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Dialyzers Using Ultraviolet Analysis and lodine Method
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Abstract: It is known that poly(arylethersulfone)-based dia-
lyzers can elute poly(N-vinyl-2-pyrrolidone) (PVP). With
regard to chronic renal replacement therapy, this is a bur-
den for the patient, because PVP is deposited in different
organs and cannot be degraded or released from there; so
elutable PVP has to be minimized. Usually, the iodine method
is used for quantification of extractable PVP. To overcome
the chain length dependency of this method, we used an
ultraviolet method that is independent from the PVP chain
lengths; so the absolute amount of eluted PVP can be quanti-
fied. The current study shows the amount of eluted PVP on
differently sterilized low flux dialyzers (1.6 m?, similar stor-
age time, n = 12)—PS160 (Allmed, Egypt), F7HPS (Fresenius
Medical Care, Germany), F16 (Wego, China), and B-16P
(Bain, China). Using the ultraviolet method, the irradiated fil-
ters show a sum total of approximately 9mg more eluted PVP
compared with the steam-sterilized ones, whereas the iodine
method shows a value about three times lower between dif-
ferent types of sterilization. The boundary conditions dur-
ing the radiation sterilization could lead to PVP degradation
instead of cross-linking. The resulting shorter PVP chains can
be more easily rinsed out and can falsely decrease the calcu-
lated eluted PVP amount by using the iodine complexation
method. ASAIO Journal XXX; XX;00-00

Key Words: hemodialysis, polyarylethersulfone membrane
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Various poly(arylethersulfone)-based dialyzer membranes
elute 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 mem-
branes.'? Because PVP accumulation in different organs of the
patients leads to organ injury or failures,'? the elution of PVP
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out of a dialyzer has to be minimized. This led to numerous
publications dealing with this topic.'*=

Different studies described dependence of PVP elution on
methods of sterilization,"'®"" aging® as well as other condi-
tions."" Others focused on investigating the biocompatibility
of dialyzers with respect to sterilization''? and further param-
eters.>'> The potential influence of PVP on synthetic dialysis
membranes in relation to observed patient reactions during
dialysis treatment is also discussed in the literature.>'*

It is known that environmental conditions for the dialyzer
such as oxidative degradation as well as sterilization condi-
tions can change PVP chain lengths.>'® Cross-linking can
decrease the mobility of PVP>'*'7 whereas degradation can
increase PVP elution.'

In most cases, a potassium triiodide reagent'®'>—sometimes
called the Miiller method—is used to quantify the amount of
eluted PVP by PVP-iodine-complex formation in dialyzer elution
studies."** In these investigations, different commercially avail-
able dialyzers were investigated. Comparatively small amounts
of leached PVP were found. High variations were obtained
between PVP K30 and K90 detection using the Miiller method
(0.006N iodine solution)® as well as differences between NMR
determinations and the iodine method were discussed.

Another method that does not require formation of a PVP-
iodine complex to detect PVP eluted from polysulfone-based
dialyzers has been previously published. This ultraviolet (UV)
method can be used for online (while priming and recirculat-
ing) PVP elution experiments easily.?°

In poly(arylethersulfone)-dialyzer membrane manufacturing
PVP K85 or K90 are the most common components. The steril-
ization carried out during dialyzer production as well as other
conditions can change the PVP chains.” For the aforemen-
tioned reasons, PVP with different chain lengths were investi-
gated firstin a concentration-dependent manner by UV method
and with iodine method. We used PVP K17—K90, which are
available on the market for different applications.'”2!2

Subsequently, four different types of commercially available
low flux dialyzer filters of the same surface area and similar stor-
age time were rinsed by reverse osmosis (RO) water using a sim-
ilar experimental setup and conditions as others."* The obtained
elutes were examined by UV and iodine method. Based on the
Beer-Lambert’s law and the extinction coefficients found previ-
ously, absolute amounts of eluted PVP can be calculated.

The aim of this study is the comparative quantification of PVP
from dialyzer eluates by the UV method and the iodine method.
Limitations in the interpretation of the results are discussed.

Materials and Methods

UV Method— Comparison of Different PVP Chain Lengths

We started with the investigation of different concentra-
tions (15-150 ppm) of aqueous solutions of different types of
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PVP (CAS No. 9003-39-8, BASF Luvitec powder [K17 (MW/
M, = 9/2kDa), K30 (50/14kDa), K85 (1,100/250 kDa), K90
(1,400/325 kDa)],?* and older Luvitec PVP K85 degraded to
K70). All K values,'”?* corresponding with molecular weight
or chain length,?*?* were checked and confirmed by viscos-
ity determinations before further investigations. All samples
were measured by UV/Vis spectroscopy using a Biochrom
UV/Vis Spectrophotometer LIBRA S22 (United Kingdom).

The examination of the solutions was carried out in the
wavelength range between 190 and 250 nm. Absorbance
depending on wavelength for PVP of different molecular
weight showed the same values for the same concentrations
(see Figure 1). Test for linear regression is determined to be
R? > 0.999 using a wavelength approximately 220 nm. PVP
can be quantified in a concentration range between 0.0015
and 0.015 m% independent from PVP chain length. An aver-
age extinction coefficient of 60.25 + 1.02 m%'cm™ can be
used for PVP quantification at 220 nm (0.0015-0.015 m%,
see Figure 2).

Smaller amounts of PVP in aqueous solutions, as expected
in dialyzer elution tests, can also be detected by UV. They
can be measured better at 210nm because of the higher
sensitivity (higher extinction coefficient) and peak shift.
Linear regression was checked as well for K30 and K85 (see
Figure 3).

lodine Method— Comparison of Different PVP Chain Lengths

The same concentrations of aqueous solutions of different
types of PVP as mentioned above (0.0015-0.015 m%) were ana-
lyzed by iodine method. Thus, 2.5ml of 0.2 M citric acid and
1ml of 0.006 M iodine solution (0.8g/L iodine + 1.44g/L potas-
sium iodide) were added to 5 ml of the PVP solution sample, well
mixed and measured after 10 minutes."® The results between 300
and 700nm for the lowest (0.0015 m%) and highest concentra-
tion (0.015 m%) can be seen in Figure 4. The rather complex
iodine UV/Vis spectra are described in detail elsewhere.?>

Results showed smaller linear ranges (0.0015-0.009 m%, R
> 0.99) compared with the UV method. The adjustment of the
concentration range is necessary because of the fact that the
extinction coefficient can only be determined if the test is posi-
tive. For K17, the usable concentration range is even smaller
compared with the other K30-K90.

Calculation of extinction coefficients lead to distinct extinc-
tion coefficients for certain PVP chain lengths as expected.'®'?
For shorter PVP chains as K17 or even K30, a smaller extinc-
tion coefficient was obtained compared with larger PVP as K90
between approximately 400 and 550nm for concentrations
between 0.0015 and 0.009 m%. That means, that the same
concentration of PVP leads to lower absorbance values by the
iodine method for K17 or K30 compared with larger PVP as
K85 or K90.

The influence of this result on discussion on elution studies
of dialyzers is discussed below.

Figure 5 shows standard curves at 422 nm of different types
of PVP (0.0015-0.009 m%) for the used iodine method.
Quantification of PVP is rather inaccurate for very low con-
centrations of <0.0002 m% (see Figure 6).

So the following investigation of dialyzer eluates were ana-
lyzed using aforementioned UV method compared with iodine
method taking into account the limit of quantification.

Elution of Filters— Dialyzers and Experimental Setup

Because aging in dialyzers increases the amount of elutable
PVP2* filters (see Table 1) of a similar storage time (average 6
months) were used for the study shown here—PS160 (Allmed
Middle East S.A.E. [Egypt]), F7HPS (Fresenius Medical Care AG
& Co. KGaA [Germany]), F16 (Wego Blood Purification prod-
ucts Co., Ltd. [China]), and B-16P (Bain Medical Equipment
Co., Ltd. [China]). All low flux filters had the same surface area
(1.6 m?), allowing comparability.

Twelve filters of each type were primed on the blood com-
partment with RO water first (37°C, 200 ml/min, 5min, single
pass—priming) and then rinsed in a closed loop with RO
water for 4 hours (37°C, 675ml, 200ml/min, recirculation).
The dialysate compartment was closed.

Results

The absorbance values of the obtained eluates from blood
compartment are measured by UV and iodine method. The
blank value for the tubing system has already been subtracted
from the absorbance values. The corresponding calculated
amounts of eluted PVP using the UV (at 210 nm) and the iodine
method (at 422 nm) are shown in Figure 7.

Both the UV method and the evaluation according to the
iodine method show that only very small amounts of PVP
were detected in eluates from the steam-sterilized products
PS160 and F7HPS (below limit of quantification), whereas the
two irradiated filters F16 and B-16P eluted significantly more
PVP per filter of the same surface area (Mann-Whitney U test,
a = 0.05). According to the UV method, the irradiated filters
showed approximately two times as high values for the recir-
culation compared with the single pass.

A different picture emerged for single pass and after 4
hours recirculation, when the eluted PVP amount is inter-
preted using the iodine method for evaluation. The measured
values for PS160 and F7HPS are below the quantification
limit, whereas the dialyzers F16 and B-16P elute consider-
ably higher amounts of PVP in 4 hours recirculation. Absolute
eluted PVP contents of irradiated filters appear lower for the
iodine method investigations compared with the UV ana-
lyzed ones.

Discussion

The previously described results of the analysis of certain
PVP compounds K17-K90 show that the UV method is more
suitable for PVP quantification because it is independent of the
PVP chain length. The iodine method, on the other hand, can
only lead to the same results if the length of the PVP chains is
known or has been determined beforehand (e.g., by gel perme-
ation chromatography). In the case of a wide molecular weight
distribution or changing of the PVP chain length, which can
occur by aging or processing of PVP-containing products (e.g.,
by sterilization), the iodine method is very limited because of
the lack of a specific extinction coefficient.

The design of experiment included dialyzers of different
kinds of sterilization but the same size (1.6 m?), flux and simi-
lar storage time because an age-dependence of PVP elution
because of oxidative degradation of PVP. The choice of ster-
ilization method and sterilization conditions can significantly
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Figure 1. Absorbance of agueous PVP solutions of different types of PVP (K17, K30, K70, K85, K90) depending on concentration
(0.0015-0.015 m%) and wavelength—UV method (PVP chain length independent). PVP, poly(N-vinyl-2-pyrrolidone).
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Figure 2. Absorbance of aqueous PVP solutions of different types of PVP (K17, K30, K70, K85, K90) depending on concentration
(0.0015-0.015 m%) at 220 nm—UV method. PVP, poly(N-vinyl-2-pyrrolidone).
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Figure 4. Absorbance of aqueous PVP solutions of different types of PVP (K17, K30, K70, K85, K90) with iodine depending on concentra-
tion (0.0015 and 0.015 m%) and wavelength—iodine method (PVP chain length dependent). PVP, poly(N-vinyl-2-pyrrolidone).
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Figure 7. Eluted PVP (averages and standard deviations) from blood compartment of PS160, F7HPS, F16, and B-16P (n = 12)—calculated
at absorbances at 210nm (UV method) and 422 nm (iodine method) for single pass and after 4 hours recirculation. *Quantification limits of
1.1/2.0 mg/filter for the single pass and 0.7/1.4 mg/filter for the recirculation (UV/iodine method) result because of the limits of quantification
of the analytical methods (calibration curve 1-15ppm, K30/K85, UV method 1.1/1.1 ppm [a, = 0.05, k = 3], iodine method 2.1/2.0 ppm [o,
f = 0.05, k = 3]) and the eluate volumes. PVP, poly(N-vinyl-2-pyrrolidone).

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

Surface Membrane
Dialyzer Flux Area (m?) Material Sterilization
PS160 PSu Steam
F7HPS Low flux 1.6 PSu Steam
F16 PSu Irradiation
B-16P PES Irradiation

PES, polyethersulfone; PSu, polysulfone.

affect PVP chain length."'* In our study, by totaling up the
single pass—priming and after 4 hours recirculation results,
the radiation-sterilized dialyzers show a multiple compared
with the steam-sterilized ones by the UV method—10.0 and
11.4mgffilter eluted PVP (F16, B-16P) compared with <2 mg/
filter (PS160, F7HPS). The iodine method shows significantly
lower amounts of eluted PVP especially for the investigated
irradiated filters (Wilcoxon signed-rank test, o = 0.05), possibly
because the shorter PVP chains degraded by the irradiation
show a lower absorbance (see above). These shorter chains are
easier to mobilize and thus also to wash out first during prim-
ing. Thus, this leads to significantly lower absorbance values
using the iodine method and the eluted amount of PVP during
priming appears disproportionately lower compared with the
recirculation compared with the UV method.

Steam sterilization or autoclaving can result in a hydrophilic,
well-biocompatible dialyzer membrane.?'* Gamma irradiation
can lead to cross-linking of PVP'®?* and main polymer as poly-
sulfone,>> which effectively reduce PVP elution from dialyzer
membranes' or can destruct PVP chains.' The influence of
the sterilization on PVP amounts eluted from dialyzers inves-
tigated here cannot be discussed further, because nonsterile
references as well as details of membrane composition (PSu/
PVP, PES/PVP) and sterilization conditions are not accessible.

In general quantification of PVP by UV spectroscopy is lim-
ited,?® not only because of the detection limit and quantification
limit but also because other extractable substances may increase
the absorbance values in this wavelength range and thus can

falsely increase the calculated eluted PVP amount. However,
small water-soluble molecules such as residual solvent from the
fiber-spinning process, which can be such a disturbance vari-
able, should no longer be present after the priming procedure.
Furthermore, it has been published that similar amounts of
PVP are eluted with RO water as with saline during priming
and recirculation on the blood side.! Thus, the recirculation
(4 hours, 37°C) modeled on a patient treatment in terms of dura-
tion and temperature can be used well for absolute compari-
sons regarding PVP exposure between individual filter types.

Conclusion

Both the UV method and the iodine method are established
methods for quantifying the amount of PVP eluted from dialyz-
ers. Our results show the interpretation of the eluted amounts
in other publications must also take into account the method
used—UV method as a PVP chain length independent method
and iodine method as a PVP chain length dependent method.
The iodine method may result in detection of a falsely low
amount of eluted PVP if the PVP is degraded compared with
the commonly used reference K90.

The dialysis filters studied here show that a steam-sterilized
filter such as PS160 or F7HPS can release significantly less
PVP than the radiation-sterilized products F16 and B-16P.
Although steam sterilization results in a well-biocompatible
membrane,>'? irradiation under certain sterilization condi-
tions can destroy the PVP chains,'® which are thus more easily
washed out.
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