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Introduction

Catheter Related Blood Stream Infections
(CRBSI) are a well known and increasingly
disturbing problem in hospitals, especially in
Intensive Care Units (ICUs) and other units
utilizing catheters and their accessories for
patient care.

Different measures are being taken in order
to combat this problem, including
incorporation of antiseptic, antibiotic and
antimicrobial agents into catheters.
Reducing the chance of microbial
colonization and proliferation on
stopcocks, a valve assembled into a
catheter set, can contribute to reducing

the rates of catheter colonization.

Elcam Medical the premier provider of
stopcocks to the US and European OEM
markets, has currently designed tBeStop
Stopcock an Anti-Microbial Stopcock
(STP) containingsilver, a well known
antibacterial agent, with the purpose of
preventing/reducing CRBSI rates.

Elcam Medical’'s Antimicrobial Stopcock
looks and functions exactly like

Elcam’s existing range of Stopcocks (STPs),
with the addition of the incorporated
AntiMicrobial Agent,containing the active
ingredient Silver, in the form of silver ions
(Ag+).

Silveris a toxic substance to mono-cell
organisms. However its toxicity to man and
multi-cell animals is minimal because of the
ease in which it forms harmless insoluble
compounds with anions, sulfhydryl groups
and other biological materials.

In order to prove theafety of the B-Stop

STP for human usage, Elcam Medical
conducted a large number of tests preformed
by different well-established laboratories and
the test results show that the B-Stop STP is
safe for its intended use. No evidence of
toxicity or adverse findings were detected in
any of the in-vitro and hvivo biological

tests performed on the device,.

In order to establish tmeicrobiologic

efficacy of the B-Stop STRPElcam Medical
conducted several tests, in which the B-Stop
STP was challenged with different kinds of
bacteria and yeasts that are the most
common microorganisms associated with
catheter-related infections. The tests prove
that the B-Stop STP has a significant
antimicrobial effect against these organisms.
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Pathogenesis

The management of critically ill patients,
often hospitalized in intensive care units
(ICU), essentially involves the use of Central
Venous Catheters (CVCs) for the
administration of intravenous (1V) fluids,
medications, blood products and parenteral
nutrition. They also enable monitoring of the
hemodynamic status of severe patients and
blood sampling. CVC sets include one or
more (six in average) stopcocks (STPs).
These are valves serving as ports of entry
into the circulatory system of the patient and
are used for different interventians

CVCs, although indispensable in the critical
care setup, pose risks of serious
complications, of which the most common
are infectiong1-4). Infections can be

localized along the insertion-site of the
catheter tunnel, spread systemically as they
disperse into the bloodstream or metastasize
to distant body sites and seed infection in
specific organgs). According to The
American Center for Disease Control and
Prevention (CDC), more than 80,000
catheter-related bloodstream infections are
reported each year from American ICUs
alone (a total of 250,000 cases per year)
CRBSI are associated with mortality rates of
10% to 20%, increased morbidity, prolonged
hospitalization and increased medical care
costs-$3700-$29,000 attributed cost per
infection (s, 6).

The pathogenesis of catheter-related
infections is complex and multifactored.

Two important mechanisms have

been demonstrated to be involved

1. Insertion site-related: skin
microorganisms at the insertion site of the
catheter migrate along the catheter tract and
colonize the catheter and inner tissues,
rendering development of local infection

8).

2. Catheter hub-related: the hub of the
catheter is the part to which tubes or syringes

are connected, usually through a stopcock,
for administration of fluids or medications
and for monitoring.

Contamination of the hub by frequent
manipulations may result in intraluminal
colonization of the catheten®;12) with
possible infectious complications.

The relative importance of the two
mechanisms of catheter

contamination depends on several

factors and is subject to continuing
debatge). 3 different groups

(Salzman, Linares and Cicco) that

studied microbial colonization of

catheters found the hub to be the most
common source of catheter infection

and bacteremia (54%,70% and 45%
respectively)9,12,13).

The Stopcock (STP)s a valve assembled
into a catheter set (sometimes including
several units in the same set) and used
during diverse interventions for the
administration of different medical fluids,
feeding and blood sampling.

Due to the design of the stopcock, there is a
‘dead space’ at the junction between syringe
entry and the flow of fluids. This space
cannot be efficiently cleared of all the fluid
remnants passing through it despite standard
flushing procedures, resulting in an
accumulation of residue debris. During the
period in which a catheter is constantly
present in a blood vessel, this accumulation
inside the STP encourages bacterial
colonizing in the ‘dead space’ area triggering
CRBSI(14). Recurrent manipulations expose
the stopcock to increased contamination,
making it a major source of nosocomial
infections(15). A CDC report from 2002
declared that stopcock contamination is
common, occurring in 45%-50% of CRBSI
casess).

Reducing the chance of microbial
colonization on stopcocks can contribute

to reducing the rates of catheter
colonization.
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History and Antimicrobial benefits of

Silver

Silver (Ag+) is a well known antibacterial
agent with long lasting effects. It is
employed as a pharmaceutical agent in a
variety of applications from prophylactic
treatment of eye infections in newborns to
treatment of potable water. Its common
medical forms, silver nitrate and silver
sulfadiazine, are used for treating topical
wounds, especially in burn management. It is
biocompatible and corrosion resistant, and
bacteria do not develop immunity to it.
Today, silver is applied in a wide range of
medical devices, such as catheters, vascular
grafts and other implantable devices with the
purpose of reducing infection rat@s)

Silver is known to have a wide antimicrobial
effect on both Gram-positive and
Gram-negative bacteria, as well as yeast.
Examples includeEnterococcus faecalis,
Staphylococcus epidermidis, Staphylococcus
aureus, Staphylococcus aureus- Methicillin
Resistant, Pseudomonas aeruginosa, E. coli
and Candida albicang7)

Medical devices containing Silver ions as an
antibacterial agent include the FDA
clearance for Arrow G+ard blue® and

Arrow G+ard blue plus® catheters - with
chlorhexidine silver sulfadiazides) and
Edward's Vantex® CVC with Oligon -

Silver Platinum Carbori7).

The B-Stop STP

Elcam Medical is a world-class producer of
medical equipment in the area of disposable
flow control devices. The company has been
manufacturing various stopcocks for the
medical market during the past 25 years in
full compliance with FDA CFR 21 820
Quality System Regulations, 1ISO 9001:2000
and ISO 13485:2003.

Elcam holds marketing approvals from the
Israeli Ministry of Health, as well as from
the US FDA and The European MDD
(Medical Devices Directive) - Annex Il
Section 3 of the Council Directive
93/42/EEC.

In light of the pronounced risks associated
with hospital-acquired infections in patients
who need therapy using stopcocks, the
company has currently designed an
AntiMicrobial Stopcock, th&-Stop STP
with the purpose of reducing device-related
contamination and thus CRBSI rates in
patients, especially those treated in the
intensive care, oncology and dialysis units,
who comprise more than 50% of the total
STP users.

The Silver-based antimicrobial agent
incorporated into Elcam Medical's B-Stop
STP was purchased from a well known
company in the antimicrobial field. It has
been pre-clinically tested and proven to be
safe, and was granted US toxic substances
control act (TSCA) approval. This
antimicrobial agent delivers its action by an
ion exchange mechanism that slowly
releases silver ions in the presence of
humidity or fluids. The Antimicrobial STP
material slowly releases silver ions via an
ion-exchange mechanism. Monovalent
cations (N4, K*, H") present in the
surrounding agueous environment or
released from nearby microbes enter the
polymer and displace the silver ions. The
release of silver ions from the surface is
slow, but just fast enough to maintain an
effective concentration at and near the
surface of the substrate. The silver ions
interact with the bonding sites on the
microbial surface preventing the bacteria
from reproducing. This slow, regulated
release provides a long-lasting effect in
reducing bacterial colonizatiamo).
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Figurel. Release of free silver ions (Ayom the
antimicrobial polymer to the substrate surface.
Below s the treated material, with the antimicrobial
polymer on the surfacébove are bacterial cells in
an aqueous environment, with free silver ions'jAg
and bound silver (R-Ag). (20)

Silver ions are highly reactive and readily
bind to electron donor groups containing
sulfur, oxygen and nitrogen, as well as
negatively-charged groups such as
phosphates and chlorides. A primary
molecular target for the silver ion is cellular
thiol (-SH) groups, commonly found in
enzymes. Enzymes become denatured
because of conformational changes in the
molecule that result from Aginding.

Many of the enzymes that Aglenatures are
necessary in the cellular generation of
energy. If the ability of the microbial cell to
generate energy is disrupted sufficiently, the
microbe will quickly die £0).

In current medical practice, our
antimicrobial agent is used in

silver-based, advanced wound care
devices.

Elcam Medical's 510K submission has been
cleared by the FDA, and the technical file

for CE-mark submission has been approved.

Safety of the B-Stop STP for
Human Usage

The antimicrobial agent was tested for
toxicity and adverse affects on animalby

a well-established laboratotll the results
showed that the antimicrobial agent has
negligibleleaching leve] and there was no
evidence of toxicity or adverse findings in
any of thein-vitro andin-vivo biological

tests performed on the device. Therefore, the
device is considered to be safe for its
intended application.

Biocompatibility assessmentests of the B-
Stop STP were conducted by NAMSA Lab.
(USA) according to FDA Blue book
memorandum #G95-1 and ISO 10993-1
standard. The test plan was determined per
product categorization &«ternal
communicating device, blood path indirect
for prolonged (up to 96 hours) contact
duration.

All the antimicrobial stopcock fluid-path
materials were tested for the following types
of tests:cytotoxicity, sensitization,
intracutaneous reactivitgcute systemic
toxicity, hemolysis and pyrogenisity (LAL).
Additionally, Elcam conducted
supplementary chemical tests to evaluate
silver leaching and material characterization.
All test results showed that the
Antimicrobial agent is negligibly soluble (60
ppb in the extract for 96 hours in°).

The tested antimicrobial stopcocks were
sterilized by both EtO and Gamma
irradiation prior to testing.

All fluid path materials tested had
acceptable results. The tests were
summarized and analyzed in a Risk
Assessment report issued by the testing
laboratory (NAMSA). Elcam believes that
the tests results and data analysis provide
sufficient assurance that the device
materials are safe for its intended use.
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Elcam Medical also requested a
silver-elution study of stopcocks treated
with various levels of the antimicrobial
agent.The purpose of this study was to
determine the amount of silver that would
elute into a saline solution(as used in IV
applications in real patients)he test
concluded that the amount of silver eluted
into the saline solution as it passes
through the B-Stop STP, was beneath the
detection limit of the sensitive test
equipment (7 ppb). Therefore, it is safe
for human usage

Microbiologic Efficacy of the
B-Stop STP

Proximal port

Side port Male port

Test Method

The antimicrobial efficacy of Elcam
Medical's B-Stop STP was tested against a
conventional Elcam Medical STP.

The test methodology involved flushing the
STP from the side port through the male port
with 2 ml of 95% Saline + 5% Dextrose,

6 hours before inoculation. (The rational
behind this “pre-flushing” protocol was the
simulation of an IV set connected to a
patient with the delay of silver ions activity
due to the diffusion of the solution through

the set and the delay in organism
proliferation)

6 hours after the flushing, the side port was
inoculated with 0.03 ml of the bacteria
suspension (to create an inoculum of
approximately 103 CFU, as the initial
colonization inoculum of bacteria in
hospitalized patients occurs at the rate of
101 - 5x102 CFUj21).

The selection of the tests organisms was
based on data from the Center of Disease
Control and Prevention (CDC). The
microorganisms chosen (as shown in the
following table) comprise the majority of the
hospital-acquired bloodstream infections.

Bacterial Fungal Group [ Basedontheyear [ Prevalent

Gram - positive cocci

Coagulase-negative staphylococ| 1992-1999 37%
Enterococcus spp 1999 13%
Staphyloccocus Aureu; 1992-1999 13%
Gram-negative rods
Enterobacter spp] 1992-1999 5%
Pseudom onas aeruginosa 1992-1999 4%
Klebsiella pneumoniag 1992-1999 3%
Escherichia coli 1999 2%
Yeasts
Candida spp. [ 1992-1999 [ 8%
Others | | 15%

The representative organisnstaph aureus
(one of the most prevalent bacterium in
nosocomial infections) - was tested for 96
hours. The other bacteria were tested for 48
hours, based on their structure similarity to
Staph aureus

Candida albicansthe representative of
yeasts, was also tested for 96 hours.

Calculation Method

The average bacteria count (in a given
condition) in the test B-Stop STPs, was
calculated at Ti time to b&.

The average bacteria count (in the same
conditions) in the control STPs, was
calculated at Ti time to k8.

The ReductiorC for the time Ti (in the same
conditions) was considered to be

C =Log B — Log A.
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Testing array and results

Full standard tests (bacteria concentrations
were evaluated after 6, 12, 24, 48, 72 and 96
hours, including the baseline of time “0” -
flushing immediately after inoculation),

were performed foBtaphylococcus aureus
ATCC 6538, representatives of Gram-
positive cocci on substrates of 95% saline
and 5% dextrose.

Repetitive testswere performed for
Staphylococcus aureuTCC 6538 only

(a common pathogen), on a substrate of 95%
saline and 5% dextrose.

Staph aureuson 95%Saline + 5%Dextrose

T

w B ]
1 ' 1

no
'

Log population

3% 48 60 72 81

Time intervals hours

MRSA on 95% Saline + 5% Dextrose

T

12 24

&

L
'

w
|

ny
!

Log population

24 36

Time intervals hours

12

Enterobacteron 95%Saline + 5%Dextrose
(7

Log population
B - @ o

36 48

12

24
Time intervals hours

/

| — Log control
I | og treated
Reduction

o

The repetitive tests simulate a clinical
situation where the stopcock is under
repetitive inoculation followed by a flushing
into the bloodstream.

Full standard tests were performed for
Candida albicansATCC 43300,
representative of yeasts, on a substrate of
95% saline and 5% dextrose.

Standard tests (0 hours, 24 hours and

48 hours time intervals) were performed for
the remaining microorganisms

(Staph MRSAATCC 6538 Staph
epidermidisATCC 12228 Enterobacter
aerogeneATCC 13048) on a substrate of
95% saline and 5% dextrose
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Conclusions

Test results showed that the antimicrobial
efficacy of the Elcam B-Stop stopcock
exceeded the 2 log reduction acceptance
criteria, and in most cases even exceeded
3 log kill (above 99.9%), when using a
saline and dextrose solution as a
substrate. These performances were
reached with various types of bacteria and
yeasts, includingMRSA and Candida
albicans considered the most prevalent
sources of Catheter Related Blood Stream
Infections according to the CDC. The
above mention rate of kill was also
reached in a relatively short period of

time — less than 24 hours, and maintained,
even following repetitive inoculations
(Staph aureuskvery 24 hours, for 96
hours.

Shelf life: The B-Stop has been tested from
both mechanical and efficacy aspects, and
was approved for shelf life of 3 years.

Regulatory status:
The B-Stop is 510(k) cleared
and CE approved.
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