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Abstract
Water treatment system and dialysis monitors are susceptible to microbial contaminations and pe-

riodical disinfection procedures are mandatory to obtain results requested from international stand-

ards and guidelines. Several chemical germicides or some physical treatments are on the market

validated by device manufacturer according to medical device directives. With time, interfering sub-

stances from dialysis device or water are able to modify disinfection efficiency. Simulating-use test-

ing is not a common procedure to validate disinfectants and recent data document as biofilm

represents the most important cause of disinfection inefficacy. Some international standards include

tests in the presence of various interfering substances but their use is not widespread. When using a

disinfectant, residue toxicity, material compatibility and potential risks for the staff also have to be

considered. A quality assurance program has to be implemented to obtain adequate performances

and to improve results on patients.
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BACKGROUND

For a long time, the quality of water for dialysis and of

dialysate have been neglected by many nephrologists1 but

today they have emerged as fundamental components of
the dialysis procedure. They participate to the biocom-

patibility of the system2 and, from more recent data, they

represent contributory factors to the hypercytokinemia of

dialysis patients with consequent chronic inflammation.3

An amplifying effect is attributed to biofilm formation

when water treatment system and monitors become con-

taminated with microbes because of inadequate mainte-

nance.4 As a result, disinfection procedures represent the
possibility of avoiding the passage of endotoxins or even

smaller bacterial fractions through the dialyzer mem-

brane, thus significantly reducing the markers of micro-

inflammation, such as C-reactive protein and interleukin-

6. Disinfection assures water quality as a part of various

anti-inflammatory treatment strategies to improve out-

come on these patients.

STANDARDS, GUIDELINES AND
DISINFECTION PROTOCOLS

The recent introduction of quality concepts into medicine
has supported the definition of acceptable levels of con-

tamination, both chemical and microbiological, in dialy-

sis fluids. The Association for the Advancement of

Medical Instrumentation (AAMI) standards have repre-

sented a worldwide reference for many years since 1980

and they have been recently updated.5,6 In Europe most

standards are defined by the European Pharmacopoeia7

or suggested by national guidelines.8 Table 1 reports the
present microbiological standards. Of note is the defini-

tion of ultrapure dialysate. It represents one of the most

important issues in dialysis since 2 decades. After the first

demonstration of the potential clinical advantages, ultra-

pure dialysate has been accepted and routinely used from

most nephrologists and nowadays it enters AAMI stand-

ards and EDTA guidelines being claimed as indicated for

all type of hemodialysis treatments.8,9 To assure adequate
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quality from standard or ultrapure dialysate as well as

from infusion solutions used in online treatments, con-

tamination levels reported in Table 1 should be periodi-

cally checked while regular disinfection protocols are

mandatory, both for water treatment system and monitors.

As a matter of fact disinfection should be scheduled to
prevent rather than to eliminate bacteria and biofilm.

Different liquid chemical germicides or physical disin-

fectant techniques are commercially available. Table 2 re-

ports the most common disinfectants used in dialysis and

their effects in terms of tolerability on piping materials.

Chemical and physical germicides may damage the de-

vices or lead to deterioration of the materials, adversely

affecting the safety and effectiveness of the device. Disin-
fectant action may result in surface cracking or pitting,

making the piping more difficult to clean or more prone

to maintenance needs with increased costs.

Optimal disinfectant agent is supposed to obtain not

only disinfection but also a descaling and a cleaning effect.

To help in obtaining all these effects it is a common pro-

cedure to intermittently add to disinfectant some descal-
ing agent. Acetic acid, citric acid, acetohydroxy acid, lactic

acid, sodium carbonate represent most commonly used

products and depending on the agent this is used alone or

in mixed combination with chemical or heat disinfection.

DISINFECTANT VALIDATION

Most germicides used for dialysis equipment are derived

from substances with a well documented antibacterial

Table 1 Standard for microbiological contamination in different dialysis fluids

AAMI 6 European pharmacopoeia7 EDTA-ERA guidelines8

Water for dialysis
Bacteria (CFU/mL) 200 (action level at 50) 100 100
Endotoxin (EU/mL) 2 (action level at 1) 0.25 0.25

Concentrate
Bacteria (CFU/mL) 200 (action level at 50) — —
Endotoxin (EU/mL) 2 (action level at 1) 0.5 —

Dialysate
Bacteria (CFU/mL) 200 (action level at 50) — 100
Endotoxin (EU/mL) 2 (action level at 1) — 0.25

Ultrapure dialysate
Bacteria (CFU/mL) 0.1 — 0.1
Endotoxin (EU/mL) 0.03 — 0.03

Dialysate for infusion
Bacteria (CFU/mL) o106 o106 o106

Endotoxin (EU/mL) o0.03 0.25 o0.03

CFU=colony forming units

Table 2 The most common disinfectants used for water treatment system and monitors and their compatibility with piping
material (Adapted from AAMI Standard and Recommended Practices. AAMI/RD52:2004. Dialysate for Haemodialysis. Arling-
ton, VA, USA: Association for the Advancement of Medical Instrumentation; 2004)

Water treatment system Monitors Compatibility a

Physical
Ultraviolet irradiators X — nr
Hot water (480 1C) X X PVDF, PEX, SS

Chemical
Hypochlorites X X PVC, PVDF, PEX, PP, PE
Peracetic acid X X PVC, PVDF, PEX, PP, PE, ABS
Chlorine dioxide — X PVC, PVDF, PEX, PP, PE
Formaldehyde X — PVC, PVDF, PEX, PP, PE, SS
Ozone X — PVC (low concentration), PVDF, SS

ABS = acrylonitrile butadiene styrene; PEX = cross-linked polyethylene; PE = polyethylene; PP = polypropylene; PVC = polyvinylchloride; PVDF
= polyvinylidene fluoride; SS = stainless steel; nr = not reported; X = applicable; — = not applicable.
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effect and with a long tradition of use in hospital disin-
fection. The criteria for choosing from several compounds

are based not only on general antibacterial activity but

mainly on specific items: time contact dependent activity,

toxicity from residues, handling problems, biocompati-

bility, stability, material/device compatibility. A validation

process is derived from these parameters to indicate a

disinfectant agent for use on dialysis water system treat-

ment or monitors.
In the U.S.A., up to some years ago, the Food and Drug

Administration (FDA) would consider liquid chemical

germicides to be accessories to the devices they were used

to process and regulated them in the same class as the

primary device. Subsequently, FDA defined 3 types of

liquid chemical germicides for medical devices: sterilant/

high-level disinfectant, intermediate level disinfectant,

and low level disinfectant and from a regulatory perspec-
tive divided these products into 2 categories: (i) high-lev-

el disinfectants for processing critical and semicritical

devices and (ii) general purpose disinfectants (including

intermediate level disinfectants and low level disinfect-

ants) for processing noncritical devices and medical

equipment surfaces. More recently, in 2002, the FDA re-

viewed disinfectants specifically used in dialysis to proc-

ess dialysate delivery systems and water purification
systems. It was recognized that, even if liquid chemical

germicides do not meet the definition of sterilants/high-

level disinfectants, they can have an impact on the expo-

sure of dialysis patients to bacterial toxins. The final de-

cision was that to provide reasonable assurance of safety

and effectiveness, manufacturers had to submit premar-

ket notification and receive clearance before marketing a

disinfectant agent for dialysis. Disinfectants are now con-
sidered as accessories to the dialysate delivery systems

and water treatment systems, which are both class II

devices, and therefore are in the same class II classi-

fication.10 Recent AAMI standards underline these

requirements and note, at the same time, that day-to-

day microbial dialysate quality is under the control of the

healthcare professionals who deliver dialysis therapy.6 In

Europe water treatment system and dialysis monitor are
as well regulated by medical devices and CE mark appli-

cation directives. Disinfection is a part of the maintenance

procedure validated by the device’s manufacturer. Once

the device has entered a clinic with a prolonged routine

use, many critical variables as difficulty in cleaning, ma-

terials modification, pH, temperature and hardness vari-

ations from incoming water, various bacterial strains

presence, and biofilm presence may limit contact and ef-
fectiveness of disinfection. These variables represent

modification of initial validation process and induction

of conditions under which germicide will fail. Hard water
and 5% albumin are commonly referenced as examples of

inorganic and organic challenges, respectively, to be used

in simulated worst-case-use testing during validation

process. At this moment, although most disinfectant

agents used in water treatment system and inside hemo-

dialysis machines have proven efficacy in killing plank-

tonic bacteria, few of them have been tested for biofilm

activity. From literature it has been demonstrated a con-
centration-dependent effect from bleach on biofilm re-

moval11 and, with different disinfectants, a bacterial

regrowing after some hours from a disinfection performed

in the presence of biofilm on piping.12,13 At the same

time chemical or heat disinfections show a reduced effect

on endotoxins removal when devices are heavily contam-

inated and biofilm is present.11,12 Only autoclaving is

able to obtain biofilm removal with an almost complete
(499.9%) bacteria and endotoxins reduction.11,14 Un-

fortunately this method is limited to 1 model of dialysis

monitor and application of steam disinfection to water

treatment plant results in a high-initial cost followed by a

still high maintenance.

The Association Francaise de Normalisation (AFNOR)

has set several standards for determining bactericidal ac-

tivity of a disinfectant, depending on intended use, and
simulating ‘in vitro’ clean and dirty conditions.15 Based

on standard recommended for high-level disinfection of

medical instrumentation, specific standards could be sug-

gested for dialysis equipment. Based on AFNOR stand-

ards, Table 3 reports suggested standards description as

well as considered interfering substances and specific test

requirements. Some of these standards have been adopt-

ed as European standards from CEN (European Commit-
tee for Standardization). In Europe, following medical

device directives for dialysis-related devices, the problem

of assuring disinfection has caused movements at regu-

latory level on germicidal validation but inquiry on a

recent database from France reports only 3 products as

validated according to some AFNOR standards.16

PROBLEMS FROM CHEMICAL
GERMICIDES

Germicide residues that could remain associated with de-

vices following disinfection may be toxic and may pose a

risk to patients and users. The residues may be active or

inert ingredients as well as their by-products or neutral-

izers. The remaining amount of residue may vary de-

pending upon the conditions of use of the germicide, the

specific component materials, and the methods used to

rinse the device itself. Therefore, it is important that the

Disinfection in dialysis
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residues are analyzed and quantified to avoid the poten-
tial health risks to patients.

In addition, the staff is exposed to the germicide solu-

tion while repeatedly processing devices with the germi-

cide. Therefore, the potential health risks that the

germicide solution poses to the staff from handling the

solution also should be assessed and adequate preventive

measures should be used.

To avoid problems from chemicals use and to simplify
treatments, some physical treatments have entered dialy-

sis units mainly for disinfection of water treatment sys-

tem. Ultraviolet (UV) irradiators, ozone generators, as

well as hot water or steam generators are progressively

increasing in use. The goal would be to completely sub-

stitute chemicals to avoid most problems and contribute

to reduce impact on environmental pollution.

Ultraviolet emission has to be carefully controlled as it
is lamp frequency dependent and decreasing with time of

use. Ultraviolet lights are effective in killing bacteria when

a low-pressure mercury lamp emits UV at a wavelength of

254 nm and assures a radiant energy dose of 30 mWs/

cm2. The effect on endotoxins removal is quite low and

therefore its use is limited to the pre-treatment section of

the water plant. Ozone is quite effective in killing bacteria

and degrading endotoxins with efficacy being concentra-
tion and time dependent. It is generated from air oxygen

and injected in the water of the system. A concentration

of 0.2–0.5 mg/L with a 10-min contact time is needed to

completely kill bacteria, spores and virus, whereas longer

time and higher concentrations are necessary for biofilm

removal. Ozone production should be monitored and its

level in ambient air should also be periodically checked to

enter contamination air standard of 0.1 ppm. Hot water
(485 1C) is used for distribution loop and monitor dis-

infection. Prescribed temperature degrees and contact

time should also be periodically controlled and temper-

ature level has to be controlled at the most distant place

from central heather. In some water treatment system hot

water is rinsed from distribution loop to the monitors,

allowing a simultaneous monitor disinfection. Ozone and

heat water may degrade or damage some plastic material
(Table 2) of the water system or monitor and attention has

to be reserved to the use of resistant materials.

QUALITY ASSURANCE PROGRAM

Most dialysis monitors include possibility of choosing

between isolate chemical or heat disinfection or to com-

bine both. A further option is to include monitors in the

daily disinfection of the water treatment system, as with

hot water. The different options are manufacturer vali-

dated but microbiological controls should be performed
to confirm efficacy of scheduled protocol disinfections.

Monitoring levels of bacteria and endotoxins helps to

demonstrate that the disinfection program is effective, not

to indicate when disinfection should be performed. Bac-

terial growing should be prevented to avoid biofouling

and microbial fractions passage to the patient through

dialyzer membrane. The institution of a quality assurance

program in dialysis units includes not only a generic def-
inition of periodical monitoring but also the creation of

a log sheet to register disinfection executions, obtained

results and actions performed for inadequate results.

Operators should be trained in the use of the equipment

and periodic audits should be performed to test compli-

ance with predefined protocols.
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