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Abstract

Background: The objective of this study was to investigate a case of a permanently (suprapubic])
catheterized woman with neurogenic bladder dysfunction. The patient had suffered from
recurrent catheter-associated urinary tract infections (CAUTIs) since 2009, despite several
prevention approaches and attempts. In 2013, the patient’s catheter was substituted for the BIP
Foley Catheter, coated with a noble metal alloy (NMA) of gold, silver, and palladium.

Method: This is a retrospective-prospective clinical case study covering 4 years history for

the control catheters and up to 2.5 years for the anti-infective BIP Foley Catheter. CAUTI
incidences, symptoms, antibiotics, catheter performance, and comfort were evaluated. Levels
of proinflammatory cytokines were measured pre- and post-substitution to BIP Foley Catheter
in urine of the case and of four other permanently catheterized patients. In addition, the

levels of noble metals were assessed in urine of the case subject during use of the BIP Foley
Catheter.

Results: While using control catheters, the patient experienced symptomatic CAUTIs requiring
antibiotics almost every month for 4 years. After 1 month with the BIP Foley Catheter, the
symptoms disappeared, and the patient remained free of symptomatic CAUTIs and antibiotic
treatment for the following 2.5 years, despite bacteriuria. The patient was satisfied with the
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resistant to at least one relevant antibiotic? and the
multiresistance is a global threat to human health.
Medical devices account for over 50% of all HAI
cases, and 75% of UTIs are associated with a uri-
nary catheter.3#*

A catheter-associated urinary tract infection
(CAUTT) is almost always preceded by bacteriuria,
which develops with a frequency of 3-6% per day
in catheterized patients.> Bacteriuria can be asymp-
tomatic and may persist as such for extended peri-
ods. Yet, in many cases bacteriuria eventually
results in local or systemic symptoms, such as
urgency, dysuria, abdominal pain, and fever.
Moreover, microbes from the urinary tract can
spread and cause sepsis, septic shock, and multi-
organ failure, as reported for 2%, 0.3%, and 1.7%
of cases, respectively, with hospital-acquired UTTs.°

As the risk of infection increases with duration of
catheterization, CAUTI is a large health burden
for patients with neurogenic bladder dysfunction
who use indwelling catheters chronically. These
patients suffer from potentially life-threatening
voiding dysfunction owing to a brain, spinal cord,
or other nerve condition, caused by, for example,
stroke, spinal cord injury (SCI), multiple sclero-
sis, or birth defects.” CAUTI remains one of the
most prevalent morbidities for these patients,
estimated to be 2.5 episodes/patient/year® and
often leads to hospitalization and reduced quality
of life. The effect of antibiotic treatments of
CAUTT is gradually declining owing to the rapid
development of resistant strains.10

To reduce the CAUTTI rate among patients with
neurogenic bladder dysfunction, different preven-
tive measures are available. One example is a sys-
tem in which the drainage from bladder to the
collection bag is closed, preventing microbes from
entering the urethra.!l:!2 Another measure is
suprapubic catheterization, which is selected for
long-term comfort and the association with a
lower incidence of bacteriuria, symptomatic
infections, and urethral injury and strictures.!3-15

Prophylactic antibiotic treatments have also been
implemented for patients with neurogenic blad-
der dysfunction, but have been shown ineffective
and associated with the development of resistant
strains of microbes.!6

Several urinary catheters have been specially
designed to reduce the risk of bacteriuria and
CAUTI. These include catheters coated with

antiseptic and antimicrobial compounds, such as
silver ions, antibiotics (nitrofurazone, no longer
on the market), and noble metal alloy (NMA).17-
19 The catheters coated with silver ions have been
proven antimicrobial iz virro,2° but to the best of
our knowledge, no clinical evidence for these
catheters exist.

In contrast, catheters with a NMA coating, that
is, BIP Foley Catheters (referred to as ‘BIP Foley’
throughout this case report) containing gold, sil-
ver, and palladium, have been studied extensively,
and demonstrate an anti-infective effect on
CAUTI for catheterizations of 3 days or more.2!-
26 The reduction of infection rates in these studies
is dependent on patient group characteristics,
hospital or region, catheterization duration, and
the CAUTI definition.

The clinical evidence of long-term use (more than
30 days) of these catheters is limited. This addi-
tional case report about a 65-70-year-old woman
with permanent catheter due to neurogenic blad-
der disorder is therefore of high value for under-
standing the long-term clinical and microbiological
effects of catheters.

In addition, the urinary levels of proinflammatory
markers interleukin (IL)-6, IL-8, and tumor necro-
sis factor alpha (TNFa) were analyzed, all involved
in systemic and local inflammation.?’” They have
multiple roles in the inflammation, such as recruit-
ment (IL-8) and activation (IL-6) of various
immune cells.?® Their increased levels are associ-
ated with the signs and symptoms of inflamma-
tion, such as fever (IL-6, IL-8, and TNFa«),%°
muscle contraction (IL-6),3° heat flashes, swelling,
redness (TNFa), and pain (TNFa and IL-6),28
lowering quality of life for the patient.

Some data for these markers in UTI already exist
and show that urinary IL-6 and IL-8 are elevated
during febrile UTI and decrease in response to
antibiotic therapy.2? This case report contributes to
the understanding of how these markers are affected
by the presence of urinary catheters and the NMA-
coating in permanently catheterized patients.

This case report includes a thorough clinical,
microbiological and immunological follow up of
the patient for a long period and can serve as a
baseline for other cases/clinical studies with simi-
lar patients. It also serves as clinical evidence for
the NMA-coating durability and nonreleasing
mechanism of action.
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Table 1. Interventions/attempts to reduce CAUTI.

Intervention

Effect

Prophylactic: Hiprex®!
Prophylactic: antibiotics®?
Increased intake of water™

Rinsing bladder with sodium chloride 9 mg/ml
daily. Mechanical cleaning.'®

A review of hygiene procedures’

Rinsing bladder with chlorhexidine (0.2 mg/ml)
twice a week for a month

Bladder instillation with Uro-Tainer Suby G and
dose escalation for Solution R twice a week in
order to acidify patient ratios in the bladder,
thereby reducing the bacterial burden

Change to silver releasing catheter (Dover Silver)
16, Nelaton 40 cm?0

Instillation of chondroitin sulphate 20 ml 1/week
as an intravesical GAG layer replenishment33

Cranberry juice®

Local estrogen, Vagifem 10 pg, 2 times/week32

No improvement
No improvement
No improvement

No improvement

No improvement

No improvement

Less smelly urine 2 days after instillation, less
urgency, and less leakage. Patient did however stop
treatment due to continued leakage through the
urethra and erythema as a reaction to the citric acid.

Some effect. Patient became free from CAUTI for

a short period. During this period, she had less
smelly urine, less urgency, and less leakage through
the urethra, but the symptoms reoccurred after
approximately 3 months.

No improvement

No improvement

No improvement

Subject and methods

Patients

The case patient was a woman who had a neuro-
genic bladder dysfunction due to subarachnoid
hemorrhage in 1994. Since 2006, she was perma-
nently catheterized with an indwelling catheter
via the suprapubic route. Soon thereafter, she
experienced frequent symptomatic CAUTI
requiring antibiotic treatment. She had no history
of previous bladder stones. During a long period,
a number of urotherapeutic interventions were
introduced as attempts to reduce the recurrent
CAUTTs (Table 1). Four additional SCI patients
were included for cytokine analyses (see under
“Cytokine assay™).

Material (Foley catheters]

Since 2009, the patient used Folycil, silicone,
14 or 16 Fr (Coloplast Ltd, UK), which during
2011 was changed to Dover Silver, 16 Fr

(Covidien, USA), a silicone catheter coated
with phosphate silver ion technology incorpo-
rated in a hydrogel coating. In April 2013, the
patient switched to the NMA (gold, silver, and
palladium) and hydrogel coated BIP Foley
Catheter (Bactiguard AB, Sweden). The patient
used one BIP Foley Catheter-Silicone 16 Fr,
and then BIP Foley Catheters made of latex, 16
Fr, because this catheter type is softer and more
comfortable.

Collected data

The data were collected in a retrospective—pro-
spective way. Historical/baseline clinical data
were obtained for the years 2009 up until early
2013, when the patient started to exchange cath-
eters at the urology department of the Central
Hospital, Karlstad, Sweden. Each monthly visit,
serving as an evaluation point, included catheter
exchange and microbiology testing, all according
to standard clinical praxis.
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The obtained parameters were CAUTI rate
(incidence/month), clinical catheter perfor-
mance and safety (adverse events). For the pro-
spective period with BIP Foley, noble metals in
urine were measured to determine the safety
margin for the patient and risk for creation of
selective pressure for microbial resistance. The
remaining noble metals at the surface were ana-
lyzed on used catheters removed after each 1
month period and compared with the metals on
unused catheters from the same production lot/
batch. The urine samples for inflammatory
marker analysis were collected monthly; once
before and 14 times after the switch to BIP
Foleys. All prospective clinical and microbio-
logical data were collected in a case report form
(paper CRF) by the patient’s urotherapist. The
retrospective baseline information was retrieved
from the patients’ medical records.

Definition of CAUTI

Signs and symptoms of CAUTI were based on
Swedish guidelines for UTIs (STRAMA; Drug
Therapeutic Committee and the Health and
Medical Care Administration of the Stockholm
County Council, Sweden), and modified for a
patient with neurogenic bladder disorders. Only
symptomatic CAUTI was recorded and was
defined as bacteriuria together with at least one
symptom (fever >38°C, malaise, fatigue, pyuria,
coloration of urine, smelly urine, pain in urinary
bladder, urine leakage, urgency, cloudy urine,
bacteremia) with no other recognized cause. As
pain in bladder, urine leakage, and urgency may
be caused by the neurogenic dysfunction, only
over-habitual levels of these symptoms were con-
sidered as related to CAUTTI.

Urine sample collection

Urine samples for microbiology were collected
some days before each planned catheter
exchange visit and during unplanned visits
owing to CAUTI symptoms of the patient.
Urine samples for inflammatory markers and
metal analysis were collected via the catheter
before the catheter change. The samples were
centrifuged for 15 min at 200g at room temper-
ature (RT) and the supernatants were then
stored at —20°C. As controls, urine samples
from 12 healthy anonymous individuals (25-60
years old, 1:1 ratio female and male) were col-
lected and analyzed.

Catheter collection

Catheters were collected after use during each
planned patient visit and analyzed for noble met-
als after ethylene oxide (ETO) sterilization.

Microbiological testing

Microbial analyses of urine were conducted at the
Clinical Microbiology laboratory at the Central
Hospital in Karlstad, according to clinical praxis.

Cytokine assays

Levels of IL-6, IL-8, and TNF-a were measured
in all urine samples using electro-chemilumines-
cence immunoassay plates from a Multi Array®
(MSD, Rockville MD, USA), using a sector
imaging S2400 instrument (MSD).

Cytokine results for the same cytokines (IL-6,
IL-8, and TNF-«) in urine of four permanently
catheterized patients from another study recently
performed at Rehab Station Stockholm (RSS) in
Sweden, have been added as supportive data for
the conclusion of this case study. Control catheters
from Biocath (Bard, Covington, GA, USA) or
Riisch (Teleflex Medical, Morrisville, NC, USA)
were used during baseline, and then switched to
BIP Foleys, used during two visits/catheter
exchanges covering approximately 4 months in
total (M1-M4). The urine samples were collected
and prepared as described above at baseline and at
the two visits after switch to BIP Foley. The
cytokine profiles were analyzed with Biochip Array
technology (Randox Biochip, Crumlin, UK).

Metal analysis

The levels of coating metals (i.e. gold, silver, and
palladium) present on catheters and in urine sam-
ples were analyzed by ALS Scandinavia, Lulea,
Sweden, using inductively coupled plasma sector
field mass spectrometry (ICP-SFMS) in accord-
ance with EN ISO 17294-1. ALS is accredited by
SWEDAC with an acknowledgement of compe-
tence, comparable with ISO 9000 certification in
the industry.

ALS Scandinavia method VK-038 was used to
analyze noble metals on the catheter surface.
Extraction of metals from a small piece was per-
formed in HNO,(sp), HF(sp) and H,0O,, heated
in a microwave, and stabilized with HCI before
dilution with milliQ water. The extraction
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Figure 1. Overall clinical outcome during the historical baseline (with uncoated and silver ion catheters) and
after introduction of noble metal alloy coated BIP Foley. (A] Schematic presentation of catheter-associated
urinary tract infection (CAUTI) incidence, antibiotic use, bacteriuria, and comfort parameters for the patient
and study nurse (softness and easiness of catheter exchange). (B) Average CAUTI/month and antibiotic
treatments/month for the period 2009-2015. (C) Average occurrence of different CAUTI symptoms/month for

the period 2009-2015.

solutions and urine samples were analyzed using
ICP-SFMS.

Statistical analysis

In the Karlstad case, statistical differences of lev-
els of inflammatory markers was calculated with
Mann-Whitney. Three initial visits month 0
(MO) to month 2 (M2) were excluded due to
antibiotic use, which strongly influences the level
of cytokines, because the interest of this study is
in evaluating the effect of a coated catheter and
not antibiotics. For confirmatory calculation of
the relative reduction of cytokines in the Rehab
study, Student’s r test (one-sided) was used.
Statistical significance is found if p < 0.05.

Permissions

Both the Karlstad case study and the Rehab study
were approved by the Central ethical committee
in Uppsala (Dnr: 2015/041) and in Stockholm
(Dnr: 2011/1838-31/1), respectively. Informed
consent was collected from all participants in
both studies.

Results
Clinical data historical baseline

During the historical baseline period, the patient
experienced frequent symptomatic CAUTIs

(0.5-1 CAUTIs/month), requiring antibiotics
(0.3—-1 antibiotic treatments/month); see Figure 1.

During the antibiotic treatments, the symptoms
temporarily disappeared but reoccurred as soon
as the treatment was completed. Attempts to
reduce CAUTIs were made by introducing vari-
ous interventions and prophylactic antibiotic
therapy (Table 1), most often without any benefi-
cial effects for the patient. The introduction of
Urotainer and the silver-ion-releasing catheter
were the only interventions that lead to a reduc-
tion of the CAUTI symptoms (Table 1). However,
the Urotainer treatment was stopped owing to
side effects and the silver-releasing catheter was
only effective temporarily.

The symptoms of neurogenic tense bladder, for
example, discomfort due to hardness of the cath-
eter (experienced as some pain) and painful cath-
eter exchanges worsened during the CAUTI
episodes when the pain and smooth muscle tonus/
contractions further increased in the bladder.

Clinical data after switch to BIP Foley catheter

The patient was free of both symptomatic
CAUTTs and antibiotic treatments from the sec-
ond month with BIP Foley and through the
entire period of 2.5 years (Figure 1) of use.
Moreover, the patient was satisfied with the
comfort and softness of the product, and both
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Figure 2. Microbial etiology of infections and bacteriuria (black fields = detected microbes and crossed fields
= no data). No correlations between any specific species and febrile catheter-associated urinary tract infection
(CAUTI) were found, but P. aeruginosa and E. faecalis were not detected in the later phase of the study, when
the patient had been free from infection for approximately half a year.

the urotherapist and the patient were pleased
with the ease of catheter insertion and removal.
No catheter malfunctions and no adverse events
were observed during the study period of 2.5
years using BIP Foley.

Microbiology

The microbiology data were obtained monthly
(except for 2 months marked with crosses in
Figure 2) during both the historical baseline
(from 2011) and after switch to BIP Foley (from
2013). No correlation between febrile CAUTI
and any bacterial specific specie(s) was found.
Pseudomonas aeruginosa and Enterococcus faecalis
were frequently detected in urine at baseline and
occasionally during the first 5 months after switch
to BIP Foley but not after that (Figure 2).
Escherichia coli and Enterococcus spp. were the most
dominant at the end of the evaluation period.

Inflammatory markers

Levels of cytokines were assessed in urine to
monitor inflammatory processes in the urinary
tract. Urine samples were collected monthly dur-
ing the study period, 1 month prior and 14
months after exchange to BIP Foley M0-M14),
in which the levels of proinflammatory cytokines
IL-6, IL-8, and TNFa were measured. Box plots

in Figure 3 demonstrate medians and distribu-
tions of the subperiods MO-M2 (antibiotic
phase), M3-M8 (early phase), and M9-M14
(late phase). M0-M2 was grouped separately
because antibiotic treatment is known to reduce
the cytokine levels.27

The result was very similar for all three cytokines
tested (Figure 3); the levels were low during the
first 3 months (M0-M2) owing to antibiotics,
increased during the following 6 months (M3—
MBS, early phase) indicating ongoing inflamma-
tory processes post-infection period, and
decreased during the late phase (M9-M14) com-
ing closer to normal levels. IL-6 was lowered by
62% (statistically significant, p = 0.01), IL-8 by
56% (p = 0.1) and TNFa by 56% (p = 0.1).

Supportive cytokine data from the Rehab study

Supportive data, demonstrating declining
inflammatory marker levels after switch to BIP
Foley, was registered in a study with four
patients at Rehab Station in Stockholm. More
details of the study design can be found in the
method section, under inflammatory markers.
No patients in this study suffered from sympto-
matic CAUTT or were treated with antibiotics,
but all of them had asymptomatic bacteriuria
during the whole study period. The levels of the
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Figure 3. Levels of proinflammatory cytokines. Box plots of cytokine levels in urine TNFa (A), IL-8 (B), and
IL-6 (C) showing median, the first/third quartiles and outliers (*). The bars to the left (M0-M2, antibiotic phase)
are distinguished with a gray background, because the patient was treated with antibiotics during this period.
To illustrate the time effects of the use of BIP Foley on the inflammatory processes, the remaining antibiotic-
free study period (M3-M14) was split into two equally long periods: early phase M3-M8 (n = 6] and late phase
M9-M14 (n = 6), respectively. As reference values, healthy controls were included as a fourth category (n =
12]). Median values are for early phase versus late phase: TNFa, 0.18 versus 0.08 pg/ml (A); IL-8, 162 versus

71 pg/ml (BJ; and IL-6, 1.3 versus 0.5 pg/ml (C]. p values: M3-M8 versus M9-M14, 0.1 (A}, 0.1 (B], and 0.01 (C);
M3-M4 versus HC, 0.02 (A), 0.006 (B), and 0.0009 (C); M3-M4 versus HC, 0.3 (A}, 0.04 (B), and 0.0009 (C).

inflammatory markers in this study are pre-
sented relative to the baseline level from initia-
tion visit (Figure 4).

The levels of all cytokines (IL-6, IL-8, and
TNFa) decreased after switch to BIP Foley in a
similar way as presented in Figure 3, that is,

already after 2 months (M1-M2, early phase of
this study) and continued to decrease after an
additional 2 months (M3-M4, late phase of this
study). The reduction towards baseline after 4
months was approximately 50% (p = 0.004) for
TNFa, 60% (p = 0.03) for IL-8, and 70%
(p = 0.04) for IL-6.
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Figure 4. Supporting data: relative levels of proinflammatory cytokines in urine of patients in the Rehab study.
Box plots of the cytokines TNFa (A), IL-8 (B), and IL-6 (C) showing median, and the first/third quartile. TNFa
was significantly reduced already after 2 months of BIP Foley use (early phase of this study, M1-M2), whereas
the decrease of IL-6 and IL-8 were significant after approximately 4 months (late phase, M3-M4] of BIP Foley
use. Median values relative to baseline are after 2 and 4 months: TNFa, 0.7 and 0.5 (A); IL-8, 1.0 and 0.4 (B);
IL-6, 0.8 and 0.3 (C), respectively. All statistically significant p values (<0.05) are shown in the figure.

Coating/noble metal data
To assess noble metal durability of the BIP Foley
coating after 1 month of use, metal levels of
used and unused catheters were analyzed and

compared. In total, four used and four unused
catheters of the same batches were analyzed. In
Figure 5(A), the mean [ug/cm?; standard error of
mean (SEM) as bars] of remaining metals, gold,
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Figure 5. Metal content of unused and clinically used
BIP Foley Catheters (A) and metal levels in urine
samples (B]. (A) Metal levels of four unused and four
used catheters: silver, mean of 1.7 pg/cm? (for both
unused and used), palladium, mean of 0.6 pg/cm? (for
both unused and used); and gold, mean of 0.05 ug/
cm? (unused) versus 0.035 pug/cm? (used), p = 0.06.
(B) Metal levels in 14 urine samples, collected during
BIP Foley use. No samples contained detectable
levels of palladium, three and one samples contained
very low levels of silver and gold, respectively.
Detection levels (silver 0.05 pg/L, palladium 0.05 pg/L,
and gold 0.1 pg/U).

silver, and palladium are presented. No differ-
ences of any of the metal levels, between used and
unused catheters, were found.

The level of silver on the silver ion catheter that
was used prior to BIP Foley was also assessed
with ICP-SFMS (z = 3). The results revealed a
mean of 5.9 ug/cm? silver (SEM = 0.72), which is
significantly higher than wunused BIP Foley
Catheters (mean of 1.7 pg/cm?, p = 0.011).

Urine samples collected at each visit for 14
months (M1-M14, main part of the study), were
analyzed for metal levels (Figure 5(B)). Silver was
detected only in three urine samples (M2, M3,
and M10), at very low levels of 0.06-0.2 ug/l.
Palladium was not detected in any of the analyzed
samples, and gold was only detected in one sam-
ple (M5), also at a very low level (0.11 pg/l).

Discussion

Clinical data

The case of a female patient with permanent
suprapubic catheter has been presented in this
report. The patient had used indwelling catheters
for several years and suffered from recurrent symp-
tomatic CAUTIs, requiring frequent antibiotic
treatments. Her infections became increasingly
difficult to treat with time as the pathogenic micro-
bial strains developed resistance. The patient
tested BIP Foley and already after 1 month she
became free from these symptomatic infections
and thereby the antibiotic treatments during the
entire follow-up period of more than 2 years. In
addition to becoming free from CAUTI, the
patient was also pleased with the softness and the
exchange comfort of the catheter and her quality of
life was greatly improved.

The results support the notion that the NMA
coating on BIP Foleys may prevent new infec-
tions from occurring, and thereby improve the
condition and quality of life for catheterized
patients with recurring infections in the urinary
tract. This is further supported by two previous
studies, by Chung er al.?2?2 and Estores ez al.,?>
evaluating the effect of NMA-coated catheters in
long-term catheterized patients.?2:35 The anti-
infective effect of this catheter type was found to
be significant in both those studies. The study by
Estores er al.3’ is also a case report of a neurogenic
bladder dysfunction patient who became free
from recurrent CAUTTI after switch to the cathe-
ter with the NMA.

Microbiological data

Even if the symptomatic infections in the patient
disappeared after the switch to BIP Foley, the
bacteriuria remained. This is expected since the
bacteria (especially E. coli) may not only colonize
the catheter, but also the bladder lining,3® which
may not be affected by the anti-infective material
on the catheter.
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Possibly, the NMA coating reduced the microbial
colonization on the catheter surface or modified
the microbial etiology of the bacteria causing the
bacteriuria and infections, which is crucial for the
involvement of the immune system and thereby
type and severity of symptoms. We found in this
case study that P. aeruginosa was frequently
detected during baseline and occasionally during
the first months with BIP Foley, but not during
the following 7 months of the study. E. faecalis,
also frequent during baseline, was replaced by
Enterococcus spp. in general. These findings are
similar to the previous case study,>® where the
bacteria (P. aeruginosa and E. faecalis) were iso-
lated from the patient’s urine during baseline, but
not at the end of the study, after using NMA-
coated catheter for approximately half a year. P.
aeruginosa is a Gram-negative bacterium, which
often has natural resistance to antibiotics and is
associated with serious illness, especially in
immune compromised patients. It is capable of
extensive colonization and produces biofilms and
toxins. E. faecalis is a Gram-positive bacterium,
which can cause life-threatening nosocomial infec-
tions, and where its naturally high levels of antibi-
otic resistance contribute to high pathogenicity.3”
These properties support the suggestion that these
bacteria could be the causative agents of the symp-
tomatic CAUTTIs occurring during baseline.

E. coli, isolated during the whole evaluation period,
is a Gram negative bacterium, most often harm-
less, but some strains may be uropathogenic. E.
coli can benefit its host by colonizing the bladder
and preventing pathogenic bacteria from doing so.
The E. coli strain present at the end of this study
was probably not pathogenic since it was not caus-
ing symptomatic CAUTIs. Interestingly, similar
result was also found in the study by Estores
et al.,>> where this species was the only detected
one at the end of the study when the patient was
free from infection and used NMA-coated cathe-
ters. Certain strains of E. coli have even been devel-
oped as treatment of symptomatic UTTs.38

Inflammatory markers

All tested proinflammatory markers (IL-6, IL-8,
and TNF«a) showed a similar increased trend
after the antibiotic phase (M0-M2) and decreas-
ing trend between the early (M3-MS8) and late
phase (M9-M14) with NMA-coated catheter.

When the subject was treated with antibiotics,
the cytokine levels were suppressed. This is

expected, since downregulation of cytokines is a
known effect of antibiotics.?” The levels of all
cytokines during the early phase, the first antibi-
otic-free 6-month period after switch to BIP
Foley, were significantly higher than the levels
in urine of healthy, noncatheterized subjects.
This finding indicates that the patient, despite
being free from symptoms, still had some ongo-
ing inflammation in the urinary bladder, that
may be sustained by, for example, abundant
growth of bacteria3® or by remaining tissue
stress/irritation, epithelial regeneration, tissue
healing, and cell death,?® that may have been
caused by the previous infections. This remain-
ing inflammation is hypothesized to be reduced
by the long-term use of BIP Foley.

The levels of all inflammatory markers were
reduced towards normal levels in the late phase of
the study (M9-M14). By then, the patient had
been free from infection for 8—12 months. In line
with these data, a significant reduction of
cytokines in the latter phase of the Rehab study
(after approximately 4 months, M3-M4) was also
observed. This faster decrease is possible because
these patients were not suffering from sympto-
matic CAUTTIs.

Taken together, these results suggest that not
only infections, but also inflammation decrease
with time when using NMA-coated catheter. This
emphasizes the importance of studying the long-
term effects of the NMA-coating on infection,
inflammation, and the immune system. It also
highlights that it may take some time for patients
to experience improvement regarding some
symptoms after introduction of such a catheter.

Coating metals: minimal/no toxic release and

no selective pressure for microbial resistance

The coating metals gold, silver, and palladium
were not released in detectable amounts from the
catheter surface to the patient’s urine in the
majority of tested samples. In three urine samples
silver was detected at extremely low levels of
0.06-0.2 pg/l. These levels were compared with
the permitted daily exposure (PDE) limit for
chronic use of silver in drugs.® The established
PDE for silver is 10 pg/day. Assuming a normal
urine production of 2 l/day, the maximum con-
centration would be 10 pg/day divided by 2 l/day
= 5 ug/l. The maximum value in sample M2 was
0.2 pug/l, which corresponds to 4% (0.2 ng/l
divided by 5 pg/l) of the PDE.
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This silver concentration also corresponds to
0.003% of the lowest minimal inhibition concen-
tration (MIC), which is 8-32 mg/l among the
Enterobacteriaceae family*!>4? and to 0.1% of the
minimum selective concentration (MSC; i.e. 250
ug/D4 (personal communication, Professor Dan
Andersson and Lisa Albrecht, MD, Department
of Medical Biochemistry and Microbiology,
Uppsala University, Sweden) for creating silver
resistance in microbial species. Hence, NMA-
coated Foleys are safe for the patient from a silver
exposure perspective and create no selection pres-
sure for microbial resistance.

Palladium was not detected in any of the urine
samples, and gold was detected in only one sam-
ple (M5), also at very low levels (0.1 pg/l), corre-
sponding to 0.2% of the PDE limit for chronic
use?0 (calculated as for silver and using the PDE
of gold, which is 100 ug/day).

Hence, NMA-coated catheters are also safe for
the patient from the palladium and gold exposure
perspectives.

Durability of the coating on the catheters

In addition to the low levels of coating metals in
urine, our findings reveal the same levels of coat-
ing metals on the used catheters compared with
unused catheters. The findings confirm the con-
clusion from the clinical urine analysis: a stable
coating for at least 1 month of use, the nonreleas-
ing mechanism of action of the Bactiguard coat-
ing, and long-term durability of its action.

The coating durability entails also that it is envi-
ronmentally friendly, because no metals will end
up in the sewer with the patient’s urine. Further,
when the catheters are disposed as waste which is
burned, the miniscule amounts of metals will end
up in ash which is deposited in closed systems
and will not reach the storm water.444>

Conclusion

In conclusion, we have demonstrated a case
where a permanently (suprapubic) catheterized
female patient presenting with recurring CAUTI
was successfully treated by the substitution of her
traditional type catheter for a BIP Foley Catheter
with a NMA coating. The result was cessation of
CAUTI symptoms for more than 2 years, better
comfort, and less pain during catheter exchanges.

In addition to the clinically beneficial effects on
her symptomatic infections, it was found that the
NMA coating suppressed inflammatory markers
in urine, indicating a gradual and parallel recovery
from inflammation. Finally, our results show that
the NMA is safe from a patient perspective in
regard to exposure to coating metals, even in the
case of chronic use. In addition, it does not create
any selective pressure for microbial resistance or
environmental risks.

This combination of outcomes led to an overall
improvement in the quality of life for this patient.
Our study suggests that long-term use of NMA-
coated catheters, for example, BIP Foley
Catheters, may prevent new CAUTTI events from
developing and indicates that usage can safely
improve the condition of patients already suffer-
ing from recurrent CAUTTs.
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