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AAMI Technical Information Report

A technical information report (TIR) is a publication of the Association for the Advancement of Medical Instrumentation
(AAMI) Standards Board that addresses a particular aspect of medical technology.

Although the material presented in a TIR may need further evaluation by experts, releasing the information is valuable
because the industry and the professions have an immediate need for it.

A TIR differs markedly from a standard or recommended practice, and readers should understand the differences
between these documents.

Standards and recommended practices are subject to a formal process of committee approval, public review, and
resolution of all comments. This process of consensus is supervised by the AAMI Standards Board and, in the case of
American National Standards, by the American National Standards Institute.

A TIR is not subject to the same formal approval process as a standard. However, a TIR is approved for distribution by
a technical committee and the AAMI Standards Board.

Another difference is that, although both standards and TIRs are periodically reviewed, a standard must be acted on—
reaffirmed, revised, or withdrawn—and the action formally approved usually every five years but at least every 10 years.
For a TIR, AAMI consults with a technical committee about five years after the publication date (and periodically
thereafter) for guidance on whether the document is still useful—that is, to check that the information is relevant or of
historical value. If the information is not useful, the TIR is removed from circulation.

A TIR may be developed because it is more responsive to underlying safety or performance issues than a standard or
recommended practice, or because achieving consensus is extremely difficult or unlikely. Unlike a standard, a TIR
permits the inclusion of differing viewpoints on technical issues.

CAUTION NOTICE: This AAMI TIR may be revised or withdrawn at any time. Because it addresses a rapidly evolving
field or technology, readers are cautioned to ensure that they have also considered information that may be more recent
than this document.

All standards, recommended practices, technical information reports, and other types of technical documents
developed by AAMI are voluntary, and their application is solely within the discretion and professional judgment of the
user of the document. Occasionally, voluntary technical documents are adopted by government regulatory agencies or
procurement authorities, in which case the adopting agency is responsible for enforcement of its rules and regulations.

Comments on this technical information report are invited and should be sent to AAMI, Attn: Standards Department,
901 N Glebe Rd., Suite 300, Arlington, VA 22203-1633
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Foreword

This technical information report was developed by the AAMI Renal Disease and Detoxification Committee. The
objective is to provide technical information that will assist medical device manufacturers in determining acceptable
levels of particulate on medical device products used to deliver or implant into the vasculature, or both.

The following verbal forms are used within AAMI documents to distinguish requirements from other types of provisions
in the document:

— “shall” and “shall not” are used to express requirements;

— “should” and “should not” are used to express recommendations;

— “may” and “may not” are used to express permission;

— “can” and “cannot” are used as statements of possibility or capability;
— “might” and “might not” are used to express possibility;

— “must” is used for external constraints or obligations defined outside the document; “must” is not an alternative
for “shall.”

Suggestions for improving this recommended practice are invited. Comments and suggested revisions should be sent
to Standards, AAMI, 901 N Glebe Road, Suite 300, Arlington, VA 22203 or standards@aami.org.

NOTE  This foreword does not contain provisions of the AAMI TIR43, Ultrapure dialysis fluid for hemodialysis and related therapies
(AAMI TIR43:2021), but it does provide important information about the development and intended use of the document.
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Introduction

Hemodialysis patients are directly exposed to large volumes of dialysis fluid, with the dialyser membrane being the only
barrier against the transfer of potentially hazardous contaminants from the dialysis fluid to the patient. It has long been
known that there could be contaminants in dialysis fluid that are hazardous to patients. To minimize this hazard,
ANSI/AAMI/ISO 23500-5:2019, Guidance for the preparation and quality management of fluids for haemodialysis and
related therapies — Part 5: Quality of dialysis fluid for hemodialysis and related therapies [1], establishes quality
requirements for dialysis fluid used in hemodialysis and related therapies. These quality requirements define two
classes of dialysis fluid: standard dialysis fluid and ultrapure dialysis fluid. The maximum allowable levels of chemical
contaminants are the same for both standard dialysis fluid and ultrapure dialysis fluid; however, they differ in the
maximum allowable levels of microbial contaminants. According to ANSI/AAMI/ISO 23500-1:2019, Guidance for the
preparation and quality management of fluids for hemodialysis and related therapies — Part 1: General requirements
[2], dialysis fluid complying with the requirements for standard dialysis fluid is the minimum quality acceptable for routine
hemodialysis. However, it recommends that ultrapure dialysis fluid be used, even for routine hemodialysis. The
recommendation is based on clinical and experimental observations that improving the microbiological purity of dialysis
fluid is associated with reduced levels of inflammation and a reduction in morbidities associated with inflammation.
These apparent advantages of ultrapure dialysis fluid might not be widely appreciated and implementing the routine
use of ultrapure dialysis fluid could require changes in dialysis unit practices. For these reasons, this Technical
Information Report was developed to provide background information on ultrapure dialysis fluid, and to review strategies
that could be helpful in implementing its routine use.

This Technical Information Report is directed at healthcare professionals involved in the management of dialysis
facilities (dialysis units) and the routine care of patients treated in dialysis facilities, because they are responsible for
the final preparation of dialysis fluid.
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AAMI Technical Information Report AAMI TIR43:2021

Ultrapure dialysis fluid for hemodialysis and related
therapies

1 Scope

This Technical Information Report (TIR) addresses the preparation of ultrapure dialysis fluid from water and
concentrates and its use in performing hemodialysis and related therapies in dialysis facilities (dialysis units).

1.1 Inclusions

The Technical Information Report includes the definition of ultrapure dialysis fluid, the rationale for its use, and some
means by which it can be prepared and other considerations. Manufacturer and user roles and responsibilities are
presented.

1.2 Exclusions

This Technical Information Report does not cover peritoneal dialysis fluids or prepackaged dialysis fluids, such as those
used in continuous renal replacement therapies (CRRT). This TIR does not apply to home dialysis systems.

NOTE  While this TIR is primarily directed at the preparation of ultrapure dialysate in dialysis facilities, aspects of it might also apply
to home dialysis with standard dialysis machines.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

Ultrapure dialysis fluid is defined by the level of microbiological contamination. While chemical contaminants in the
dialysis fluid can harm patients, there is as yet no evidence to show that reducing chemical contaminant levels below
those specified in ANSI/AAMI/ISO 23500-3, Guidance for the preparation and quality management of fluids for
haemodialysis and related therapies -- Part 3: Water for haemodialysis and related therapies [3], improves patient
outcomes. Therefore, this clause is limited to defining different levels of dialysis fluid quality based on microbiological
contaminants.

3.1

dialysis fluid

dialysate

dialysis solution

aqueous fluid containing electrolytes and, usually, buffer and glucose, which is intended to exchange with blood
contaminants during hemodialysis and hemodiafiltration.

Note 1 to entry: The term “dialysis fluid” is used throughout this document to mean the fluid made from dialysis water and concentrates
that is delivered to the dialyser by the dialysis fluid delivery system. Such phrases as “dialysate” or “dialysis solution” are used in place
of dialysis fluid in some countries; however, that usage is discouraged to avoid confusion.

Note 2 to entry: ANSI/AAMI/ISO 23500-5 [1] defines three levels of dialysis fluid: standard dialysis fluid, ultrapure dialysis fluid, and
online-prepared substitution fluid used for haemodiafiltration.

Note 3 to entry: The dialysis fluid entering the dialyser is referred to as “fresh dialysis fluid”, while the fluid leaving the dialyser is
referred to as “spent dialysis fluid.”
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Note 4 to entry: Dialysis fluid does not include prepackaged parenteral fluids used in some renal replacement therapies, such as
hemodiafiltration and hemofiltration.

3.2

feed water

raw water

source water

water entering a dialysis facility supplied to a water treatment system (e.g., pre-treatment system) or to an individual
component of a water treatment system

Note 1 to entry: the water supplied to the water treatment system is potable water that meets drinking water requirements.

3.3

ultrapure dialysis fluid

ultrapure dialysate

dialysis fluid meeting more rigorous standards for microbiological quality than conventional dialysis fluid and can be
used in place of conventional dialysis fluid (adapted from ANSI/AAMI/ISO 23500-1:2019 [2]).

Note 1 to entry: One widely used definition of ultrapure dialysis fluid limits the total viable microbial count to less than 0.1 CFU/mL
(100 CFU/L) and the endotoxin concentration to less than 0.03 EU/mL (Ledebo and Nystrand, 1999 [4]).

Note 2 to entry: This definition has been adopted in principle by the European Renal Association (European Renal Association, 2002
[6]) and ISO (ISO, 2019 [1]). The Japanese Society for Dialysis Therapy recommends an even lower maximum allowable concentration
for endotoxin of 0.001 EU/mL (Kawanishi, et al., 2009 [7]). No action limits are set for ultrapure dialysis fluid, as the recommended
maximum allowable levels for bacteria and endotoxin are close to the lower limits of detection for commonly available assays.

3.4

substitution fluid

substitution solution

fluid used in hemofiltration and hemodiafiltration treatments which is infused directly into the patient's blood as a
replacement for the fluid that is removed from the blood by ultrafiltration

Note 1 to entry: Substitution fluid is also referred to as substitution solution or replacement solution.

Note 2 to entry: Substitution fluid can also be used for bolus administration, for priming of an extracorporeal blood circuit, and for
returning blood to the patient at the end of a treatment.

4 Rationale for the use of ultrapure dialysis fluid

4.1 Exposure to microbiological contaminants in dialysis fluid

Water constitutes 95 % of dialysis fluid (Ledebo and Nystrand, 1999 [4]) and is used in the preparation of dialysis fluid
concentrates, reprocessing of dialysers for reuse, and for cleaning and disinfecting distribution systems and dialysis
machines. The quality of the water affects each of those processes and ultimately has a cumulative effect on the quality
of the therapy delivered. As many as 200 different species of microorganisms have been identified in water used to
prepare dialysis fluid and in the dialysis fluid itself, including several pseudomonads (Pseudomonas aeruginosa,
Stenotrophomonas maltophilia, Brevundimons vesicularis, etc.) and other gram-negative species such as Alcaligenes
species, Moraxella, Corynebacteria, and fungi (molds or filamentous fungi and yeast) (Gomlia, et al., 2005 [8]; Nystrand,
2008 [9]; Liposs, et al., 1996; Arvanitidou, et al., 2000 [10]).

In the United States, the average person consumes approximately 14 liters of water every week. During their dialysis
treatments in typical dialysis facilities using standard hemodialysis machines, hemodialysis patients are exposed to an
additional 400 — 500 liters weekly in the form of dialysis fluid that is separated from the patient’s blood by only a semi-
permeable dialyser membrane. (The recirculating regenerative dialysis fluid preparation path design of sorbent-based
regenerative hemodialysis systems and/or other treatment modalities may lower the volume of water to which patients
are exposed.)

4.2 Sources of microbial contamination

Incoming water from a municipal water treatment utility to a dialysis facility should meet the United States Environmental
Protection Agency’s (EPA) Primary Drinking Water Standard (U.S. EPA, 1996 [11]). Those regulations address the
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presence of total coliforms, including Escherichia coli, in drinking water as an indicator of fecal contamination. In
general, no specific testing is required for other microbial contaminants. Total bacterial content is expected to be 500
CFU/mL or less but is not an EPA Standard requirement. However, if the water is derived from surface sources, control
measures are required to be in place for Cryptosporidium, Giardia lamblia, and Legionella. Rural sources of water, not
managed by public utilities, may not meet EPA standards, increasing the potential concentration of microbial
contaminants.

Because the water treatment system removes germicides, such as chlorine and chloramine, from the municipal water
(Ismail, et al., 1996 [12]), and because bacteria may enter the treated water storage and distribution system through
gaps in system integrity, there is potential for bacterial growth, endotoxin production, biofilm development, and
accumulation of microbial debris in the water distribution system and at points of use.

Biofilm is the most common source of microbial contaminants in the dialysis fluid. Biofilms form when bacteria in a fluid
adhere to a surface and generate a protective shield of extracellular polymer termed a glycocalyx. Biofilm is the
preferred habitat for bacteria in fluid systems (Sutherland, 2001 [13]; Donlan, 2002 [14]). In addition to bacteria and
their debris, such as peptidoglycan, lipopolysaccharides, lipid A, and DNA and RNA fragments, the glycocalyx also
traps exotoxins and other low molecular weight by-products of bacterial metabolism. As a biofilm matures, it can slough
off portions of itself in an unpredictable manner, releasing many of these trapped materials, as well as viable bacteria,
into the water or dialysis fluid. Many of these bacterial products are undetectable by currently available techniques but
are potentially harmful to the patient. Biofilm can form anywhere that a non-sterile fluid flows over a hard surface and
thus may become established within the distribution systems for both treated water and bicarbonate concentrate, the
non-disposable fluid pathway of any dialysis fluid preparation systems feeding the hemodialysis machine, e.g., a central
dialysis fluid distribution system, and the hydraulic circuit of the hemodialysis machine.

4.3 Transfer of microbial contaminants across the dialysis membrane and their effect

The ability of a dialyser membrane to function as a barrier against bacterial products in the dialysis fluid was long relied
upon empirically, although not without some controversy. Widespread adoption during the 1980s of bicarbonate dialysis
fluid, which is a good bacterial culture medium (Ebben, et al., 1987 [15]), and the increasing use of high-flux
membranes, prompted more targeted investigation of the potential for transfer of bacterial products from the dialysis
fluid into the blood compartment of the dialyser. The current ANSI/AAMI/ISO 23500 parts 1 [2] and 5 [1] define limits
for bacteria and endotoxin presence in dialysis fluid, derived as a result of this transfer risk. Several in vitro studies
have shown that bacterial products can cross both high-flux and low-flux membranes (Laude-Sharp, et al., 1990 [16];
Urena, et al., 1992 [17]). Intact bacteria are too large to cross the dialyser membrane, as are some bacterial products,
such as lipopolysaccharide (LPS, > 100 kD) and exotoxin A (71 kD), even though hemodialysis patients are reported
to have endotoxin antibodies specific to endotoxins extracted from bacteria isolated from dialysis fluid (Gazenfeldt-
Gazit and Eliahou, 1969 [18]; Yamagami, et al., 1990 [19]).

However, bacterial products of smaller molecular size, including small fragments of endotoxin, fragments of bacterial
DNA, and other microbial products (Lonnemann, et al., 1992 [20]; Schindler et al. 2004 [21]; Jochimsen, et al., 1998
[22]; Bossola, et al., 2009 [23]), can cross dialyser membranes from dialysis fluid to the blood compartment and elicit
an inflammatory response. These small bacterial products are termed “cytokine-inducing substances” (CIS) and can
cross the dialyser membrane by both backfiltration and diffusion (Lonnemann, 2000 [24]). In an in vitro study, Tao, et
al. (2014) [25], demonstrated transfer of single-stranded DNA of up to 50 base pairs by convection (sieving
methodology) and 35 base pairs in conventional dialysis. A role for diffusion was demonstrated by Pereira, et al. (1995)
[26] who observed that cytokine production by peripheral blood mononuclear cells (PBMC), a sensitive marker of the
presence of endotoxin, increased within the first hour of dialysis in the strict absence of backfiltration. In an open labeled
prospective study of 25 patients, circulating plasma endotoxin levels fell significantly (33 %) after the first four weeks of
ultrapure dialysis fluid use (Kwan, et al., 2013) [27].

Depending on the level of bacteria and endotoxin in the dialysis fluid, patient exposure to such substances may elicit
an immediate effect, such as a pyrogenic reaction, cardiovascular instability, headache, nausea, and cramps (Dawids
and Vejlsgaard, 1976 [28]; Favero, et al., 1974 [29]). At lower levels, CIS can stimulate synthesis of pro-inflammatory
cytokines, such as tumor necrosis factor-o. (TNFa) and interleukin-1 (IL-1) (Lonnemann, et al., 1992 [20]; Pereira, et
al., 1995; [26] Schindler, et al., 1996 [30]).
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This ability to provoke inflammation is the basis for hypotheses that link dialysis fluid contamination with dialysis-
associated morbidity. The “interleukin hypothesis” links cytokines induced by bio incompatibilities to fever and
hypotension during or after a hemodialysis session (Henderson, et al., 1983 [31]), while the malnutrition, decreased
albumin levels, inflammation, and atherosclerosis (MIA) syndrome (Stenvinkel, et al., 1999 [32]; Stenvinkel, et al., 2000
[33]) has been proposed to explain some of the more chronic consequences of long-term hemodialysis. Part of the
rationale for both these hypotheses is that long term exposure to low levels of microbial contaminants and debris that
can cross the dialyser membrane by backfiltration contributes to a chronic state of micro-inflammation. While these
hypotheses have not been tested in long-term, prospective, controlled clinical trials, small prospective and retrospective
studies, as well as anecdotal data gathered over the past 30 years, support the hypothesis that microbial contamination
of water and dialysis fluid contribute to a number of complications seen in dialysis patients. These include dialysis-
related amyloidosis, atherosclerosis, malnutrition, decreased albumin levels, inflammation, anemia expressed as
resistance to erythropoietin therapy, and increased ferritin levels, decreased serum albumin levels, muscle protein
wasting, protein catabolism, and bone disease, as reviewed by Lonnemann (2000) [24] and in 3.4.

In vitro studies have shown that specific membrane characteristics determine the amount of CIS appearing in the blood
compartment of dialysers (Henrie, 2008) [34]. The thickness of a membrane influences its pyrogen (e.g., endotoxin)
permeability, as membrane thickness is one of the factors that determine diffusive resistance. Membrane permeability
is also influenced by physico-chemical composition. Synthetic membranes such as polysulfone and polyamide contain
hydrophobic domains that can bind hydrophobic pyrogens (e.g., lipids like LPS fragments) (Hayama, et al., 2003) [35].
The fiber wall of synthetic membranes have a thickness often in the range of 35 — 50 ym, comprising mostly an open
cellular structure which serves to support the thin, nano-porous inner blood contacting layer. This porous structural
layer comprises hydrophobic domains which adsorb endotoxin, while the inner blood contacting layer serves as both
an endotoxin and bacterial barrier. A synthetic membrane may also involve fibers having a nano-porous outer skin,
offering barrier properties before entry to the fiber wall (Yamamoto, et al., 2006) [36]. Rejection of endotoxin is
influenced by size exclusion, and in turn by the size of the nano-pores on the inner or outer membrane skin. The
effective endotoxin and bacterial retention capabilities of synthetic membranes lead to their use for production of
ultrapure dialysis fluid and substitution fluid for Online convective therapies. However, there are exceptions: at least
one polysulfone-based membrane (DIAPES) has been reported to be somewhat permeable to CIS (Lonnemann, et al.
2001 [37]; Schindler, et al., 2003 [38]; Weber, et al., 2004 [39]).

Non-synthetic, cellulosic membranes tend to be less of a barrier to CIS (Lonnemann, et al., 1992 [20]). Low-flux
cellulosic membranes are thinner (6.5 — 8 pym) and generally lack the hydrophobic domains that bind hydrophobic
pyrogens.

44 Benefits associated with use of ultrapure dialysis fluid

As noted, patients treated by hemodialysis have been observed to manifest a state of chronic inflammation
characterized by increased plasma concentrations of pro-inflammatory cytokines and acute phase proteins, such as C-
reactive protein (Herbelin, et al., 1991 [40]; Kimmel, et al., 1998 [41]; Owen and Lowrie, 1998 [42]). An improvement in
this inflammatory state has been reported in numerous studies in which bacterial and endotoxin levels in the dialysis
fluid have been systematically reduced (Schindler, et al., 1994 [43]; Sitter, et al., 2000 [44]; Schiffl, et al., 2001 [45];
Matsuhashi and Yoshioka, 2002 [46]; Arizono, et al., 2004 [47]; Hsu, et al., 2004 [48]; Rahmati, et al., 2004 [49]; Furuya,
et al., 2005 [50]; Molina, et al., 2007 [51]; Go, et al., 2007 [52]; Susantitaphong, 2013 [53]; Di Lorio, et al 2017 [54]).

Reactive carbonyl compounds (RCOs) are precursors of uremia-associated advanced glycation end products (AGEs).
Pentosidine is an AGE that correlates highly with precursor RCOs and is used as a surrogate marker for plasma
carbonyl stress, which has been implicated in the development of uremic complications, such as atherosclerosis. Use
of ultrapure dialysis fluid has been associated with improved carbonyl stress, evidenced by a decrease in plasma
pentosidine concentrations (Furuya, et al., 2005 [50]; Izuhara, et al. 2004 [55]).

There are also preliminary data suggesting that ultrapure dialysis fluid may be of benefit in preserving residual renal
function (Schiffl, et al., 2002 [56]; McKane, et al., 2002 [57]), in reducing cardiovascular morbidity (Lederer and Schiffl,
2002 [58]; Blagg, et al., 2003 [59]), in modulating risk factors for cardiovascular morbidity (Oka, et al., 2004 [60]; Schiffl
and Lang, 2009 [61]; Honda, et al., 2009 [62], Tao, et al., 2010 [63]), and in improving responsiveness to vaccines
(Schiffl, et al., 2002 [64]). A reduction in all-cause mortality correlated with incrementally lower dialysis fluid endotoxin
content (Hasegawa, et al., 2015 [65]).
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