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Abstract

The aim of this work was to investigate the potndf high frequency ultrasound for the cleaningaoPolysulfone
(PSUV) ultrafiltration membrane used in hemodialy3ise blood substitute solution flowing through thalow fiber
membrane used in the High Flux F60 dialyzers has Isenicated by ultrasonic (US) waves with 1 MH=Zjfrency and
2 W/cm2 in situ intensity .The solution was comedof toxic compounds such as Urea, Creatiningvit B12 and
Inulin. The effect of US was represented by congmariof the clearance in both OFF and ON ultrasaromilitions.
The results of these studies have been demonsttaggdUS can enhance the permeability of the PSAlyzir
membrane. Results revealed that US had signifieffiect (p-value< 0.05) on the clearance of Inulin as a large
molecule (5200 D) and accelerated its filtration 2826. The proposed dialysis method can be usedsilibs the

existing dialysis machine.
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Introduction

The increasing incidence of non-communicable d&egas
including diabetes and high blood pressure and doatjpns
of these diseases has made physicians and polikgrenenore

aware of chronic kidney disease and renal replaneme

treatment. The purpose of dialysis is to removeam®unt of
toxic materials and water that has accumulatedhe inter
dialysis period by diffusion and ultrafiltration pration
processes [1].

Long dialysis duration may challenge with dailpgrams as
well as dialysis-related complications. The diadysatients are
mainly composed of elderly diabetic people with @avy
burden of comorbidities imposed by the disease.réfbee,
reducing the time of dialysis procedure resultthim reduction
of these complications, bringing benefits to moatignts and
economic saving. It is noteworthy that dialysis by
should not be adversely affected by shortening iafysis
session duration.

The membrane is a decisive factor of the overgllyder
function [2]. Membrane filtration rate reduction ése of the
reasons for the long dialysis procedure. The majawback of
membrane filtration is fouling that can blind théalgzer
membrane and results in membrane performance oietgoin
during blood purification [3-5]. A similar probleraxists in
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some industrial areas like wastewater treatmerdaldw®tion,
food and dairy industries [6-9]. Many efforts hdween made
in recent years to dislodge and remove foulantsnfrine
membrane surface in order to enhance solute pelonaaing
a variety of micro/ultrafiltration membranes. A nben of
studies have been performed applying external fosteh as
forward and backward flushing, air flushing, elext and
magnetic field and ultrasound to eliminate this e [10-
15].

Ultrasound are the mechanical vibration of thestéa
medium particles around the equilibrium positionthwia
frequency above 20 kHz. When ultrasound is propagah a
liquid or gaseous media, a local thinning and thitkg of
vibrating particles of a medium occurs causing cjeanin its
density and pressure. High intensity and relativébw
frequency focused ultrasound can induce thermal zoa
thermal effects in elastic media. Non-thermal dfeof
ultrasound appear in the form of such phenomermavsation,
acoustic micro-streaming or strains on cell membsafRange
of biological effects induced in tissue by ultrasdwepends on
the acoustic parameters of the ultrasound beam, sseth as
local intensity, frequency, pulse duration, dutgtfa and
exposure time, as well as on acoustic and thernaglepties of
media of propagation such as density, sound spaschsity,
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thermal conductivity. Each of the above-mentiondxysical
parameters can in some way affect the flow of bltwdugh
the membrane. These phenomena can also prevegjirgogf
the membrane pores during filtration by increassigess /
strain forces and shock waves associated withat#osit [16].

There has been a significant amount of researastigating
on cleaning of industrial membrane in the presende
ultrasound [15,17,18]. There are a few studies uotadl on the
membranes used in medical equipment like dialydierf
[4,19]. Therefore, the aim of this work was to ekaenthe
potential of ultrasound with a 1 MHz frequency ahtv/cnt
local intensity for cleaning the hollow fiber ulfitration
membrane made of polysulfone (PSU) and used in
commercially available high flux dialyzer. Currestudy
compares clearance of the blood substitute inctudilea,
Creatinine, vitamin B12 and Inulin in presence abdence of
ultrasound used.

Materials and Methods

Experiments were performed using High-Flux dialyzer
(supplied by Soha 1, Iran and was produced by Riese
Medical Care, Germany) in five phases. The dialgostained
hollow fiber synthetic Polysulfone membrane3ablel
represents the characteristics of the dialyzer us#us study.

Ultrasound waves were generated by three piezieldiat
transducers operating at a frequency of 1 MHz aadimum
intensity output of 2 W/cf (measured in the near field of
ultrasound field) was designed in the departmenietlical
Physics at Iran University of Medical Sciences (ISMEach
transducer has an area of 4°cand generated pulses with a
duration of 0.3s and a repetition period of 0.5The
transducers were fixed on a Plexiglas frarRégre 1). All
experiments were run at a constant frequency ofHz Mnd
intensity of 2 W/crA All efforts have been made in order to
cavitation-free conditions be adopted by using ahhi
ultrasound frequency (1 MHz) to decrease the pritibalof
cavitation (in comparison to lower frequencies tetitation is
dominant) and a bubble trapper was used in ourrérpats to
remove any bubbles that may produce during thesdund
irradiation.

Penetration capability of ultrasound into the
dialyzer

The shape and the absorption coefficient of thdyréa
housing material may affect the sound penetratian the
dialyzer housing. Each transducer producing theasdinic
field was calibrated separately using radiatiorcédomethod.
The filter or dialyzer housing was made of transpar
polycarbonate elements connected by a siliconeemufibring
and a polyurethane adhesive [20]. Membrane’s filwdrshe
dialyzer were removed from its housing and replabgda
cylindrical-shaped thick paper. An aqueous solutiof
Methylene blue dye with 10 mg/l concentration waspared.
It was used as an ultrasound water bath and neydssaecord
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Table 1. High-flux dialyzer technical characteristics.

a

Dialyzer type High Flux F60 - Microfiltration

Membrane type Hollow fiber

Membrane material Synthetic Polysulfone

Dialyzer hosing material Polycarbonate
Fiber inner diameter (um) 200
Fiber wall thickness (um) 40
MWCO (kDa) 30
Pore size (um) 0.01
Ultrafiltration coefficient 40
(ml/h.mmHg)
Effective surface membrane inside

- 1.3
a dialyzer (rf)
Blood flow range (ml/min) 200-300

Figure 1. Photo of three transducers mounted on a Plexiglas plate
and placed at a distance of 5 mm from the dialyzer housing.

the ultrasonic field pattern, if it existed. Afteawds, the paper-
filled housing was immersed in the prepared sotutfor
depicting the ultrasound pattern on the cardboagkpinside
the housing. All chemicals throughout the experitrenere
supplied by Merck Inc. Continuous ultrasound waate$ MHz
frequency and intensity of 2 W/émwas applied to the paper-
filed housing for 5 minutes at 1 cm distance be&mwehe
transducers and dialyzer housing.

Temperature monitoring

Temperature control is crucial to prevent a potdmtamage to
the blood cells at the next stage of this reseddehing the

experiments, a constant water temperature of 37t6d water
bath was maintained by means of a thermostatiesystVater
was used as a coupling medium between transduoersha

filter. The temperature inside the dialyzer filsrthe center of
ultrasound field was measured by a NX7 digital mh@meter

(Hanyoung, South Korea) with a range of 0-50°C am
accuracy of £0.5%.

Preparing the blood substitute

Blood substitute was prepared based on the Fresejpiality
control procedure [21]. This solution was comprisgdoxic
compounds such as Urea, Creatinine, Vitamin B12 lantin
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at concentrations similar to those found in thégods blood
before starting the hemodialysis treatment. To kigvehe
blood substitute, Urea, Creatinine, Vitamin B12 dndlin
were dissolved in 24 liters of double distilled emto attain
concentrations of 1g/l, 0.15¢g/l, 0.05g/l, and2 Og/l,
respectively. Urea and Creatinine (60 and 113 MDalto
respectively) are relatively small molecules. VitamB12
(1355 Daltons) was used as a marker for middle cutds and
Inulin is a large molecule (5200 Daltons). The blaubstitute
prepared in this way was flowing into the High-Fllialyzer.

Ultrasonic cleaning

Three transducers were mounted on a pre-designédaiit
Plexiglas holder. The dialyzer was placed at amaladistance
of 5mm from the radiating surface of the ultrasdanémsducers
as illustrated inFigure 1. To provide a coupling medium for
penetrating of ultrasound waves into the dialyzlee, system
was placed in a glass tank (40 cm x 25 cm x 30 ag)an
ultrasonic bath filled with distilled water. The patimental
setup is shown schematicallyFigur e 2.

Dialysis set (supplied by Soha 1, Iran) includarterial and
venous transparent PVC tubes were used to conmect t
corresponding ports of the immersed dialyzer to Iheod
substitute and dialysate feed tank (Haake W26 bHEtleymo
Electron Corp, USA). The feed tanks were controlieith
temperature control system and an immersion citocul@C3
& DC5 Haake fisons, USA) so that the liquids weeptkat a
constant temperature during the experiments. Bb#h feed
baths were made of stainless steel with 24 | capaod 34 cm
x 56 cm x 40 cm dimensions. The dialyzer was fedijasy-
Load peristaltic pump heads (Masterflex I/P, USA) a
constant pressure of 1 atm. The flow rate through hlood
substitute circuit was held constant at 300 ml/mihjle the
flow rate through the dialysate circuit was maingai in the
level of 500 ml/min. The solution temperature waeptk at
37°C according to the physiological temperatura bbdy. The
priming and soaking were conducted by passinglldidtivater
through the dialyzer for two minutes before staytimain
experiments.

Sonication of Dialyzer

Filtration without sonication

A sample was taken before starting the circulatgample A).
Then, the blood substitute was circulated through IHigh-
Flux dialyzer and samples were taken every fiveutais for 60
minutes (samples #A15). No dialyzer sonication was occurred
in this part. All samples were kept at 37°C in acubator
(Inculab, Shimadzu, Japan) until analyzed.

Filtration with sonication

The above procedure was repeated, but this timehén
presence of ultrasound. A sample was taken befarténg the
circulation (sample B. Then, the blood substitute was
circulated through the dialyzer. To measure clezatBlood
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out” concentrations were sampled periodically evdiye
minutes for 60 minutes (samplegB,»,).

The effect of sonication on dialyzer cleaning wassented
by comparing the clearance for both conditionghi presence
of ultrasound waves (ON) and in their absence (OBBnple
analysis was performed wusing a Genesis 10
spectrophotometer (Thermo scientific, USA). Thelolwing
equation was used to calculate the clearance.

€ = Qpin (1 - 2%)

Cin

uv

Eq. 1

Where C is clearance gR blood substitute input flow rate ,&
output concentration and ;Cinput concentration of each
material in the samples taken. Each experimentrejasated at
least three times and acquired raw data were aathlyz
statistically using paired t-test and SPSS v16.

Results

Figures 3-5 show the ultrasound pattern recorded on the paper
inside the dialyzers housing. The intensity ofagtsund, which
during the penetration of the dialyzer did not ioelua
significant increase in temperature inside it, veamsidered
safe.

Three US probes

Water Bath mounted on
holder
- Dialyzer with
sS—————— hollow fiber
Dialysate membrane
pump
Blood pump
Tt
Blood Out
Blood Tank
Dialysate
Tank

Figure2. A block diagram used for a filtration experiment and
containing an ultrasonic module placed closeto the dialyzer.

Figures 3-5. Images of radial cross-sections of ultrasonic fields
generated by 3 transducers (1 MHz, 2W/cm? and obtained on
paper, placed at a distance of 1 cm from them, after 5 minutes of
sonication.
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Figure 6 shows the temperature variations in the presefice o values. Significant changes were confirmed for imul

ultrasound when distilled water was flowing wittestant flow clearance (p-value 0.05). Also, the Creatinine clearance
rate of 300 ml/min. Temperature measurement wafomeed displayed a negative correlation with ultrasound.

in a point corresponding to the center of the atougeld

obtained in the previous part, in order to meashemaximum Discussion

heat released. During 3.5 hours of sonication effiler, the
temperature at the center of the filter was ratse@.2°C.

The experiments with the blood substitute solutivere
performed in presence and absence of ultrasourdpi8a of
30 ml were collected from the blood substitute wiroutput
every five minuteskigures 7-10 illustrate the main findings of
this study that compare clearance of Urea, Cresjr312 and
Inulin with and without exposure to ultrasound. tSteal
results are presented Trable 2, including average, SD and P-

A dramatic increase in the number of end-stagel rdisease
patients has made physicians and policy makers mwege of
chronic kidney disease and dialysis therapy. In ¢herent
study, experiments were performed with a holloweffib
contained membrane dialysis system coupled witheethr
ultrasonic transducers to investigate the roleltosonic in the
clearance recovery of toxic materials.

Table 2. Statistical parameters of clearance (ml/min) obtained for 27
materialstested in the presence and without US.

B, Creatinine  Urea Inulin §
: &
with US 116.75  162.75 176.48 83.76 g
Average . E
without US  114.65 168.53 170.74 65.52 kg
sD with US 1.08 2.60 3.36 5.29
without US  7.28 2.80 13.60 9.11 235 ¢
p-value >0.05 <0.05 >0.05 <0.05 23
O O 0O 0O 0O 0O 0O 0O 0 9 O 0O 00O O 0O o0 O 9 o0 9 O o
SNPSASRSSSINAILERE TR
Time (min)
Figure6. Temperature variations inside the dialyzer in the
presence of US.
Creatinine
Inulin
190 +
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TE; 80735 § 1o0t 1668 626 O3 T3 g1 160.6 1616
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Figure7. Clearance of Inulin in the presence and without Figure8. Clearance of Creatinine in the presence and without
ultrasound. ultrasound.
Urea B12
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Figure9. Clearance of Urea in the presence and without Figure10. Clearance of B12 in the presence and without
ultrasound. ultrasound.
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Figures 3-5 show the penetration ability of ultrasound waves
across the dialyzer filter. The radial cross-sexgtioof the
ultrasonic field, recorded for the central planettoé dialyzer
are clearly visible and are very similar to theldfigattern
reproduced on the paper by Sarvazian method [2Bp T
recorded patterns ensured us that the absorptiattesng and
reflection did not have much effect on propagatiésound in
the filter.

Figure6 shows temperature increase during 3.5 hours of
sonication of the filter with distilled water flomgy through the
blood flow path, the maximum temperature at theterenf
ultrasonic field was raised by 2.2°C. In a real digs
treatment, the dialysate is also flowing with axleate of 500
ml/min that causes conduction and convection effeahd
adjusts the blood temperature. This means thaintlrease in
the blood temperature in a real hemodialysis pdgdess
than our finding. This is indicating that ultrasowvaves most
probably have no adverse effect on the blood sudisires.
However, hemodialysis normally increases body teatpee
that should be controlled. The use of low tempeeatialysate
can lower the body temperature as well as increasdiac
contractility [23].

The high flux F60 membrane used in this study tres
average pore diameter of 0.01 um and a MWCO (mtdecu
weight cutoff) of 30 kD. The MWCO typically refets the
smallest average molecular mass of a standard olel¢lkat
will not effectively diffuse across the dialysis mierane. There
is no direct correlation or conversion between dirdensional
metric lengths (um) and a 3-dimensional molecuize $kD)
but pore sizes typically range from 1-10 nm for ALk
MWCO membranes. What this means is that the toxic
materials, including Urea (60 D), Creatinine (118 Bnd
vitamin B12 (1355 D) that their molecular weight® anuch
smaller than the nominal MWCO, can easily passutinothe
membrane due to diffusion without the need forasiund-
enhanced membrane filtration in cross-flow. In otherds,
sonication with ultrasound has not a positive éffen the
clearance of tested particles, as expected, butpreent their
attachment to other molecules. The obtained expmeriah
results indicate that ultrasound waves have no ifgignt
effects on the clearance of Creatinine.

Figure 7 shows the effect of ultrasound waves on filtration
of hollow fiber dialysis membranes. With respect ttoe
Fresenius Polysulfone high flux dialyzer charastars, high-
flux membrane has been shown to remove a largeopoof
middle-weight molecules (500-2000 D) and has neteaing
coefficient of 100% for large molecules such aslim{21].
Therefore, Inulin can accumulate near the innefasarof the
membrane a concentrated boundary layer, known ‘@sle
layer”, can potentially clog the pores and affdwt dialyzer
performance, which will worsen the treatment.

Statistical analysis (p-value0.05) indicated that the
presence of ultrasound during dialysis in a blogdiealent
solution has a significant effect on Inulin clearanThe results
showed that in the presence of ultrasound, theénrléarance
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increased by 28%. This research demonstrated tmasaund
enhanced the permeability of the dialysis membrhreto the
effect of their radiation force, mechanical moveimeh the
dialysis fiber and acoustic streaming of the blood.

In this study, it has been attempted to approaaiitation-
free condition by selecting high frequency and lmtensity
ultrasound [24]. Cavitation, which leads to an @#ge in
oscillation and transient collapse of small bubbt#sgas,
generating shock waves, and has the potential taseca
membrane damage [15]. Liquid media subjected tasdiund
at high frequency (f > 1 MHz) are particularly setible to
the occurrence of the acoustic streaming, indu¢hem to
vortex motions ensuring the mixing of such mediwahjch
plays a significant role in membrane cleaning [25].

At frequencies higher than 1 MHz, cavitation bgbbtbllapse
occurs to a lesser extent than at low frequenaied,therefore,
damage to the membrane is less likely [10,15]. &beustic
streaming increases with the increase in frequewdy
ultrasound waves and their intensity. As a restiiinoreased
movement of fluid due to the spread of micro-strizamits
permeability increases [24]. Ultrasound-enhancednbrane
filtration has not yet been widely commercializethe key
obstacles to the commercialization of this innoxati
technology are the insufficient level of technolofyr the
production of stable transducers for membraneafittn and
the need to control membrane erosion, particulavyen
dealing with patient’s life [26].

To our knowledge, no comprehensive studies havteyeb
been conducted to evaluate the effect of ultrasoomdthe
filtration of the hollow fiber dialysis membranesrfcases
when blood or a blood substitute flows inside treyder. The
first researchers who investigated the applicatibaltrasound
to accelerate the electrolyte diffusion of elegtt®lthrough a
cellophane dialysis membrane wereetial. They found that
permeability increases with sonication time. Thégoastated
that, the lifetime of a membrane decreases withreamsing
ultrasound intensity [27]. However, application wfrasound
frequently appears in many studies and recentlyir the
applications have gained extensive importance. thkse
studies demonstrated that ultrasound have a paltendi
enhance filtration of industrial membranes [15,25].

Shiran et al evaluated clearance of a blood equivalent
solution and human whole blood flowing through ghhflux
dialyzer. Their findings revealed the potential aaifity of
1 MHz ultrasound with intensity of 1 W/émo increase the
clearance of Urea and Inulin [19]. There is a coamue
between our findings with the results reportedhia tbove-
mentioned study. Likewise, the Inulin clearance lgsia
yielded good correspondence between our findingh Wie
manufacturer's claims. Many studies showed thatasttund
has the potential to cause membrane damage, therefo
ultrasound have to be used with care [15]. Thiskwisrin
progress and further analysis will be reported sqgbently.
Further research, including assessment of pulsgdsalund,
more transducers, varied frequencies and intessitigore
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realistic blood substitute and other dialyzers lakédé on the
market will be performed.

Conclusion

The dialysis acceleration device proposed in thislys could
reduce the time necessary for dialysis and poténtsave
thousands of man hours for physicians, nursesnieieins, and
patients, with enormous economic profit. It mayHsmeficial
to the development of such an
technology. This technology can be used as a congitary
to existing dialysis equipment. The ultimate goafssuch
systems are to reduce the duration of the hemai$adessions
leading to an increased availability of dialysispatients with

innovative ultrasound
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end-stage renal disease (ESRD) as well as to irepoovat
least maintain the adequacy of hemodialysis.

Acknowledgement

The authors would like to thank the Helal Iran MediiDevice
Company (SOHA 1) especially Quality Control Sect&iaffs
for sharing their important information with us dhg this
research.

Funding

This work was supported by Iran University of mexdlic
Sciences (IUMS) (grant number 848).

References

(1]
(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

Himmelfarb J, Ikizler TA. Hemodialysis. N EngMled. 2010;363(19):1833-1845.
Mineshima M. The past, present and future efdialyzer. Contrib Nephrol. 2015;185:8-14.

Rockel A, Hertel J, Fiegel Rt al. Permeability and secondary membrane formatioa ligh flux polysulfone hemofilter. Kidney
Int. 1986;30(3):429-432.

Nii S, Oketani S, Kawaizumi F, Takahashi K. &fts of Ultrasonic Irradiation on Solute Permeattmough a Dialysis Membrane. J
Chem Eng Japan. 2005;38(7):497-501.

Li H, Ohdaira E, Ide M. Enhancement in Diffusi@f Electrolyte through Membrane Using UltrasoBialysis Equipment with
Plane Membrane. Jap J Appl Phys. 1995;34(5S):2725.

Cai M, Li W, Liang H. Effects of ultrasound panaters on ultrasound-assisted ultrafiltration usamgss-flow hollow fiber
membrane for Radix astragalus extracts. ChemEng Process Intensification. 2014;86:30-35.

Lamminen MO, Walker HW, Weavers LK. Cleaningparticle-fouled membranes during cross-flow filivat using an embedded
ultrasonic transducer system. J Membr Sci. 200§1283225-232.

Li J, Hallbauer DK, Sanderson RD. Direct monihgy of membrane fouling and cleaning during ultnadtion using a non-invasive
ultrasonic technique. J Membr Sci. 2003;215(1-2533

Maskooki A, Kobayashi T, Mortazavi SA, Maskooki Effect of low frequencies and mixed wave ofatound and EDTA on flux
recovery and cleaning of microfiltration membrarésp Purif Technol. 2008;59(1):67-73.

[10] Masselin I, Chasseray X, Durand-Bourlieret,al. Effect of sonication on polymeric membranes. Jride Sci. 2001;181(2):213-
220.

[11] Jin W, Guo W, LU X, et al. Effect of the Ultrasound Generated by Flat Plaansducer Cleaning on Polluted
Polyvinylidenefluoride Hollow Fiber UltrafiltratioMembrane. Chin J Chem Eng. 2008;16(5):801-804.

[12] Wang X-l, Li X-f, Fu X-q, et al. Effect of ultrasound irradiation on polymeric mafiltration membranes. Desalination.
2005;175(2):187-196.

[13] Kyllébnen H, Pirkonen P, Nystrém Mt al. Experimental aspects of ultrasonically enhancedscflow membrane filtration of
industrial wastewater. Ultrason Sonochem. 2006 1395-302.

[14] Cai M, Zhao S, Liang H. Mechanisms for the erdaament of ultrafiltration and membrane cleaning different ultrasonic
frequencies. Desalination. 2010;263(1-3):133-138.

[15] Kyllbnen HM, Pirkonen P, Nystrém M. Membraniéirftion enhanced by ultrasound: a review. Desdion. 2005;181(1-3):319-
335.

[16] Li X, Yu J, Nnanna AGA. Fouling mitigation fdrllow-fiber UF membrane by sonication. Desalioati2011;281:23-29.

[17] Chai X, Kobayashi T, Fujii N. Ultrasound-assated cleaning of polymeric membranes for waterttneat. Sep Purif Technol.
1999;15(2):139-46.

[18] Chai X, Kobayashi T, Fujii N. Ultrasound effem cross-flow filtration of polyacrylonitrile ulifiltration membranes. J Membr Sci.
1998;148(1):129-135.

[19] Shiran MB, Barzegar Marvasti M, Shakeri-Zadehefal. Enhancement of Toxic Substances Clearance fromdBEguvalent
Solution and Human Whole Blood through High FluxIiar by 1 MHz Ultrasound. J Biomed Phys Eng. 20(2);707-116.

[20] Care FM. Dialysers and Filters Product RangeClire FM, editor. Deutschland GmbH 2007.

96



Behrouz Rasuli et al: Ultrasound-enhanced hemodialysis Pol J Med Phys Eng 2018;24(3):91-97

(21]
[22]

(23]

(24]
(25]

(26]

(27]

Care FM. Fresenius Polysulfone High-Flux Digsz In: Care FM, editor. Deutschland GmbH

Watmough DJ, Quan KM, Shiran M, editors. Thren&zyan method of mapping ultrasound fields. IEHogaium on Ultrasound
Instrumentation; 1990 10 May 1990.

van der Sande FM, Wystrychowski G, Kooman éPal. Control of Core Temperature and Blood Pressureilyaduring
Hemodialysis. Clin J Am Soc Nephrol. 2009;4(1):93-98

Hesson JR. Fundamentls of Ultrasound Cleanimited States: Hessonic Ultrasounic.

Kobayashi T, Kobayashi T, Hosaka Y, Fujii Nltidsound-enhanced membrane-cleaning processegedppéater treatments:
influence of sonic frequency on filtration treatrterJltrasonics. 2003;41(3):185-190.

Parker PM. Hemodialysis, A Medical DictionaBibliography and Annotated Research Guide to InteRederences. ICON Health
Publications; 2004. 408 p.

Li H,, Ohdaira E, Ide M. Effect of Ultrasoniradiation on Permeability of Dialysis MembranapJd Appl Phys. 1996;35(5S):3255.

97



