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ABSTRACT

Acute dialyser reactions in patients treated by
haemodialysis are uncommon. We present two cases
of such reactions, both in patients using a polysulfone,
steam-sterilised dialyser. Patient 1 suffered from recurrent
attacks of acute dyspnoea, hypoxia and hypotension that
occurred early in dialysis sessions, whereas patient 2
presented with unexplained episodes of severe hypotension
and vomiting in the initial phases of dialysis. After
switching to a cellulose triacetate dialyser, both patients
became asymptomatic during all subsequent dialysis
sessions, but intentional (patient 1) and accidental
(patient 2) rechallenge with the polysulfone dialyser
induced an immediate recurrence of the symptoms. A
literature search yielded 30 additional cases that have
been reported since the turn of the century. All dialysers
that provoked acute reactions contained membranes
belonging to the polyarylsulfone family (polysulfone/
polyethersulfone, PSu/PESu). Manifestations, usually
occurring within the first 30 minutes of dialysis, included
dyspnoea (69%), hypotension (66%), hypoxia (44%),
bronchospasm (25%), chest pain (22%), pruritus and/or
urticaria (22%) and abdominal symptoms (22%). Of the
32 patients, 14 were switched to a different PSu/PESu
containing dialyser, which resulted in cross-reactivity in 12
of them (~85%). They could be treated safely with dialysers
containing substituted cellulose (n = 8) or polyacrylonitrile
(n = 4). Sixteen patients were successfully switched directly
to a dialyser containing substituted cellulose (n = 11),
polymethylmethacrylate (n = 4) or polyacrylonitrile (n = 1).
Two patients were lost to follow-up. As rechallenges
may be harmful, patients with acute reactions to PSu/
PESu membranes should not be further tested in a
trial-and-error fashion with similar membranes, but be
switched directly to a non-PSu/PESu dialyser.
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INTRODUCTION

In the last decades of the previous century, acute
dialysis reactions were common in patients treated
by haemodialysis. They were related to the use of
bio-incompatible, complement-activating dialyser
membranes (often combined with hypoxia-inducing
acetate-containing dialysate), ethylene-oxide (EtO)
sterilisation of dialysers that caused IgE-mediated
hypersensitivity or exposure to polyacrylonitrile (PAN)
membranes that stimulated the production of bradykinin.”
However, even in the current era, in which biocompatible
dialysers are being used, bicarbonate has replaced acetate
as a dialysate buffer and EtO sterilisation has been
abandoned, occasional cases of acute dialyser reactions
continue to be reported, also recently.>3

We describe recent acute dialyser reactions in two
patients treated by a polysulfone, steam sterilised dialyser.
These cases prompted us to review the literature on
acute dialyser reactions in the last decade to define their
clinical characteristics, develop a management strategy and
increase awareness of this potentially serious adverse event.

Patient 1

A 74-year-old male (diabetic nephropathy) was treated
with haemodialysis with an F8-HPS polysulfone dialyser
(Fresenius®). He was on an ACE inhibitor and aspirin. In
February 2012, after seven months of stable treatment,
he complained of dyspnoea immediately after starting
dialysis. A week later he reported similar symptoms and
abdominal pain four minutes after starting dialysis.
His blood pressure dropped from 177/89 mmHg to
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112/52 mmHg and the oxygen saturation was 91%. An
ECG showed no arrhythmias or ischaemia. The ACE
inhibitor was stopped. Thirty minutes into the next
dialysis, dyspnoea and abdominal pain developed abruptly.
The blood pressure was 180/100 mmHg and arterial pO,
was 50 mmHg. Blood chemistry did not show haemolysis
or infection and a chest X-ray was normal. During one of
the episodes, the eosinophil count was elevated (1.29 x
109/1, normal < 0.40 x 109/1), but values of 0.68 and 0.8y
x 109/1 were measured during two other episodes, when
platelet counts (245 and 290 x 109/1, respectively) were
also within the normal range. We considered an allergic
reaction to dalteparin (Fragmin®, Pfizer), the only drug
given prior to the dialysis sessions. Despite switching
to danaparoid (Orgaran®, Merck Sharp & Dohme), the
dyspnoea occurred 30 minutes into the next dialysis. The
blood pressure dropped abruptly from 132/60 mmHg to
98/54 mmHg and the pO, fell from a predialysis value
of 88 mmHg to 55 mmHg (changes in O, saturation
and pCO, from 97% to 87% and from 37 mmHg to
40 mmHg, respectively). Suspecting an allergic reaction
to the F8-HPS dialyser, we switched to a dialyser with a
different membrane, the Sureflux 150-L (Nipro®, cellulose
triacetate) for the next dialysis. During this session, the
patient remained asymptomatic and blood pressure, pO,
and O, saturation remained stable within the normal
range. The patient agreed to a rechallenge with the F8-HPS
dialyser, which resulted in direct recurrence of dyspnoea.
We interrupted the session immediately and restarted
dialysis using the Sureflux 150-L dialyser, after which the
symptoms abated. Dialysis sessions with the cellulose
triacetate (CTA) dialyser were uneventful with a follow-up
extending to December 2015.

Patient 2

A Gg-year-old male (diabetic nephropathy) started
haemodialysis in November 2015 using an F8-HPS
polysulfone dialyser (Fresenius®). He was not on an ACE
inhibitor, B-blocker or aspirin. The first two sessions were
uneventful, the patient tolerating 1.8 litres of ultrafiltration
and a 12% reduction in relative blood volume. During
the 3rd dialysis, he started vomiting and briefly lost
consciousness after 40 minutes. The blood pressure,
which was 150/60 mmHg at the start of dialysis, was
129/65 mmHg shortly after the incident. Ultrafiltration
had been o.3 litres up to the incident, but there was no
reduction in relative blood volume (change + 0.4%).
An ECG showed no arrhythmias, the plasma troponin
was normal. Dialysis was stopped. The next dialysis,
performed without ultrafiltration, was uneventful.
During the sth dialysis, the patient became unwell after
50 minutes. His blood pressure, which was 155/76 mmHg
at the start of dialysis, had fallen to 66/26 mmHg, despite
zero ultrafiltration. During the Gth dialysis, the patient

became unwell after 45 minutes and the blood pressure
fell to 86/39 mmHg, although the ultrafiltration rate
had been set to zero from the start of dialysis. After
two uneventful sessions, he became hypotensive (blood
pressure 7o0/40 mmHg) with severe nausea and vomiting
after 30 minutes during the gth dialysis. Up to this
point, no volume had been removed by ultrafiltration.
The tentative diagnosis of acute dialyser reaction was
made and the patient was switched to a Sureflux 150-L
dialyser (Nipro®, cellulose triacetate). The remainder
of the dialysis sessions went without incident. After 20
uneventful dialysis sessions using the Sureflux dialyser,
the patient was accidentally treated with an F8-HPS
dialyser, and he became unwell and hypotensive (blood
pressure 94/46 mmHg) 50 minutes into dialysis. The
total follow-up after switching to the CTA dialyser is three
months, in which the patient has remained asymptomatic.
Unfortunately, no eosinophil or platelet counts were
obtained during any of the acute dialyser reactions.

SUMMARY OF RECENT CASE REPORTS
ON ACUTE DIALYSER REACTIONS

We found 30 cases of acute dialyser reactions in the
literature since the beginning of the current century,>™
bringing the total to 32 cases (table 1). The mean patient
age was G68.7 years (range 34-90 years), and 56.3% were
males. In 17/32 cases (53.1%), reactions occurred in the
first week after starting exposure to the offending dialyser,
most often after the first contact. In the remaining 15
cases, however, the interval between first exposure to the
dialyser and occurrence of symptoms was considerably
longer (mean 11 months, range 1 to 36 months). In 24/32
cases (75.0%), the reactions occurred within the first
30 minutes of dialysis. In the remaining cases, symptoms
occurred between 45 and 120 minutes after starting
dialysis or became manifest very gradually. Reported
manifestations were dyspnoea (69%), hypotension (66%),
hypoxia (44%), bronchospasm (25%), chest pain (22%),
pruritus and/or urticaria (22%) and abdominal symptoms
(22%). Severe laryngeal oedema or stridor occurred twice.
Cardiorespiratory arrest occurred six times (19%), and two
patients (6%) died.

Table 1 shows that all dialysers that induced acute reactions
contained membranes of the polyarylsulfonate family,>
which includes polysulfone (PSu, 28 cases, 87.5%) and
poly(aryl)ethersulfone (PESu, 4 cases, 12.5%). Fourteen
patients were subjected to a different PSu/PESu containing
dialyser at some point with a total of 18 trials (figure 1). In
16/18 (88.9%) of these trials (in 12/14 patients, 85.7%),
acute dialyser reactions occurred, virtually always during
the first exposure. Only two patients (case 16 & 18) could
be treated successfully with an alternative PSu/PESu
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Table 1. Summary of cases of acute dialyser reactions reported in the literature between 2003 and 2016

Case

I0

I1

I2

3

14

Gender Dialyser causing

[age
F /57

F/7s

M/ 45

M /51

F /6y

F /84

M /77

F /51

F /77

M /79

E/75

F /64

F /63

M / 65

symptoms

F8-HPS ¢ (Fresenius)
polysulfone

Optiflux F160oNre
(Fresenius)
polysulfone

F1o-HPS ¢ (Fresenius)
polysulfone

F8 ¢ (Fresenius)
polysulfone

F-10-HPS ¢ (Fresenius)
polysulfone

FX-80 (Fresenius)
polysulfone

Diacap PS15-PVP
(Bbraun)
polysulfone

Optiflux F1I8oNR
(Fresenius)
polysulfone

Toraylight CS-1.3U
(Toray)
polysulfone

PS-1.3UW (Fresenius)
polysulfone

Toraylight CS-1.3U
(Toray)
polysulfone

PS-1.3UW (Fresenius)
polysulfone

Toraylight CS-1.3U
(Toray)
polysulfone

PS-1.6UW (Fresenius)
polysulfone

Duration of

Alternative dialyser

exposure to dialyser symptomatic

21 months

I*' exposure

~3 years

I*' exposure

1% exposure

I*' exposure,
ongoing for
1 month

1ot & 11t session

~2 years

2.3 months

1 month

7.4 months

1*' exposure

2-3 weeks

5 weeks

BS 1.8U (Toray)
polysulfone/1*t exposure

Hemoflow F7oNre
(Fresenius)
polysulfone/1*t exposure

F1o-HPS (Fresenius)
polysulfone/1*t exposure

180 MHP (Idemsa)
polyethersulfone/
I*' exposure

Polyflux 17L (Gambro) "
Poly(aryl)ethersulfone/
1% exposure

BLS 512 (Bellco-Sorin)
polyethersulfone/
1% exposure

FX-10 (Fresenius)
polysulfone/1*t exposure

FX-80 (Fresenius)
polysulfone/1*t exposure
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Alternative dialyser
asymptomatic

FB-170U (Nipro)
cellulose triacetate

Nephral ST400°®
(Gambro)
PAN

Brand & type unspecified
Cellulose triacetate ¢

Brand & type unspecified
Cellulose triacetate

Dicea 1770 (Baxter)
cellulose diacetate

Nephral ST 500
(Gambro)
PAN

Dicea 110G (Baxter)
cellulose diacetate

CT-190G (Baxter)
cellulose triacetate

AM-BIO-100 (Asahi)
alkyl ether polymer grafted
cellulose

FB-130Pp (Nipro)
cellulose triacetate

Filtryzer BG-1.3PQ
(Toray)
PMMA

Filtryzer BG-1.3PQ
(Toray)
PMMA

FB-130Pp (Nipro)
cellulose triacetate

Filtryzer BG-1.3PQ
(Toray)
PMMA

Filtryzer BG-1.6PQ
(Toray)
PMMA

Reference

Ohashi (2003)

Yang (2005)"

Arenas (2006)4

Arenas (2007)5

Huang (2007)°

Coentrao (2010)’

Bacelar Marques
(2011)°

Posadas (2011)"

Konishi (2011)™



Case

15

16

uy

18

19

20

21

22

23

24

25

26

27

28

RO

30

Gender
[age

M /76

F /34

M /86

F/7s

M /7o

M /58

F /8o

M /75

M / 48

M /70

F /83

M /75

M /79

M /90

M /69

F /58

Dialyser causing
symptoms

PS-1.3UW (Fresenius)
polysulfone

Pureflux Purema
(Nipro)
polyethersulfone

Polyflux 21H ( =210H?)
(Gambro)
Poly(aryl)ethersulfone

FX-6o * (Fresenius)
polysulfone

Rexeed ! (Asahi)
polysulfone

Polyflux 210H ™
(Gambro)
Poly(aryl)ethersulfone

Helixone FX-80
(Fresenius)
polysulfone

Helixone FX-100
Classix (Fresenius)
polysulfone

Helixone FX-100
Classix (Fresenius)
polysulfone

Helixone FX-100
Classix (Fresenius)
polysulfone

Helixone FX-100
Classix (Fresenius)
polysulfone

Polyflux H (Gambro)
Poly(aryl)thersulfone

Optiflux F16o NR
(Fresenius)
polysulfone

F8-HPS (Fresenius)
Polysulfone

Cordiax FX 6oo ?
(Fresenius)
polysulfone

Optiflux F160Nre 1
(Fresenius)

polysulfon
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Duration of
exposure to dialyser

5 weeks

* and 2™ exposure

4-6 weeks

2"¢ exposure

1*t exposure

1* exposure

~4 months and

1 month later

1% exposure

I*' exposure

1% exposure "

1* exposure

1* exposure °

2 years

I*' exposure

32 months / 1%t

exposure

I*' exposure

Alternative dialyser
symptomatic

FDX-150GW (Nikkiso)
PEPA /1 exposure

FX-80oM (Fresenius)
polysulfone/1*t exposure

BG 2.1U (Toray)
PMMA /1 exposure

Elisio 21H (Nipro)
polyethersulfone/
1%t exposure

Polyflux 210H (Gambro)
Poly(aryl)ethersulfone/
3 exposure

Elisio 21H (Nipro)
polyethersulfone/after
8 months exposure

FX-100 (Fresenius)
polysulfone/1*t exposure

Polyflux 17L (Gambro)
Poly(aryl)ethersulfone/
1* exposure

Polyflux 17L (Gambro)
Poly(aryl)ethersulfone/
I°' exposure

Alternative dialyser
asymptomatic

Filtryzer BG-1.3PQ (Toray)
PMMA

FB-150Pf (Nipro)
cellulose triacetate

Prismaflex (Gambro)
Poly(aryl)ethersulfone

Nephral ' (Gambro)
PAN

Sureflux 19UX (Nipro)
cellulose triacetate

FG-HPS (Fresenius)
polysulfon*

Patient died

Sureflux 21UX (Nipro)
cellulose triacetate

Sureflux 21UX (Nipro)
cellulose triacetate

Sureflux 21UX (Nipro)
cellulose triacetate

Lost to follow-up

Sureflux 21UX (Nipro)
cellulose triacetate

Sureflux 21UX
cellulose triacetate

Nephral ST (Gambro)
PAN
Exceltra 150 (Baxter)

cellulose triacetate

Nephral ST 500 (Gambro)
PAN

Nephral ST 500 (Gambro)
PAN

CT-110G (Baxter)
cellulose triacetate
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Case Gender Dialyser causing Duration of Alternative dialyser Alternative dialyser Reference
/Jage symptoms exposure to dialyser symptomatic asymptomatic
31 M /74 F8-HPS (Fresenius) 7 months - Sureflux 150-L (Nipro) Current paper
polysulfone cellulose triacetate
32 M /69 F8-HPS (Fresenius) 3 exposure - Sureflux 150-L (Nipro)
polysulfone cellulose triacetate

M = male; F = female; PAN = polyacrylonitrile, PMMA = polymethylmethacrylate

First episode on F8-HPS, attributed to bradycardia induced by B-blocker; nevertheless, dialysis continued using cellulose triacetate membrane; 2-3
weeks later switch to polysulfone (BS 1.8U), immediate dialyser reaction.

Reaction to Nephral ST400 at second exposure, thereafter asymptomatic with double rinsing.

From 1988 long-lasting exposure to various EtO-sterilised dialysers (cuprammonium, PAN, cellulose, polysulfone, PMMA) with dialysis reactions in
1988 and 1996.

Type of cellulose triacetate dialyser not specified; symptomatic again after 12 sessions, followed by 23 uneventful sessions after which severe dialyser
reaction, the patient died.

Upon switch from cellulose diacetate dialyser (type not specified, gamma sterilisation) that did not cause reactions to the F8 polysulfone dialyser.
Types of dialyser not specified.

Eleven years on Dicea 210G, out of stock, switch to Fio-HPS. Intubation and severe laryngeal oedema 2 hours into dialysis.

Mixture of polyarylethersulfone, polyvinylpyrrolidone and polyamide.

Polyester-polymer alloy.

After 1 month continuous urticaria and eosinophilia, no acute dialyser reactions, change to FX 8oM (acute reaction), continued on Nephral, 12 months
later switched to Sureflux 19UX because of ongoing urticaria and eosinophilia; 3 months later trial BG 2.1U (PMMA, acute reaction), continued on
Sureflux 19UX.

Treated with F6-HPS two weeks before (2 sessions) without problems.

Specific type of Rexeed dialyser not mentioned, unknown duration and number of preceding treatments with Revaclear (polyarylethersulfone,
polyvinylpyrrolidone / steam).

More then one year uneventful on Helixone FX-80o0 (polysulfone), change to Polyflux 210H because of supply problems.

Preceding exposure to Aquamax HF12 haemofilter (polyethersulfone, ethylene oxide sterilisation) while in resuscitation unit.

Regular haemodialysis treatment on Nephral ST dialyser for 3 years; because of unavailability of this dialyser single dialysis using Polyflux H dialyser
with acute reaction within 10 minutes. Return to Nephral-ST dialyser without further problems (personal communication, N.G. Kounis).

Same dialyser used 32 months in USA, first dialysis with same dialyser in Portugal acute reaction.

Four years on cellulose triacetate dialyser (CT-110G) in patients own outpatient centre, switched to Optiflux F16oNre* during hospital admission.

»

-
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o

- =~ T ® = o

- =

-1

o

oo

Figure 1. Flow diagram showing the effect of switching to either PSu/PESu or non PSu/PESu alternative dialysers

Figure 1
acute reaction on Psu/PESu
n=32
no alternative dialyser used
n=2*
alternative dialyser, PSu/PESu alternative dialyser, non-PSu/PESu
n=14** n=16
v v
no cross reactivity cross reactivity cross reactivity no cross reactivity
n=2 n=12 n=0 n=16
no cross reactivity CDAn=1/CTA n=10 | [ PMmMAn=2 ||  PANn=1
PAN n=5***
no cross reactivity
CDA n=1/CTA n=6
[ CTA n=1
[ PAN n=4 [

PSu/PESu = polysulfone/polyethersulfone; CDA = cellulose diacetate; CTA = cellulose triacetate; PAN = polyacrylonitrile; PMMA = polymethylmethacrylate.

*one patient died, one lost to follow-up; **11 patients challenged with 1 alternative PSu/PESu dialyser, 2 patients with 2 different PSu/PESu dialysers,
1 patient with 3 different PSu/PESu dialysers (total of 18 trials); ***patient 1y later switched from PAN to CTA because of pruritus / urticaria.
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containing dialyser.®7 Cross-reactivity between PSu/
PESu dialysers was extensive, both within membrane type
(PSu vs. PSu or PESu vs. PESu, respectively), between
membrane types (PSu vs. PESu) and within and between
brands (table 1).

Figure 1 shows that of the 12 patients that showed
cross-reactivity to a PSu/PESu dialyser, eight (66.7%)
were eventually treated without problems with a dialyser
containing modified cellulose, and four switched
successfully to a PAN dialyser. Of the 16 patients that were
not rechallenged with an alternative PSu/PESu dialyser, 11
reacted favourably to substituted cellulose, four to a dialyser
containing a polymethylmethacrylate (PMMA) membrane
and one patient returned to the PAN containing dialyser
he had used previously.

Table 2A summarises the PSu/PESu containing dialysers
(n = 20) that caused the initial acute dialyser reactions
(n = 32) as well as the cross-reactions (n = 16). They differed
in sterilisation method, housing material and hydraulic
permeability. For instance, steam (35%), gamma radiation
(45%) and electron beam sterilisation (10%) were all
applied. Polycarbonate and polypropylene were used as
housing materials, and both high flux (13/20, 65%) and low
flux (6/20, 30%) dialysers are listed. All dialysers contained
polyurethane as a potting substance, but this material was
also used in all non-PSu/PESu dialysers that did not cause
acute dialyser reactions in patients reacting to PSu/PESu
(table 2B).

Table 2B lists the non-PSu/PESu dialysers that could be
used safely in patients reacting to PSu/PESu membranes.
With regard to the sterilisation method, housing and
potting material and hydraulic permeability characteristics,
they overlap with the PSu/PESu dialysers in table 2A. The
only conspicuous distinguishing feature is the difference
in membrane materials.

DISCUSSION

We report two patients with acute dialyser reactions
that occurred when using a PSu dialyser. They became
asymptomatic after switching to a CTA dialyser.
Supporting the notion that the dialyser reactions were
caused by the PSu membrane, both patients immediately
developed symptoms after intentional (patient 1) and
accidental (patient 2) rechallenge with the PSu dialyser.

Thirty additional cases of acute dialyser reactions were
found in the literature dating from the beginning
of the current century,® an era in which the use of
biocompatible, non-EtO sterilised dialysers has become
standard practice. The reactions usually occur within the
first 30 minutes of dialysis, are characterised by severe
cardiopulmonary symptoms and fit the diagnostic criteria
of anaphylaxis.®® Interestingly, acute dialyser reactions

occurred shortly after the initial exposure to the offending
dialyser in only half of the reports, the average delay being
almost a year in the remaining cases.

All reactions were caused by dialysers that contained a
polyarylsulfonate membrane, which includes PSu and
polyethersulfone (PESu).2° About half of the patients were
re-exposed to a PSu/PESu dialyser that differed from
the original offending PSu/PESu dialyser. Repeat acute
reactions occurred in 85% of them, forcing a switch to a
non-PSu/PESu dialyser. The remainder of the patients
were not exposed to a different PSu/PESu dialyser but
switched directly to a non-PSu/PESu dialyser. Overall,
of the patients reacting to PSu/PESu dialysers that had
follow-up (n = 30), two were continued on an alternative
PSu/PESu dialyser. The vast majority were switched to
non-PSu/PESu dialysers, including modified cellulose
dialysers (n = 19, mainly CTA), a PAN dialyser (n=5) or a
PMMA dialyser (n = 4).

PSu/PESu dialysers that provoked acute reactions differed
in hydraulic permeability, sterilisation method and
housing material. All contained polyurethane as potting
material, but this was also the case for the non-PSu/PESu
dialysers shown to be safe in patients reacting to PSu/
PESu. This leaves the membrane material as the only
recognisable common factor (table 2A). In the patients that
were rechallenged with an alternative PSu/PESu dialyser,
cross-reactivity was extensive, within membrane type (PSu
vs. PSu or PESu vs. PESu), between membrane types (PSu
vs. PESu) and within and between brands (table 1). Neither
the various PSu nor the different PESu containing dialysers
are identical products, as the capillary walls may differ in
thickness, geometry, layering and luminal smoothness
as well as in pore size and pore size distribution.>* This
suggests that an essential determinant of the basic PSu and
PESu polymers causes the acute reactions.

One explanation for the finding that PSu/PESu dialysers
caused all reported initial dialyser reactions could be that
approximately 93% of dialysers currently used contain
PSu/PESu,* leading to exposure of many more patients
to these dialysers than to those containing CTA, PAN or
PMMA. However, recent research also suggests that PSu
and CTA dialysers differ in biocompatibility. Dialyser
protein adsorption patterns differ in asymptomatic dialysis
patients exposed to a PSu and CTA dialyser in that the
former, but not the latter, adsorbed ficolin-2, a substance
that may directly activate the complement system via the
lectin pathway.>+ A similar study suggested that CTA was
more biocompatible than PSu in terms of activation of
the coagulation cascade.® In agreement with this, a PSu
membrane, but not a CTA membrane, caused a substantial
increase in indicators of platelet activation in asymptomatic
dialysis patients®® or patients with acute renal failure
treated by continuous venovenous haemofiltration.?”
Consistent with this, dialysis-induced thrombocytopenia
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Table 2. A: Polysulfone and polyethersulfone (PSu/PESu) dialysers causing acute reactions at the initial reaction
and after exposure to alternative dialysers from this family; B: Dialysers that could be used safely in patients reacting

to PSu/PESu dialysers
A: Dialysers Manu-
causing acute  facturer
reactions

Polyflux H Gambro
series

Polyflux L series Gambro

PS UW series Fresenius
(13UW, 1.6UW)

E-8 Fresenius
F-HPS series Fresenius
(HPS-8,

HPS-10)

Hemoflow Fresenius
F7oNR

Optiflux NR Fresenius
(F160, F180)

FX series (low  Fresenius
flux, FX-10)

FX series (high Fresenius
flux, FX-60,
FX-80, FX-100)

FX-Classix Fresenius
series
(FX-Classix 100)

Cordiax FX Fresenius
(FX600)

Diacap LO PS15  Bbraun

FDX series Nikkisso
(150GW)
Elisio 21H Nipro

Pureflux, type  Nipro
not specified

BG TS-U series Toray
(1.8U)

Toraylight CS Toray
series (1.3U)

BLS 512 Bellco-
Sorin

Rexeed, type not Asahi
specified

180 MHP Idemsa

Membrane
material

poly(aryl)
ethersulfone

poly(aryl)
ethersulfone
Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polysulfone

Polyether-
sulfone and
polyarylate

Polyether-
sulfone

Polyether-
sulfone

Polysulfone
Polysulfone
Polyether-
sulfone

Polysulfone

Polyether-
sulfone

Manufacturer
designation

Polyamix™

Polyamix™

Fresenius
Polysulfone®

Fresenius
Polysulfone®

Fresenius

Polysulfone®

Advanced
Fresenius
Polysulfone
Optiflux®
Helixone®

Helixone®

Helixone®

Helixone®
plus

Diacap® a

PEPA®

Polynephron™

Purema®

Toraysulfone®

Rexbrane™

>

Sterili-
sation

Steam

Steam

EtO

Steam

Electron
beam

Electron
beam

Steam

Steam

Steam

Steam

Gamma
radiation

Gamma
radiation

Gamma
radiation

Gamma
radiation

Gamma
radiation

Gamma
radiation

Gamma
or steam

Gamma
radiation

Gamma
radiation

Housing
material

Polycarbonate

Polycarbonate

Polycarbonate

Polycarbonate

Polycarbonate

Polycarbonate

Polypropylene

Polypropylene

Polypropylene

Polypropylene

Polycarbonate

Polycarbonate

Polypropylene

Polycarbonate

Polycarbonate

Polypropylene
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Potting
material

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

Polyurethane

HF/LF No. of
reactions
HF 4
LF 3
2 4
LF I
LF 7
HF I
HF 4
LF 1
HF 6
HF 4
HF I
LF I
HF 1
HF 2
HF () 1
HF I
HF 3
LF I
HF I
HF I

Reference

11,12,16

10

2,4,5,9,14,
this paper

1)

3,13,15,19

6,7,11,16,17

16

I0

16

10

18
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B: Safe Manu- Membrane  Manufacturer Sterili-
alternative facturer designation  sation
dialysers*
Dicea series Baxter Cellulose n.a Gamma
(110G, 170G) diacetate radiation
CT-series (110G, Baxter Cellulose n.a Gamma
190G) triacetate radiation
Exeltra 150 Baxter Cellulose n.a Gamma
triacetate radiation
FB series (170U, Nipro Cellulose n.a Gamma
130P B, 150 P f) triacetate radiation
Sureflux (19UX, Nipro Cellulose n.a Gamma
21UX) triacetate radiation
Sureflux (150L)  Nipro Cellulose n.a Gamma
triacetate radiation
AM-BIO-100 Asahi Alkyl ether n.a. Gamma
polymer radiation
grafted
cellulose
Nephral ST Gambro Polyacryloni- n.a Gamma
(ST400, ST500, trile radiation
not specified)
Filtryzer BG Toray Polymethyl-  Filtryzer® Gamma
series (1.3 PQ, methacrylate radiation

1.6 PQ)

rnal of Medicine

Housing Potting HF/LF No.of  Reference
material material reports
Polycarbonate Polyurethane LF 2 6,9
Polycarbonate Polyurethane HF 2 3,15
Polycarbonate Polyurethane HF I 13
Polypropylene Polyurethane HF 4 10, 14
Polypropylene Polyurethane HF 6 11,16
Polypropylene Polyurethane LF 2 This paper
? ? ? I 15
Polycarbonate Polyurethane HF 6 2,7,11,12,19
Polystyrene  Polyurethane HF 5 10

*Two patients were treated successfully with a cellulose triacetate dialyser that was not further specified (reference 4 and 5). HF / LF = high flux /low flux;

n.a.= not applicable.

provoked by a PSu dialyser resolves after switching to a
CTA (or PAN) dialyser.?®29 These observations suggest that
PSu dialysers confer an increased risk of acute reactions
compared with those containing CTA. Unfortunately, PAN
and PMMA dialysers have not been compared directly with
those containing PSu or CTA using the same analytical
methods.

Our observations suggest that the dialysers containing
modified cellulose, PAN and PMMA shown in table 2B
can be used unreservedly in patients reacting to PSu/
PESu dialysers. However, this protective effect may not
be complete and acute reactions are not restricted entirely
to PSu/PESu dialysers. Patient 3 reacted to a PSu dialyser
and switched successfully to a CTA dialyser, only to
develop acute reactions several weeks later. Patient 17
reacted to a PESu and a PSu dialyser, but also to a PMMA
dialyser. A PAN dialyser caused urticaria and eosinophilia
necessitating a switch to a CTA membrane. Hanada et
al. reported a patient reacting from his first dialysis to
dialysers containing CTA, PSu, vitamin E coated PSu,
PMMA, polyester polymer alloy and ethylene vinyl alcohol
copolymer (EVAL) who could only be dialysed using a
CTA dialyser combined with temporary corticosteroids.:°
Quinones et al. reported a patient having acute reactions

to both a PSu dialyser and one containing EVAL.X
Consequently, some patients also appear to be prone
to anaphylactic reactions to dialyser membranes other
than PSu/PESu, suggesting an important interaction
between membrane biocompatibility and patient-related
factors. Indeed, the severity of anaphylactic reactions
can be affected by co-factors, both patient specific and
non-specific3* The latter include infections, common
in patients on dialysis, and drugs often used by dialysis
patients such as acetylsalicylic acid, B-blockers and ACE
inhibitors.33 Interestingly, although the detrimental
effects of ACE inhibitors were specifically linked to PAN
membranes 3+ the patient described by Quinones et al. only
had acute reactions to both the PSu and the EVAL dialyser
during ACE inhibition.' Consequently, it is worthwhile
to pay attention to potential modifiable factors in patients
reacting to dialysers.

It is of note that eight cases of acute reactions to
surface-treated PAN dialysers (Nephral-ST) have been
reported in patients on ACE inhibitors.»s3® Reactions
to dialysers containing the original PAN membranes
with their very negatively charged, bradykinin-inducing
surface have been reported in patients on ACE inhibitors 3+
Membrane surface treatment with polyethyleneimine was

Boer et al. Acute dialyser reactions.

JANUARY 2017, VOL. 75, NO. 1

n



The Netherlands Journal of Medicine

used to reduce membrane electronegativity and prevent
this complication3 However, no cases of a reaction to a
Nephral-ST dialyser, attributed to incomplete PEI coating,
have been reported after 20073

The number of patients on haemodialysis throughout the
world has increased from approximately 1.5 to 2.5 million
in the past decade.4> Consequently, hundreds of millions
of dialysers are being used annually, the vast majority of
which contain PSu/PESu. With only 32 contemporaneous
reported cases of acute reactions to PSu/PESu dialysers,
their verified incidence is extremely low, although
underreporting is likely. Interestingly, 85% of the cases
summarised in this paper were reported in or beyond
2010, suggesting an increasing trend. This rise could be
related to increased awareness or reflect the increasing
number of patients being treated. However, it is also
possible that ongoing modifications to the original PSu
membrane developed in the early 1980s,4 aimed at
enhancing dialyser performance, may also negatively affect
dialyser biocompatibility. In this context, the Urgent Field
Safety Notice issued by Fresenius in 2015 for the new line
of FX CorDiax High-Flux dialysers and haemodiafilters
(PSu, Helixone®) may be relevant,+ as this notice was
spurred by ‘an increased number of cases of hypersensitivity
and hypersensitivity-like reactions with the application of the
FX CorDiax dialysers, including life-threatening events during
continuous post market surveillance’.

Although rare, acute dialyser reactions are not a thing of
the past and dialysis staff should be aware of them as the
incidence may be increasing. They should be considered
in patients on haemodialysis using PSu/PESu dialysers
who develop cardiopulmonary signs and symptoms in the
early phase of dialysis sessions for which no alternative
explanation is readily available. These include cardiac
failure or ischaemia, arrhythmia, ultrafiltration-related
dialysis hypotension or allergic reactions to drugs that are
given intravenously prior to dialysis. As ~85% of patients
reacting to a PSu/PESu containing dialyser will also react
to other dialysers of the same family, we suggest that
they should not be challenged with alternative PSu/PESu
dialysers if the diagnosis is suspected. It seems advisable
to switch them directly to a non-PSu/PESu dialyser, which
should immediately and consistently lead to disappearance
of symptoms. Most experience is available with CTA
dialysers, but alternatives include those containing PAN
or PMMA.
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