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Abstract The aim of this research was to examine
whether a daily instillation of tetra sodium ethylenedi-
aminetetraacetic acid (EDTA) solution could reduce the
rate at which encrustation by crystalline Proteus mirabilis
bioWlms blocks urinary catheters. Sets of three bladder
models were Wtted with size 14 all-silicone catheters. Tetra
sodium EDTA solution was instilled into the catheter fol-
lowing bioWlm development. Catheters were examined by
digital photography and scanning electron microscopy for
evidence of encrustation. The results showed that the mean
time to blockage of the control catheters was 45 h for
saline, 57 h for water and 67 h for those exposed to daily
instillations of the EDTA solution. Statistical analysis con-
Wrmed that the mean encrustation rate on the EDTA-treated
catheters was signiWcantly lower than on the control-treated
devices (P = 0.047). This in vitro study indicates that
EDTA may have beneWcial eVects in reducing the compli-
cation of catheter encrustation and blockage by crystalline
bioWlms.
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Introduction

Patients who undergo long-term bladder catheterisation are
prone to encrustation of their catheters [1, 2] caused by ure-
ase-producing bacteria, particularly Proteus mirabilis and
other urease-producing bacteria such as Providencia spp.
and Morganella spp. [3–5]. Within an attached state,
Pr. mirabilis has been shown to produce the enzyme urease
which hydrolyses urea to ammonia and carbon dioxide [6].
Elevated levels of both ammonia and carbon dioxide lead to
an alkaline pH in urine and the catheter bioWlm. Under
alkaline conditions, magnesium and calcium phosphate
crystals (struvite and apatite) are formed resulting in the
formation of a crystalline bioWlm. This crystalline structure
material builds up in the catheter and eventually occludes
the catheter eyehole or drainage lumen preventing the Xow
of urine from the bladder. This blockage is known to lead to
serious consequences for patients’ health and welfare [1, 7].
Presently, there are no procedures that are proving very
eVective in controlling this problem. Consequently, as ure-
ase-producing bacteria are prevalent in urine all catheters
are considered susceptible to bioWlms and encrustation
problem [8].

Conceptually, the simplest way to prevent the bioWlm
formation by urease-producing bacteria within a urinary
catheter is to impregnate catheters with a broad spectrum
antimicrobial agent. Therefore, planktonic bacteria could
be attacked before they colonise the catheter surface and
develop into a bioWlm [9]. However, diYculties do arise in
delivering eVective concentrations of antimicrobial agents
from catheters for prolonged periods. Therefore, the useful-
ness of antimicrobial catheters in patients undergoing long-
term bladder management is limited. In view of the impor-
tance of Pr. mirabilis in the process of encrustation and
blockage of urinary catheters, we decided to develop a
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strategy that speciWcally targeted Pr. mirabilis utilising the
‘anti-bioWlm’, permeation and chelating properties of tetra
sodium ethylenediaminetetraacetic acid (EDTA). Tetra
sodium EDTA has a very important role to play as an ‘anti-
bioWlm’ agent and therefore may have important implica-
tions for use in controlling bioWlms in catheters [10–13].

The objective of the investigation was to examine
whether the daily instillation of tetra sodium EDTA solu-
tion reduced the rate at which encrustation by crystalline
Pr. mirabilis bioWlms blocks urinary catheters.

Methods

The in vitro catheter model system

The laboratory model of the catheterised model used in this
paper and the details of the artiWcial urine supplied to the
model have been described in the literature [14]. In essence,
the model consisted of a glass chamber (the bladder) main-
tained at 37°C by a water jacket. Each model was sterilised
by autoclaving and then a size 14 all-silicone catheter
(BARD Ltd., Crawley, United Kingdom) was inserted into
the bladder chamber through a section of silicone tubing
(the urethra) at the base of the model. Catheters were then
secured in place at the outlet of the bladder by inXation of
their balloons with 10 ml of sterile deionised water. Cathe-
ters were subsequently connected to drainage bags in the
normal way. Sterile urine was pumped into the chambers so
that residual volumes collect below the catheter eyeholes
before Xowing through the drainage tube to the collection
bags.

Preparation of EDTA

Eighty milligrams/millilitre of tetra sodium EDTA, batch
number 600083, was manufactured at Randy’s compound-
ing pharmacy, Port Orchard, WA and stored at room tem-
perature until required.

Experimental protocol

Sets of three catheter models were Wtted with size 14 all-sil-
icone catheters (BARD Ltd.). Urine at a 1 in 2 dilution of
the normal concentration was pumped into the bladder
chambers to the level of the catheter eyeholes. 10 ml vol-
umes of urine were then removed and replaced by 10 ml of
a 4-h urine culture (approximate inoculum size was 108 cfu/
ml) of a test strain of Pr. mirabilis (NSM 6). This organism
had been isolated from a patient’s encrusted catheter and
was known to induce rapid crystalline bioWlm formation.
The models were supplied with artiWcial urine at 1.0 ml/
min after a 1-h period to allow the bacteria to establish

themselves in the bladder. In each experiment, model 1
(control) was allowed to run until the catheter blocked with
crystalline bioWlm. Model 2 ran for 18 h and then the cathe-
ter was clamped near to the drainage tube junction to pre-
vent the Xow of urine from the bladder. The tetra sodium
EDTA solution (approximately 6 ml) was instilled into
the catheter up to the level of the eyehole. After 30 min, the
clamp was removed, the EDTA solution drained from the
catheter and normal drainage of urine from the bladder
resumed. These instillations were repeated at 24 h intervals
and the models were allowed to run for up to 4 days or until
the catheters blocked. Model 3 was operated as per model 2
except that the periodic catheter instillation was performed
with distilled water as a further control. In each case, the
time to catheter blockage was noted. The catheter was
removed from the model and the extent of encrustation was
measured by chemical analysis to determine the amounts of

Table 1 Time (h) to blockage of catheters (n = 5) in Proteus mirabilis
infected bladder models

SD standard deviation
a Two of the catheters did not block over the experimental study period

Experimental 
regime

Control Water 
instillation

EDTA 
instillation

Mean time to 
blockage § SD

45.06 § 18.75 57.02 § 14.21 67.0 § 24.57a

Table 2 Encrustation rates (total calcium + magnesium in �g/cathe-
ter/h) on catheters (n = 5)

SD standard deviation

Experimental 
condition

Encrustation 
rate

Mean encrustation 
rate § SD

EDTA instillation

Replicate 1 219.38 358 § 216

Replicate 2 213.06

Replicate 3 734.39

Replicate 4 303.16

Replicate 5 317.89

Water instillation

Replicate 1 349.96 750 § 356

Replicate 2 461.01

Replicate 3 1,079.04

Replicate 4 715.71

Replicate 5 1,142.49

Control

Replicate 1 562.38 943 § 851

Replicate 2 436.19

Replicate 3 870.07

Replicate 4 2,430.53

Replicate 5 417.54
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calcium and magnesium in the material deposited on the
catheters. In two of the experiments, the catheters were also
examined by digital photography for evidence of encrusta-
tion. Each experiment was performed Wve times (n = 5).

Determination of encrustation rates

On removal from the models, each catheter was cut into
1 cm sections and placed in 100 ml of nitric acid (7%).
These were subjected to gentle sonication for 5 min at
35 kHz to break up the crystalline material and facilitate
dissolution. The resulting solutions were then assayed for
calcium and magnesium by atomic adsorption spectros-
copy. The total amount of calcium and magnesium recov-
ered from each catheter was calculated (�m/catheter) and
the rate of encrustation per hour was determined by divid-
ing these values by the time each catheter took to block.

Visualisation of encrustation

At blockage, the extent of encrustation on the catheters was
recorded by taking digital photographs of catheter sections.

Catheters were removed from the models and sections
(1 cm in length) were cut from each catheter. Section A was
the eyehole area. Sections B and C were lumenal sections
taken from directly beneath the eyehole and from beneath
the catheter balloon, respectively.

Scanning electron microscopy (SEM)

Catheters were removed from the models at the end of the
experimental periods. Two sections (1 cm in length) were
cut from each catheter, one included the eyehole, the sec-
ond from immediately below the eyehole. These sections
were viewed directly in a JEOL 5200 SEM (Jeol Ltd.,
Tokyo, Japan) using the low vacuum setting.

Statistical analysis

The Kruskal–Wallis test was used to compare the mean
encrustation rates. The statistical software programme Mini-
tab® release 14 (Minitab Inc., PA, USA) was employed to
perform these tests. When reporting the mean of the data, the
standard deviation (§SD) of the mean was also indicated.

Fig. 1 A representative exam-
ple of digital images of cross-
sections of catheters that were 
removed from Proteus mirabilis 
infected bladder models at the 
time of catheter blockage 
(shown at the base of each col-
umn) or at 93 h (experiment end, 
catheter still draining). a is the 
eyehole section, b the Wrst lume-
nal section below the eyehole 
and c the luminal section directly 
below the catheter balloon
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Results

Table 1 shows that the mean time to blockage of the control
catheters was 45 h, compared to 57 h for the catheters receiv-
ing daily instillations of water and 67 h for those exposed to
daily instillations of the EDTA solution. It is important to note
that the mean values for the catheters exposed to the EDTA
instillations were an underestimate of the research Wndings.
This was because in two of the experiments all catheters
drained for the full 4-day experimental period. Consequently,
the main conclusion drawn from these data is that the eVect of
the EDTA instillations was variable and the factors known to
induce this are presently unknown but could relate to the low
levels of EDTA used, i.e. 80 mg/ml. It is possible that higher
concentrations of EDTA may have the ability to enhance the
overall reduction in encrustation in catheters.

From Table 2, it is shown that the mean rate of encrustation
on the control catheters was 943 �g Ca and Mg/catheter/h.

The equivalent values for the catheters exposed to instilla-
tions of water or EDTA solutions were 750 and 357 �g
Ca + Mg/catheter/h, respectively. These data suggest that
the EDTA in particular caused dissolution of the calcium
and magnesium salts that were deposited on the catheters.
Using the non-parametric Kruskal–Wallis test, there was no
signiWcant diVerence between the mean encrustation rates on
the control- and water-treated catheters (P = 0.917). The
mean rate of encrustation on the EDTA-treated catheters
was signiWcantly lower than that on both the control- and
water-treated catheters (P = 0.047).

The images presented in Figs. 1 and 2 show the blockage
of the eyeholes and luminal sections of the catheters by crys-
talline material. In Fig. 1, it seems that encrustation due to
Pr. mirabilis blocked both the eyehole and central lumen of
the control catheter. The lumen of the catheter exposed to the
EDTA, however, appeared to be only partially blocked and it
was the eyelet that seemed to be occluded. The catheter

Fig. 2 Representative SEMs of 
catheter sections at 24 h. a Eye-
hole section, b Wrst catheter 
luminal section below eyehole, 
and c Wrst luminal section below 
catheter balloon
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exposed to tetra sodium EDTA is shown in Fig. 2. This cath-
eter was shown to continue to drain for the full 4-day experi-
mental period. This clearly demonstrates the eVectiveness of
EDTA on reducing encrustation of the catheter.

Discussion

A technique to eVectively control the blockage of catheters
by crystalline Pr. mirabilis bioWlm is considered to be sig-
niWcant for the care of patients undergoing long-term blad-
der catheterisation [15–17]. Presently, no technique or
chemical has been shown to prevent the blockage of a uri-
nary catheter despite a number of studies that have been
undertaken in this area [18–23].

Within this study, a chemically deWned artiWcial urine
was supplied to the models to ensure standardization of the
experimental tests. It has previously been shown that phos-
phates start to crystallize from this urine when the pH rises
to 6.9 and that when it is supplied at 1.0 ml/min to the mod-
els, all-silicone catheters block at mean times of around
49 h [24]. These experimental conditions are thus intended
to produce a high rate of crystalline bioWlm formation that
will block catheters more rapidly than would normally hap-
pen in most patients. The results presented in this paper
demonstrated that daily instillations of tetra sodium EDTA
extended the life-span of catheters. It is important to note
that the mean values for the catheters exposed to the EDTA
instillations were an underestimate of the overall research
Wndings. This was because in a number of experiments all
catheters drained for the full 4-day experimental period.

SEMs illustrated the extensive encrustation of their eye-
holes and central channels when control or water instillations
were used. In contrast, the test catheter using tetra sodium
EDTA was often clear of crystalline bioWlm after 48 h. This
has very important implications in the control of encrustation.

In conclusion, the encouraging results from this in vitro
investigation should support the need for an examination of
the eYcacy of this strategy in patients undergoing long-
term catheterisation who are prone to recurrent complica-
tions of catheter encrustation and blockage.
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