rhinorrhoea, lacrimation, abdominal cramps, pruritus, 
a burning sensation, angioedema, dyspnoea and even 
circulatory collapse and death. These are severe reactions 
and require the immediate discontinuation of dialysis, and 
it is recommended that the blood from the extracorporeal 
circuit not be returned. Type A reactions can, in turn, 
be anaphylactic when they are mediated by IgE or 
anaphylactoid if they are not mediated by IgE.

The most characteristic reactions have been reported in 
relation to ethylene oxide (EO), the reuse of dialysers, 
and the combination of polyacrylonitrile membranes 
(PAN AN69) and angiotensin-converting-enzyme (ACE) 
inhibitors.

The classic reaction to EO only occurred during the first 
use of a dialyser sterilised with EO that had not been 
primed properly. Most cases found IgE against EO in 
the plasma of the patients who suffered these types of 
reactions1,7. Nowadays this sterilising agent is no longer 
used in dialysers and has been replaced with gamma 
radiation or steam. In any case, in the event of a reaction 
in dialysis, we must be aware that EO is still used as a 
sterilising agent for some needles, syringes and dialysis 
lines. Anaphylactoid reactions have also taken place when 
polysulfone and cellulose acetate dialysers are reused8. 
There was also an increase in the risk of hypersensitivity 
reactions when sodium hypochlorite or hydrogen peroxide 
were used to clean the dialysers’ blood compartments9.
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Abstract
High-quality dialysis does not always mean high efficiency;
dialysis should maintain nutritional balance and full bio-
compatibility. In undergoing treatment with polymethyl-
methacrylate (PMMA) and/or ethylene vinyl alcohol
copolymer (EVAL) membrane dialysers, the body weight
decrease caused by polysulfone membrane has been dra-
matically improved for those receiving predilution online
haemodiafiltration (HDF) as well. These membranes are
assumed to somewhat suppress the clearance of small
molecular weight substances to maintain an exquisite bal-
ance of broadly removing low molecular weight proteins.
This removal process is assumed to be extremely close to
the balance maintained by the clearing characteristics of the
kidneys. On the other hand, fluid purification is also one of
the important factors in high-quality dialysis. Bacteriologi-
cal contamination of dialysis fluid is one of the serious fac-
tors that deteriorate the biocompatibility of dialysis therapy.
From this therapeutic concept, the patient survival rate is
excellent in our facilities: the 1-year survival rate is 91.1%
and the 5-year survival rate is 76.6%, although the mean
age of our patients is 69 years. We usually adjust the ther-
apeutic modality based on patient complaints, and we call
thisconcept‘patient-orienteddialysis’(POD).InthePODsys-
tem, the prevalence of uraemic pruritus or sleep disturbances
waslowerthanthatoftheDOPPS.Theprotein-leakingdialysis
modalities with PMMA, EVAL or predilution online HDF
form the keyconcept in the PODsystem.

Keywords: biocompatibility; nutrition; PMMA; POD system

Introduction

The number of chronic dialysis patients has risen to
>280 000 in Japan. The growing concerns for dialysis
treatment are increasing for the elderly, diabetics and
long-term dialysis patients. The Japanese Society for Dial-
ysis Therapy (JSDT) revealed that the mean age of dialysis
patients was 65.3 years, the percentage of diabetic patients
was 43.2% and 25.9% of patients had been receiving dial-
ysis for >10 years [1]. Consequently, the goal of dialysis
treatment has changed from saving the lives of patients

with kidney failure in the 1960s and 1970s to the preven-
tion of such complications as dialysis-related amyloidosis
(DRA) in the 1980s and the 1990s. In the mid-1980s, beta-
2 microglobulin (β2MG) was identified as the origin of
DRA [2]. Since then, various synthetic membranes with
high permeability (HPM) have been developed to effec-
tively remove β2MG and to prevent DRA. HPM has been
developed concomitantly with the purification of dialysis
fluid, and both have actually delayed the onset of DRA
[3,4]. In the last decade, inflammation caused by comor-
bidity and bioincompatibility of extracorporeal circulation
are the most remarkable issues. This inflammation is now
believed to be the cause of a specific variety of dialysis-
related episodes such as malnutrition, inflammation and
atherosclerosis (MIA) syndrome [5], resistance to erythro-
poiesis-stimulating agents and DRA [6]. Currently, the aim
of chronic dialysis therapy is the prevention of MIA syn-
drome and increasing the quality of life for the patient.

Some patients in our facilities frequently complain of
itching, irritability, depression, disturbed sleep and other
discomforts. These symptoms are serious problems for
the patient because they deteriorate the quality of life.
Some of these symptoms are known as significant predic-
tors of patient mortality [7,8]; however, no uraemic toxins
have been identified as associated with these uncomfort-
able symptoms [9]. There is nothing written to tell us
how to treat these symptoms. Many nephrologists do not
regularly ask the patients about their feelings toward their
dialysis, such as ‘How do you feel about this dialysis mem-
brane?’ or ‘How have your feelings changed after switch-
ing from haemodialysis (HD) to haemodiaf iltration
(HDF)?’ If we ask them about their feelings, they would
give us a variety of important suggestions. Many patients
in our facilities favoured dialysers made of polymethyl-
methacrylate (PMMA), ethylene vinyl alcohol copolymer
(EVAL), polyacrylonitrile (PAN; AN69) or predilution on-
line HDF mode. Why do they love these therapeutic pre-
scriptions? Is there any rationale as to why?

With this issue, we would like to consider the relation-
ship between the patient’s preferences in relation to the
characteristics of dialysis quality and, finally, propose a
method to prevent MIA syndrome and improve the dis-
comfort experienced by dialysis patients.

© The Author 2010. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
For permissions, please e-mail: journals.permissions@oxfordjournals.org

Haemodialysis is an extracorporeal blood cleansing tech-
nique that is used to remove metabolic waste products 
that accumulate in patients with end-stage renal disease 
(ESRD). Solutes and water are removed through semi-
permeable membranes using different mass separation 
mechanisms (diffusion, convection and adsorption). 
Traditionally, dialysis membranes have been broadly clas-
sified on the basis of their composition (cellulosic or non-
cellulosic) and water permeability (low or high flux)1. The 
evolution of biomaterials and improved fibre production 
(spinning) technology have resulted in new membranes 
with specific characteristics and refined properties that 
mandate a reconsideration of traditional membrane classi-
fication schemes2. The incorporation of innovative manu-
facturing processes, such as polymer blending3 and surface 
functionalization4, has led to a consideration of several 
other parameters for membrane categorization, including 
new permeability indices5, hydrophilic versus hydrophobic 
balance6, adsorption capacity7 and electrical potential8.

In this Review, we provide an overview of the state 
of the art in membranes and dialysers that are used for 
chronic haemodialysis treatment and related therapies. 
We provide a brief historical perspective and discuss the 
characteristics of commonly used membranes (includ-
ing the materials technology that underlies membrane 
composition) and the way in which they are assembled 
into a dialyser. We highlight the different mechanisms 
that mediate solute removal (mainly diffusion and 

convection), with particular emphasis on the key part 
played by blood–membrane interactions. We pres-
ent an updated membrane classification scheme and a 
description of conventional and new parameters that 
are used to characterize and quantify membrane solute 
and water transport. Finally, we discuss the utilization 
of membranes and dialysers in clinical practice, with an 
emphasis on newer and emerging applications.

A history of dialysis membranes
Although other approaches were previously used on a 
small scale9,10, the rotating drum kidney was the first hae-
modialysis membrane configuration that was employed 
to treat large numbers of patients11. This device com-
prises a 30 m cellophane tube (inner diameter = 35 mm) 
that is wrapped in a spiral manner around a cylinder 
that rotates in a stationary dialysate bath (Supplementary 
Fig. 1a). Although dialysis could be provided without 
a blood pump owing to the very low resistance of the 
blood compartment, the low transmembrane pressures 
(TMPs) that were generated by this system severely lim-
ited ultrafiltration capabilities. Another limitation of this 
membrane system was its large extracorporeal blood vol-
umes (500–700 ml). A modified system in which higher 
blood compartment pressures allowed for adequate 
ultrafiltration was later developed12.

The next device that was widely used, the coil dialyser 
(Supplementary Fig. 1a), had technological characteristics 
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Abstract
The majority of severe hypersensitivity reactions in hemodialysis patients have occurred due to

sensitization to ethylene oxide or to nonbiocompatible membrane dialyzers. The use of polysulfone

dialyzers rarely causes hypersensitivity reactions. In the present study, we describe a case of severe

life-threatening reactions induced by polysulfone dialyzers (from different manufacturers subjected

to a variety of sterilization methods), which occurred after 9 sessions of hemodialysis with the same

prescription, exemplifying the complexity of such reactions.
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INTRODUCTION

Awide range of clinical symptoms may occur during and/

or shortly after the completion of hemodialysis (HD).

Some of these may be caused by particular characteristics

of the dialyzer, and its interaction with blood, signifi-

cantly with nonreused dialyzers. ‘‘Hypersensitivity reac-

tions,’’ ‘‘first-use syndrome,’’ and ‘‘dialyzer-associated

hypersensitivity reactions’’ are some of the terms used

to describe these symptoms.1

These reactions are divided into either type A (hyper-

sensitivity reactions) or type B (nonspecific reactions).

Their incidence is difficult to determine, given the lack of

uniform criteria for diagnosis and classification. Reported

incidence estimates ranged from 3 to 5 in 100,000 dial-

ysis sessions for severe, nonfatal reactions, to 3–5 in 100

for type B reactions.2

The majority of severe hypersensitivity reactions in HD

patients have occurred due to sensitization to ethylene oxide

or to nonbiocompatible membrane dialyzers, such as a cupr-

ammonium membrane. However, there is the possibility of

adverse reactions caused by other HD substances. Adverse

reactions with biocompatible polysulfone (PSu) membranes

are rare, even though some authors described anaphylactoid

reactions related to them.3,4 Polyvinylpyrrolidone (PVP), a
recognized allergenic compound, is used to hydrophilize

PSu membranes, in order to inhibit interactions with plasma

proteins and platelets, which may precipitate and cause

harmful reactions to patients undergoing hemodialysis.

In the present study, we describe a case of severe life-

threatening reactions induced by PSu-PVP (from different

manufacturers subjected to a variety of sterilization meth-

ods), which occurred after 9 sessions of HD with the
same membrane.

CASE REPORT

A 77-year-old man with stage 4 chronic kidney disease

due to nephrosclerosis was admitted to the urgency
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Abstract—In Pharma application various elastomeric 
components are used as primary packaging and fluid 
transportation. Several methods are available for 
sterilization and among all steam & gamma sterilization are 
most suitable methods for elastomeric components. In this 
study the effect of steam & gamma sterilization has been 
compared with non sterile components.  Steam and gamma 
which has been used as a source for sterilization that may 
affect the molecular chain & crosslink density of 
elastomeric components. This study serves to help 
understand the potential deterioration of physical and 
chemical properties, the possible impact to functionality and 
the potential changes to the extractable/leachable profile as a 
result of sterilization.  

Keywords: Steam, Gamma, Extractable 

I. INTRODUCTION 
To study and test the extract of elastomeric component 
which are used as primary packaging in pharmaceutical 
industry is subject of interest. Some extractable are desire 
and some extracts are undesirable.  

Extractable: - Extractable are chemical species / compounds 
that can be extracted from a primary container or component 
material (e.g. the elastomeric or plastic components) into 
drug or biological product & contaminate and/or cause 
various potential issues. Extractable are mostly generated by 
interaction between products and their packaging over time, 
usually under extreme conditions e.g. the presence of strong 
solvents or elevated temperatures. 

Leachables: - Leachables are compounds that leach into the 
drug or biological product from the container-closure system 
such as the elastomeric or plastic components, or coatings 
of the container and closure system. Leaching is mainly as a 
result of direct contact with the formulation under normal 
conditions of use. Leachables are typically a subset of 
extractables, and have potential to affect the product in 
various ways. 
Extractables and Leachables: 
Extractables may be different than Leachables due to: 
 Different extracting conditions 
 Different time frames 
 A particular Extractable or Leachable can occur in more 

than one component of the container-closure system 
e.g. Calcium from both plastic resin and elastomer 
Container-Closure System 

 The sum of the packaging components that together 
contain and protect the dosage form. This includes both 
primary and secondary packaging components.

Sources of extractables and Leachables: 
 Plastic components - Vinyl Monomer & Plasticizers 

e.g. Phthalates. These are added to plastics to make 

them more flexible and can be found throughout the 
manufacturing process and in packaging materials -
carcinogenic. 

 Rubber: Nitrosamines, Vulcanizing Agents, 
Accelerators, polynuclear aromatic hydrocarbons 
(PAHs) - carcinogenic 

 Many drug products are distributed / administered in 
packages made of plastic and rubber components: 
phthalates, PAHs, or nitrosamines could potentially 
come into contact with the drug product and be harmful. 

 Inks & adhesives from labels, coatings, antioxidants, 
catalyst residues, organic oligomers, heavy metals. 

 Metered-dose inhalers (MDIs), dry-powder inhalers 
(DPIs), and nebulizers can be complex because they 
may be constructed from a myriad of plastic, rubber, 
and stainless steel components. 

Fortunately, information on potential leachables may be 
obtained from the known ingredients of the rubber and 
plastic materials. 
For example: 
 Thiurams, dithiocarbamates, and ercaptobenzothiazoles 

are commonly used sulphur-containing curing agents in 
rubber manufacturing; hence, they are potential 
leachables in the drug product where sulphur-cured 
rubber is used. 

 Polybutylene terephthalate (PBT) is a widely used 
polyester plastic in medical device and MDI valve 
components. 

 PBT oligomers and other residuals or degradants can be 
similarly leached from the valve components fabricated 
from this material. 

Methodology: 
 Collecting the halobutyl rubber stoppers and compound 

for the same, then prepares samples of steam sterilized 
stopper and gamma sterilized stopper and carry out the 
extraction for testing as mentioned in IP. Then carry out 
the counting of extractable by using GC and 
spectrophotometer. Compare the no of extractable found 
in unprocessed, steam sterilized rubber stoppers and 
gamma sterilized rubber stoppers. 

Sample preparation: 
Steam sterilization parameters: 

 Temperature  :- 121°C 
 Holding time  :- 60 minutes 
 R.H. :- less than 60% 

Gamma sterilization parameter: 
 Energy level:- 25 KGY 

Test results: 

No of  extractable No of  extractable 

Unprocessed 28 25 26 

Steam sterilized 24 23 24 

•	� Polyvinylpyrrolidone (PVP), a recognized allergenic compound, is used to hydrophilize PSu 
membranes, in order to inhibit interactions with plasma proteins and platelets, which may precipitate 
and cause harmful reactions to patients undergoing hemodialysis.

•	� Polyvinylpyrrolidone is a recognized allergenic compound that may be released into circulation during 
hemodialysis, causing anaphylaxis.

•	� In the present study, we describe a case of severe life threatening reactions induced by PSu-PVP  
(from different manufacturers subjected to a variety of sterilization methods), which occurred after  
9 sessions of HD with the same membrane.

•	� PVP is a well-known allergen used to hydrolyse the membrane and inhibit its interaction with  
plasma proteins and platelets. Its release into the bloodstream during HD may cause severe 
anaphylactic reactions.

•	� PVP is leached from synthetic membranes, especially under specific sterilization conditions. 
Furthermore, PVP leaching might be a potential cause of an anaphylactic reaction in a  
hemodialysis patient.

Hypersensitivity Reactions…

High-quality Dialysis…

Anaphylactic Reaction…

Impact of Steam and Gamma…

Haemodialysis Membranes
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 What about long term effect of PVP accumulation?

“PVP storage disease” is a disorder occurring in patients who have 
received high molecular weight PVP, which cannot be excreted from 
the body. This large polymers deposit in the histiocytes and cause 
proliferation and infiltrations of histiocytes in the reticuloendothelial 
system. Prolonged administrations might cause bone destruction, 
skin lesions, arthritis polyneuropathy, bone marrow failure, 
myelofibrosis.
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 Other sources of PVP causing “storage disease”

We identified 13 patients with PVP deposition and re-evaluated 31 
biopsies and two autopsies. Common indications for biopsy were 
renal insufficiency, anaemia, pathological fractures, and abdominal 
complaints. We observed PVP deposits in all biopsies (kidney, 
hematopoietic bone marrow, bone, gastrointestinal tract, lymph 
node, and skin) and all sampled tissue from the autopsies. Overall, 
the clinical findings could be related to PVP deposits in the biopsies. 
In the most seriously affected patients, PVP deposition caused  
severe organ dysfunction and contributed to the fatal outcomes of 
two patients.
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We studied the elution of PVP from the following dialyzers:

•	 Allmed PS160:				    1.6m², low flux, steam-sterile

•	 Fresenius F7HPS:	 1.6m², low flux, steam-sterile

•	 WEGO F16:			   1.6m², low flux, gamma-sterile

•	 BAIN B-16P:			  1.6m², low flux, gamma-sterile

All similar age (i.e. similar storage period from date of production) for 
maximum control of variables

Table 1. Technical Data of Investigated Dialyzers (Per Dialyzers Group, n = 12)

Dialyzer Flux Surface Area (m2) Membrane Material Sterilization

PS160

Low flux 1.6

PSu Steam

F7HPS PSu Steam

F16 PSu Irradiation

B-16P PES Irradiation

PES, polyethersulfone; PSu, polysulfone
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Take-away messages

•	� The UV testing method is more reliable than the Iodine testing method (as the UV method is not 
dependent on the PVP chain lengths, therefore is more fair as a controlled comparison)

•	� In 4 hour dialysis simulation, the gamma-sterile dialyzers (i.e. WEGO and BAIN) released ~7x more 
PVP than the steam-sterile dialyzers (i.e. Allmed and Fresenius)

•	� A patient dialysing on a BAIN or WEGO gamma filter can expect to return home with ~700% more PVP 
in their body than the one dialysing on an ALLMED or FRESENIUS steam sterilized filter
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