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Abstract
Background/Aims: A recent alert from Spanish health authorities warned of a higher incidence 
of reported hypersensitivity reactions to hemodialysis membranes with polysulfone, in the 
2017 review of acute reactions to dialyzers found only published reports in the 21st century 
on polysulfone and its derivatives. The aim is to assess/evaluate the current incidence and 
characteristics of hypersensitivity reactions in hemodialysis patients. Methods: A retrospective 
multicentre study in 9 Spanish hospitals evaluated patients in whom a hypersensitivity reaction 
required a change in dialyzer membrane. Results: A total of 37 patients out of 1561 (2.37%) 
had hypersensitivity reactions and clinical, epidemiological and analytical data were available 
for 33 patients (2.11%). The membranes involved were polysulfone (n=23), polynephron (n=8), 
polyethersulfone (n=1) and polyacrylonitrile (n=1). This distribution reflected the frequency 
of use of membranes in the participating dialysis units. The reactions were described as 
type A in 18 cases and type B in 15 cases. There were no significant differences between the 
two types in clinical symptoms, the composition of the membrane involved, the method of 
sterilization, the season, or the time during the session in which they occurred. The most 
frequent symptom was dyspnea/breathlessness (64% of reactions). Eosinophilia was common 
(74%). 54% of the reactions occurred within the first 30 minutes of hemodialysis, 64% occurred 
during the first year of dialysis, and 54% required discontinuation of dialysis session. Cellulose 
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triacetate was used as an alternative dialyzer in 78% of the cases. Conclusion: The incidence of 
hypersensitivity reactions was in the range found in reports from 20 years ago and is observed 
associated with synthetic membranes, not just polysulfones. Cellulose triacetate appears to be 
a good alternative for these patients.

Introduction

Hemodialysis is an extracorporeal renal replacement technique in which the patient’s 
blood is in direct contact with different materials. The hypersensitivity reactions associated 
with dialysis membranes have long been known [1–7], although the causes are not well 
characterized [8, 9]. The complexity of dialysis systems, which are composed of a large number 
of different materials, makes it difficult to to accurately determine the agent that causes a 
hypersensitivity reaction in a specific patient. Hypersensitivity reactions have historically 
been classified as type A and type B reactions [4, 5]. Type A reactions start in the first few 
minutes after initiation of dialysis and clinical manifestations are variable. They may be IgE-
dependent (anaphylactic reactions, e.g. triggered by ethylene oxide, formaldehyde, latex, 
chlorhexidine, intravenous iron, erythropoiesis-stimulating agents or heparin) [10, 11], or 
IgE-independent (anaphylactoid reactions, e.g. those triggered by opioids, iodine contrasts, 
the AN69 membrane and non-steroidal anti-inflammatory agents)[12, 13]. Type B reactions 
are more frequent, start later in the hemodialysis session, and have milder symptoms. They 
are thought to be associated with the release of histamine, leukotrienes and bradykinin and 
are associated to the use of less biocompatible cellulosic membranes.

Membrane composition (from cellulose to synthetic membranes), sterilization methods 
(removal of ethylene oxide) and other materials in the dialyzer and tubing (glue, binders, 
plastics, latex, silicones, etc.) have evolved to improve biocompatibility. But despite this 
improved biocompatibility, no clear decrease in hypersensitivity reactions has been observed 
[6, 7,11, 14, 15]. However, the literature on incidence of hypersensitivity reactions is old. A 
recent (2017) review on the subject cited incidence data published before 1996, when many  
potential triggers are  no longer present today (as widespread use of cellulose or AN-69 
membranes and ethylene oxide sterilization) [16]. In 1996, a prospective French study of 
1573 patients reported an annual incidence of 0.17/1, 000 sessions per year for cellulose 
and 4.2/1, 000 sessions per year for synthetic membranes [15]. Some patients had several 
reactions, and reactions occurred in 1.3% of patients. However, the incidence for synthetic 
membranes was influenced by a very high incidence in patients on AN69 membranes taking 
ACE inhibitors (7.2% of patients had reactions vs 1.6% of patients with other synthetic 
dialysis membranes) [15]. In recent years, there has been a wave of reports of cases of 
hypersensitivity to dialyzers, many of them related to polysulfones [17–24]. Concern have 
been expressed that the high number of recent reports indicates an increased incidence, 
related to changes in the materials used to  manufacture synthetic membranes [6, 18, 21, 22, 
25, 26]. In this regard, Spanish health authorities issued in 2015 an alert on an increase in the 
incidence of reported hypersensitivity reactions to polysulfone membranes [27]. In a recent 
review of 2017, Boer et al. found a total of 30 cases of acute reactions to dialyzer membranes 
published in the 21st century: all of them were with membranes from the polyarylsulfonate 
family (polysulfone and polyethersulfone), which raises the concern that, among modern 
membranes, only those made of polysulfone and derivatives cause acute reactions [24]

We have now conducted a multicenter study to describe the incidence and clinical 
presentation of hypersensitivity reactions diagnosed by nephrologists, the associated factors 
and the materials and techniques involved, to improve our understanding of the current 
incidence and presentation of hypersensitivity reactions to dialysis.

© 2018 The Author(s)
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Materials and Methods

Study population
Retrospective multicenter observational study in adult dialysis units at 9 Spanish hospitals including 

all patients diagnosed with a dialysis membrane hypersensitivity reaction from August 2015 to August 2017.

Case definition
The case definition included a clinical diagnosis of symptoms occurring during the dialysis session, 

for which no other cause was found; which led the physician to prescribe a change in dialyzer, improving 
when the material in the dialyzer membrane was changed. The change in dialyzer had to be made within 
the same session in which symptoms developed or in the next session. There was no threshold for severity 
of symptoms other than the clinician’s decision to change the membrane. Being a retrospective study, this 
inclusion criterion was not expected to influence the case definition. Characterization as type A or type B 
reactions was made at each center by the clinician on duty.

Data collection
Cases were identified through a survey in each center. All nine centers contacted responded the survey. 

Cases were identified by an exhaustive review of electronic databases. Thirty-seven patients were identified 
who were prescribed a change in dialyzer because for suspected hypersensitivity reaction and symptoms 
improved on the new dialyzer. Only for 33 of them had the full dataset required to be evaluated. In four 
patients, detailed data for the episode were missing and were not analyzed. In this sense, since this is a 
retrospective study, it was not possible to guarantee the exhaustiveness of recording and registering of the 
characteristics of the episodes in the databases. However, the change of dialyzer is an event that is well 
collected in dialysis units using electronic databases, where the dialyzer used must be recorded.

The following data were obtained from electronic records: age, sex, hemodialysis vintage, hemodialysis 
technique and season in which the reaction occurred, clinical symptoms, timing of onset, responsible 
membrane, substitution membrane, whether symptoms persisted on another synthetic membrane and if 
the patient required treatment with a cellulosic membrane. Eosinophilia was defined as more than 500 
eosinophils per µl during the episode.

Outcome
The primary objective was to define the clinical characteristics of the episodes, the involved dialyzers 

and their frequency.

Statistical analysis
Categorical variables were expressed as frequencies and percentages and compared with the Fisher’s 

exact probability test. To compare more than two categorical variables, the chi-square (v2) test was used. 
Numerical categories were expressed as mean ± SD and compared using the Mann–Whitney U test. Statistical 
analyses were performed with STATA software for Windows, version 12.0 (Statacorp LP, College Station, TX, 
USA) with two-sided hypothesis testing and a P<0.05 as the criteria for statistical significance.

Results

During the study period, a total of 1561 patients were dialyzed in the nine dialysis units, 
using polysulfone (PS, n=893, 57%), polynephron (PN, n=407, 26%) or other membranes: 
polyethersulfone (PES), polyacrylonitrile (PAN) and others. All dialyzers were sterilized by 
steam or gamma rays.

Hypersensitivity episodes occurred in 37 patients, of whomthere were enough data 
available for 33 (Table 1). Membranes involved in hypersensitivity episodes included PS 
(n=23, 70%), PN (n=8, 22%), PES (n=1, 3%) and PAN (n=1, 3%). The reaction was described 
as type A in 18 cases (PS in 13, PN in 3, PES in 1 and PAN in 1) and type B in 15 cases (PS in 
10, PN in 5). There were no significant differences between the basic clinical characteristics 
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analysed between type A 
and type B, except for the 
dialysis vintage, which was 
lower for type B reactions, 
being 1 year in 64% of 
patients in the overall 
population (Table 1).

Table 2 shows the 
symptoms used to diagnose 
hypersensitivity and trigger 
membrane change. The 
onset of symptoms was 
within 30 minutes in around 
55% of patients. The range 
of symptoms was wide 
and the presentation very 
variable. The most frequent 
reaction was dyspnea in 
64% of patients, followed 
by hypotension (33%). The 
only statistically significant 
difference between 
reactions classified as type A 
and type B by nephrologists 
was nonspecific symptoms, 
which were unique to type 
B reactions.

The reaction was severe 
enough to discontinue the 
dialysis session in 55% of 
patients, but there were 
no differences in severity 
between type A and type 
B reactions (Table 3). In 
terms of  laboratory values, 
eosinophilia was present 
in 74% of patients. It was 
speculated that these 
reactions could occur more 
frequently in spring, which 
corresponds to maximum 
allergenic activity. This 
could not be confirmed 
by our analysis, as the 
episodes were distributed 
throughout the year and 
only 21.2% of episodes 
occurred in spring.

Switch dialyzer
The alternative dialyzer after the event was cellulose triacetate in 78% of the cases 

(Table 3). However, for the reactions classified as type A, the switch dialyzer was another 
synthetic membrane in 35% of cases.

Table 2. Symptoms that caused the membrane change for reactions 
classified as type A or B by nephrologists

Table 1. Clinical characteristics of patients according to the type of 
hypersensitivity reaction

1 

 

Variable Total Type A 
(n=18) 

Type B 
(n=15) P 

Age (years) 64.6 ± 15.7 64.0 ± 17.4 65.3 ± 14.1 Ns 
Male sex, n (%) 16 (48.5%) 10 (55.6%) 6 (40.0%) Ns 
Dialysis vintage, n (%)    0.023 
<1 year 21 (63.6%) 15 (83.3%) 6 (40.0%)  
1-2 years 2 (6.1%) 1 (5.6%) 1 (6.7%)  
2-3 year 1 (3.0%) 0 (0.0%) 1 (6.7%)  
>3 year 9 (27.3%) 2 (11.1%) 7 (46.7%)  
Membranes     
Polysulfone  23 (69.7%) 13 (72.4%) 10 (66.7%)  
Polynephron 8 (24.3%) 3 (16.6%) 5 (33.3%)  
Polyethersulfone 1 (3.0%) 1 (5.5%) 0 (0.0%)  
Polyacrylnitrile 1 (3.0%) 1 (5.5%) 0 (0.0%)  
Sterilization procedure    Ns 
Gamma Irradiation 10 (30.3%) 5 (27.6%) 5 (33.3%)  
Steam 23 (69.7%) 13 (72.4%) 10 (66.7%)  

 

Table 3. Additional data for reactions classified as type A or B by 
nephrologists

3 

 
 

Variable, n (%) Total 
(n=33) 

Type A 
(n=18) 

Type B 
(n=15) P 

Discontinuation of dialysis session 18 (54.5%) 8 (44.4%) 10 (66.7%) ns 
Eosinophilia 20 (74.1%) 11 (68.8%) 9 (81.8%) ns 
Month    ns 
   June-July-August 7 (21.2%) 5 (27.8%) 2 (13.3%)  
   Sept-Oct-Nov 10 (30.3%) 5 (27.8%) 5 (33.3%)  
   Dec-Jan-Feb 9 (27.3%) 4 (22.2%) 5 (33.3%)  
   March-April-May 7 (21.2%) 4 (22.2%) 3 (20.0%)  
     
Alternative Dialyzer    ns 
   Cellulose triacetate 25 (78.1%) 11 (64.7%) 14 (93.3%)  
   Polyacrylonitrile 2 (6.2%) 1 (5.9%) 1 (6.7%)  
   Polyethersulfone 1 (3.1%) 1 (5.9%) 0 (0.0%)  
   Polycarbonate 2 (6.2%) 2 (11.8%) 0 (0.0%)  
   Polysulfone/Helixone 2 (6.2%) 2 (11.8%) 0 (0.0%)  
   Unknown 1 (3.1%) 1 (5.9%) 0 (0.0%)  

 

 

2 

 

Variable, n (%) Total 
(n=33) 

Type A 
(n=18) 

Type B 
(n=15) P 

Onset <30 min, n (%) 18 (54.5%) 12 (66.7%) 6 (40.0%) ns 
Dyspnea 21 (63.6%) 13 (72.2%) 8 (53.3%) ns 
Vomiting 3 (9.1%) 2 (11.1%) 1 (6.7%) ns 
Low level of awareness 1 (3.0%) 1 (5.6%) 0 (0.0%) ns 
Chest pain 3 (9.1%) 2 (11.1%) 1 (6.7%) ns 
Hypotension 9 (27.3%) 4 (22.2%) 5 (33.3%) ns 
Cough 2 (6.1%) 0 (0.0%) 2 (13.3%) ns 
Hives 4 (12.1%) 1 (5.6%) 3 (20.0%) ns 
Digestive symptoms 3 (9.1%) 0 (0.0%) 3 (20.0%) ns 
Non-specific symptoms 4 (12.1%) 0 (0.0%) 4 (26.7%) 0.033 
Headache 4 (12.1%) 2 (11.1%) 2 (13.3%) ns 
Shivering 1 (3.0%) 1 (5.6%) 0 (0.0%) ns 
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Discussion

The main finding is an estimate of the incidence of acute dialyzer reactions in the 
21st century. Prior data were obtained more than 20 years ago when the mix of dialyzer 
materials was different. The incidence of hypersensitivity reactions was found to be in the 
range reported 20 years ago and they occurred with several synthetic membranes, with a 
frequency reflecting the prevalence of each membrane. Our results are paradigm-changing 
by demonstrating biased reporting that led prior authors to conclude, based on a literature 
review of case reports performed in 2017, that polyarylsulfone membranes are the only 
synthetic membranes inducing reactions in the 21st century, triggering a warning by Spanish 
Health authorities specifically for polysulfone membranes [24].

A recent increase in the number of reports on hypersensitivity reactions has created alarm 
and caused a warning by Spanish health authorities on the risks of polysulfone membranes 
[17–23, 27]. However, our findings indicate that the percentage of patients with reactions 
was in the range reported for synthetic membranes twenty years ago [15] and the episodes 
occurred with different synthetic membranes (PS, PN, PES, PAN) in frequencies reflecting 
their share of the membranes used in the participating dialysis units. The prevalence of 
hypersensitivity reactions in our study (2.37% of patients) was significantly higher than in 
a prior publication studying 1536 patients (p<0.05) [15]. However, in a sensitivity analysis 
considering only the reactions for which complete information was available, differences 
were no longer significant. Furthermore, these frequencies did not differ from the 1.6% 
reported for non-AN69 artificial membranes [15]. These data do not support the current 
existence of a peak in the occurrence of hypersensitivity reactions to PS. However, they do 
not exclude the past occurrence of mini-epidemics of such episodes.

The reactions observed in the current study lacked a clear and recognizable clinical 
pattern. Most symptoms occurred in the first half hour of dialysis and were very variable, 
from dyspnea and hypotension to headache, as recently reviewed [24]). The only common 
clinical characteristic was disappearance of symptoms upon change of the dialysis membrane 
composition. In the vast majority of the cases, synthetic membranes were replaced by 
a cellulose triacetate membrane. The warning from the  Spanish health authorities [27] 
may have contributed to assigning non-specific symptoms to hypersensitivity, triggering a 
change of dialyzer and confirmation of the diagnosis if symptoms disappeared. In turn, this 
widespread awareness may have contributed to increase the number of reported cases.

The simple solution of changing the membrane has hampered research into triggering 
factors [21]. In the past, ethylene oxide sterilization was considered a potential cause [15, 26]. 
However, it is no longer used in Spain and membranes sterilized by either steam or gamma 
rays were involved in hypersensitivity reactions in the present report. Hypersensitivity 
reactions to dialysis membranes may not depend on the main membrane component, 
but on additional molecules that differ according to the manufacture procedure [18, 20, 
21]. Thus, molecules that may theoretically trigger hypersensitivity reactions include 
polyvinylpyrrolidone (PVP) [22], bisphenol A (BPA) [18], parabens, carbamates, thiurams, 
formaldehydesdes, rubber, plastics, epoxy resins used as glue, and polyurethanes. These 
molecules may change the antigenic properties of adsorbed endogenous proteins [28]. 
Additional dialyzer components, such as PVP and BPA are not exclusive to either polysulfone 
membranes or a single manufacturer and the lack of information in the technical data sheets 
does not allow for a reliable characterization their presence in dialyzers.

A number of limitations should be acknowledged. It was a retrospective study and 
there is the possibility of underreporting. However, the widespread use of prospectively 
filled electronic records allowed the easy identification of cases. Furthermore, any 
underreporting would have been expected to be randomly distributed among the different 
membranes. Additionally, the characterization of reactions into type A or type B was made 
by the nephrologist on duty and the lack of difference in the timing of type A and B reactions 
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observed suggests that under routine clinical practice conditions, nephrologists have 
difficulties in classifying the events into the two types.

In conclusion, hypersensitivity reactions occur with any synthetic membrane and their 
frequency is in the range reported twenty years ago. The recent increase in published cases 
related to polysulfone membranes does not appear to correspond to a real increase in cases. 
Cellulose triacetate appears to be a good alternative for these patients.
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