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Abstract: Central line associated bloodstream infections
(CLABSIs) are a serious cause of morbidity and mortality
induced by the use of central venous catheters (CVCs). Nobel
metal alloy (NMA) coating is an advanced surface modifica-
tion that prevents microbial adhesion and growth on cathe-
ters and thereby reduces the risk of infection. In vitro
microbiological analyses have shown up to 90% reduction in
microbial adhesion on coated CVC compared to uncoated
ones. This study aimed to assess the blood compatibility of
NMA-coated CVC according to ISO 10993-4. Hemolysis,
thrombin-antithrombin (TAT) complex, platelet counts, fibrin
deposition, and C3a and SC5b-9 complement activation were
analyzed in human blood exposed to the NMA-coated and
control CVCs using a Chandler-loop model. NMA-coated CVC

did not induce hemolysis and fell in the “nonhemolytic” cate-
gory according to ASTM F756-00. Significantly lower
amounts of TAT were generated and less fibrin was depos-
ited on NMA-coated CVC than on uncoated ones. Slightly
higher platelet counts and lower complement markers were
observed for NMA-coated CVC compared to uncoated ones.
These data suggest that the NMA-coated CVC has better ex
vivo blood compatibility compared to uncoated CVC. © 2015
Wiley Periodicals, Inc. J Biomed Mater Res Part B: Appl Biomater 00B:
000-000, 2015.
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INTRODUCTION

Healthcare-associated infections (HAIs) are a major cause of
morbidity and mortality, with a high economic impact
worldwide. As reported by the American Center for Disease
Control and Prevention, the approximate annual occurrence
of HAls is about 1.7 million, which gives rise to nearly
99,000 deaths and overall direct hospital costs of $36-45
billion."” Similar estimates in Europe indicate that a yearly
incidence of 4 million HAIs leads to approximately 37,000
deaths, 16 million added days of hospitalization, and a
direct cost of about €7 billion.?

Large proportion of HAls is related to the use of medical
devices such as catheters and ventilators.* Catheter-related
bloodstream infections (CRBSIs) also called CLABS],
catheter-associated urinary tract infections (CAUTIs), and
ventilator-associated pneumonia (VAP) are HAls associated
with the application of specific medical devices.

CLABSI is the most serious and life-threatening blood
stream infection (BSI), and it is associated with the use of
central access devices such as central venous catheter
(CVC). CLABSIs are found to be the most costly,’® the
second-most deadly, and the third-most frequent HAL' CVCs
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are widely used in critically ill patients to administer medi-
cation, blood products, and fluids as well as to obtain blood
samples. An estimated three to five million CVCs were
employed in medical care each year in the USA alone,” lead-
ing to about 41,000 CLABSI episodes with a mortality rate
of 1-4® Recent studies in Germany®’ and the USA® have
reported median attributable additional costs of €29,909
and $45,814 per case of CLABSI, respectively. Both studies
indicated a median of seven days length of stay (LOS) for
each CLABSI episode.

The application of CVC in clinical care is unavoidable,
whereas the incidence of CVC-associated infections, to a
large extent, is preventable® Several reports have shown
that despite a general decline in HAI incidence after the
employment of intervention programs,’ catheter-related
infections remain a burden on the global health system.
Thus, for effective intervention, it is important to under-
stand the mechanism underlying catheter-related pathoge-
nesis. Catheters provide microbes with a surface for
adhesion, which is crucial for the growth and persistence of
the infection. Moreover, catheter as foreign material induces
host immunological/inflammatory responses and, if in



contact with blood, also initiates the clotting cascade, which
in turn can lead to serious complications. Hence, a key
approach to reduce the risk of catheter-related infection is
to employ catheters with anti-microbial properties that are
highly biocompatible.

Bactiguard® (BG) has developed an advanced technology
to coat medical devices with a thin layer of noble metals to
achieve modified surfaces that reduce microbial adhesion
and microbial growth while being biocompatible and devoid
of antibiotics. BG-coating was first applied on latex and sili-
cone Foleys (Bardex I.C. and Lubri-Sil I.C.) together with CR
Bard® in the mid-1990s. BG-coated Foleys have been tested
in several clinical trials,'® were approved by the FDA (Food
and Drug Administration of the USA) in 1994, and have
been in the market ever since. Extra caution should be
taken when employing any CVC, a class IIl product for use
in the blood stream, as they may enhance the risk of throm-
bosis. Bactiguard (called Metacot at the time), together with
Fresenius, developed a noble metal coated polyurethane
CVC. Clinical trials of the product indicated that BG-coated
CVCs not only reduced the risk of infection but also resulted
in less thrombosis (0.8%) as compared to uncoated CVC
(2.7%); however, the difference did not reach statistical sig-
nificance due to low numbers.'**?

BG has recently developed a new BG-coated CVC, the
Bactiguard Infection Protection (BIP) CVC, intended to have
increased anti-microbial properties without compromising
blood compatibility. A modified Ahearn test'® was per-
formed to evaluate the anti-microbial properties of the BIP-
CVC in in vitro and up to 90% reduction in bacterial adhe-
sion on BIP-CVC was observed (Persson L. et al
unpublished).

This study aimed to assess blood compatibility of the
BIP-CVC according to ISO 10993-4. For this purpose, hemo-
lytic characteristics and the capacity of the BIP-CVC to acti-
vate coagulation (as defined by thrombin-antithrombin
(TAT) generation, fibrin deposition, and platelet counts) and
the complement system (using measures for C3a and SC5b-
9) cascades were investigated and compared to values
obtained from analysis of commercially available uncoated
CVCs currently in clinical use.

MATERIALS AND METHODS
Bactiguard surface and control materials
The Bactiguard coating was applied on standard (commer-
cially available) polyurethane (PU) CVC according to Bacti-
guard AB’s patented standard coating protocol, which
includes a validated set of dipping steps in metal solutions of
silver (Ag), gold (Au), and palladium (Pd), producing a sub-
micron layer of metals firmly attached to the surface without
significant release during use. The coating metal composition
at the surface follows standardized specifications approved
by regulatory authorities and maintained for each batch. This
composition has been optimized for the CVC application with
the goal of achieving an optimal combination of anti-infective
properties and good blood compatibility.

The uncoated control was a commercial PU standard
multi-lumen central venous catheter purchased from Bio-
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sensors International™, and the Chlorhexidine Silver Sulfa-
diazine (CSS) catheter was an ARROWg-+ard Blue multi-
lumen antibacterial central venous catheter purchased from
Arrow® International. The CSS-CVC and the uncoated CVC
are presently applied in medical care.

Blood collection

This study was approved by the National Ethics Committee
at Karolinska Institute in Stockholm, Sweden (Dnr 2010/
1627-31/3), and informed consent was given by all
participants.

Twenty-three healthy adult volunteers, who had not
taken any medication for at least two weeks prior to the
blood sampling, were included in each experiment.
“Healthy” was defined as the absence of any kind of autoim-
mune diseases, asthma, coagulation disorders, ongoing ulcer,
or pregnancy as well as known hepatitis and HIV infections.
Blood was drawn from the median cubital vein using an 18-
G (1.2 mm &) needle (Trumo Europe, Leuven Belgium)
connected to 30 cm of platinum silicone tubing, allowing
the blood to flow gently into the collecting tube. After dis-
carding the first 2 mL, 40 mL blood was collected into a
50 mL Falcon® tube (Sarsted, Numbrecht, Germany) with
heparin added to a final concentration of 0.1 U/mL (Leo
Pharma, 100IE/KY/mL), which was then immediately ali-
quoted in Chandler loops.

Sample preparation

For measurement of baseline values, ethylene-diamine-tetra-
acetic acid (EDTA)- and citrate-anticoagulated aliquots
(“00™) were separated from each blood sample prior to cir-
culation in the Chandler loop. The remainder of the blood
was aliquoted in loops containing testing materials. In our
ex vivo model, 7.5 cm? of CVC (7 Fr) is exposed to 4.5 mL
blood, giving rise to an exposure ratio of 1.125 cm?/mL,
which is [mt]500 times the exposure ratio in in vivo. The
first loop was left with no device and served as a negative
control or blank to measure the background effect of the
bare loop on tested parameters. Uncoated CVC and CSS-CVC
were used as controls. Plasma was collected after immediate
centrifugation of blood and saved in 200 pL aliquots at —70
°C for further analyses.

Chandler loop model

A modified Chandler loop model was used to assess the
blood compatibility of BIP coating materials as previously
described.'* ¢ Briefly, polyvinyl chloride (PVC) tubes (Med-
tronic, Minneapolis, USA), internally coated with Carmeda
BioActive Surface (CBAS), with an internal diameter of
6.5 mm and 30 cm length, pre-treated with saline for 5 min,
were filled with 4.5 mL fresh whole blood. The tubing was
closed into loop with CBAS coated-Medtronic Intersept®
connector (Medtronic, Minneapolis, MN). The loops were
then mounted on a Plexiglas plate and rotated vertically in
a 37 °C water bath at 10 rpm for 60 min as shown in Fig-
ure 1. After circulation, blood was removed from loops, and
3 mL was transferred into EDTA- (BD Vacutainer® K2E
54 mg) and 1 mL into citrate- (BD Vacutainer® 9NC
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FIGURE 1. Chandler loop diagram model used in the present investi-
gation. The CVC materials were placed into the loop and carefully
filled with fresh blood. The loops were closed and placed in a Plexi-
glas table (10 rpm) and rotated vertically in a water bath at 37 °C for
60 min.

0.129M) containing tubes. Plasma was collected and stored
as previously stated.

Blood compatibility assays

Blood compatibility tests, including measures of coagulation
and complement activation markers, hemolysis, and platelet
counts as well as fibrin deposition, were performed accord-
ing to ISO 10993-4 (Biological evaluation of medical
devices-Part 4: Selection of tests for interactions with blood,
ISO 10993-4:2002, Amd 1:2006).

Coagulation and hemolysis assays

Induction of coagulation was assessed by applying measures
for platelet counts, TAT, and fibrin deposition. Whole-blood
count was measured in EDTA anticoagulated blood accord-
ing to the standard procedure for clinical evaluation of
blood in the Clinical Chemistry Department at Karolinska
University Hospital.

TAT was measured in plasma collected from citrated
blood, using a commercially available ELISA kit (Enzygnost®
TAT micro, Siemens AG, Muenchen, Germany), following the
instructions provided by the manufacturer.

The endpoint product of the coagulation cascade is a
fibrin clot. After blood incubation in the loops, tested CVCs
were washed with saline (0.9%) and stained with a suspen-
sion of hematoxylin (0.1%) at room temperature for 30
min. Fibrin deposition on CVCs was evaluated visually
before and after staining.

The hemolysis assay was performed using a Quanti-
Chrome ™ Hemoglobin assay kit (Bioassay Systems, Hay-
ward, USA) to estimate the release of hemoglobin to plasma
due to possible damage of red blood cells (RBCs) caused by
tested materials.

Complement activation

The activation of the complement system is one of the most
significant challenges when blood is exposed to foreign
materials.'®"'° Measures of C3a and SC5b-9, also called Ter-
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minal Complement Complex (TCC), are widely used as com-
plement activation markers. In plasma samples collected
from EDTA anticoagulated blood, C3a and SC5b-9 levels
were measured using a MicroVue™ C3a and SC5b-9 Plus
EIA Kit (San Diego, USA).

Analysis of TAT, hemolysis, and the complement system
were carried out at the laboratories of the Clinical Research
Center at Danderyd Hospital. The tests were conducted fol-
lowing the assay procedure specified for each analysis.

Statistical analysis

The GraphPad Prism software package (version 5, GraphPad
Software, La Jolla, USA) was used to perform all statistical
analyses. The results shown in figures are expressed as
mean (M) * standard deviation (SD). The unpaired t test
was used to analyze the confidence interval between the
means of different groups. The non-parametric rank sum
Mann-Whitney test was performed to compare the groups.
Values of p < 0.05 were considered significant, p < 0.01 and
p <0.001 were considered highly significant, and values of
p > 0.05 were considered not significant.

RESULTS

In most of the experiments two of each uncoated and BIP-
coated CVCs were tested. Most of the assessments were not
feasible for the CSS-CVC, due to the pronounced hemolysis
induced by this material (see Hemolysis test).

Hemolysis test
Hemolytic properties of the BIP CVC (n=29) were tested
and compared to hemolytic values of blank (n=29),
uncoated CVC (n=23), and CSS-CVC (n = 3). The hemolytic
index or % hemolysis was calculated as the ratio of free
plasma hemoglobin to total blood hemoglobin concentration
and expressed as a mean percentage = SD. The mean hemo-
lytic index of the blank was subtracted from those of tested
materials to define the hemolytic grades according to the
standard protocol for testing hemolytic properties of materi-
als (ASTM F756-00).

Hemolytic indexes and grading are presented in Figure 2.
No statistically significant differences in hemolytic properties
of BIP-CVCs and uncoated ones (mean 2.96* 0.5 and
2.77 £ 0.65%, respectively) were observed when compared
to the blank (mean 2.28 = 0.61%). Hemolysis values were
significantly enhanced in the samples incubated with CSS-
CVC (mean 29.33 = 8.92%, p < 0.0001) as compared to blank
and other tested CVCs [Figure 2(A)]. As shown in Figure
2(B), uncoated and BIP-CVC (hemolytic grade 0.7 and 1.0,
respectively) were classified as “nonhemolytic” according to
ASTM F756-00 protocol, whereas the CSS-CVC with a hemo-
lytic grade of 25.8, was categorized as “hemolytic.” The pro-
nounced hemolytic characteristics of CSS-CVC interfered with
the results of coagulation and complement activation analysis,
leading to its exclusion from the rest of the experiment.

TAT generation
TAT generation was measured in 38 and 43 samples
exposed to BIP- and uncoated CVCs respectively, as well as
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FIGURE 2. Hemolytic index (A) and grades (B) in blank (n=9), uncoated-CVC (n=23), BIP-CVC (n=29), and CSS-CVC (n = 3). Uncoated and BIP-
CVC showed no hemolytic properties, while a pronounced level of hemolysis was seen in the samples in contact with CSS-CVC. According to
ASTM F756-00, haemolytic index 0-2% is classified as “nonhemolytic,” 2-5% as “slightly hemolytic” and >5% as “hemolytic.” Based on this,
BIP-CVC was graded as “Nonhemolytic,” where CSS-CVC was categorized as “Hemolytic.” *p > 0.05, **p < 0.0001.

in 17 blank controls. Results are summarized in Figure 3.
Statistically significantly less TAT was generated after incu-
bation with BIP-CVC as compared to the uncoated control
(mean 337.4 £ 269 vs. 590.4 = 541 ng/L, p = 0.02). Circula-
tion of blood in a bare loop led to a significant production
of TAT when compared to the “00” control (mean
26.8+119 vs 9. 1 7.7 pg/L, p<0.0001). Exposure to
both coated and uncoated CVCs increased the TAT produc-
tion significantly (p < 0.0001).

Fibrin deposition

Visual inspection of control and coated CVCs before and
after staining showed a pronounced difference in fibrin
deposition on tested groups. None to minimal fibrin was
deposited on BIP CVC surfaces, whereas detectable amount
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FIGURE 3. Measures of TAT generation induced by control (n=43)
and BIP-CVC (n = 38) in comparison to blank (n=17) and “00” control
(n=22), presented as mean *= SD in mg/L. Significantly lower amount
of TAT was generated in exposure to BIP-CVC than uncoated ones.
Blood circulation in bare loop induced the TAT generation and expo-
sure to both tested CVCs enhanced the TAT production significantly.
*p<0.001, **p=0.02.
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of fibrin was formed on the surface of uncoated CVCs (Fig-
ure 4).

Platelet counts

Platelet counts were determined in 38 and 43 blood sam-
ples exposed to BIP- and uncoated CVCs respectively, as
well in 14 blank controls. As can be seen in Figure 5, the
median number of remaining platelets in samples exposed
to BIP-CVC (80.9%) was slightly higher than in those incu-
bated with uncoated CVC (77.2%), however the difference
did not reach statistical significance (p > 0.05). These values
were significantly lower than remaining platelet counts after
circulation in the bare loop (median 95.5%, p < 0.0001).

Complement activation

Activation of the complement was assessed by measuring
C3a and SC5b-9. Circulation of blood in the bare loop
caused a significant increase in C3a (mean 805.6 = 84.9 vs.
110.5 579 ng/mL, p=0.001) and SC5b-9 levels (mean
507.6 =126.9 vs. 122.0 = 43.79 ng/mL, p < 0.0001) as com-
pared to the “00” control (Figure 6). Production of C3a was
significantly amplified after exposure to uncoated (mean
1403 +413.4 ng/mL, p=0.001) and BIP-CVC (mean
1355+5179 ng/mL, p=0.03) when compared to the
blank. SC5b-9 production was not significantly boosted after
blood contact with either BIP (mean 540 * 178.4 ng/mL) or
uncoated CVC (582 = 229.0 ng/mL).

FIGURE 4. This figure shows the status of fibrin deposition on the
catheter material after being exposed to blood for 60 min and then
stained with hematoxylin. The control catheter is in the top part
of the picture while the BIP catheter is placed on bottom.
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FIGURE 5. Platelet counts remaining in the circulation after 1 h expo-
sure to BIP- (n=38) as compared to uncoated-CVC (n=43) and blank
(n=14), presented as median in percentage. No significant difference
was observed between tested CVCs whereas significantly higher pla-
telet counts were remained in the blank. *p > 0.05, **p < 0.0001.

No significant difference in inflammatory markers (C3a
and SC5b-9) was seen between samples exposed to BIP-
and uncoated CVCs. However, BIP-CVC activated the comple-
ment to a slightly lower extent as compared to uncoated
ones.

DISCUSSION

Surface modification of medical devices may influence their
biocompatibility, and thus, they must be cautiously assessed
in this respect. Biocompatibility of invasive devices is vital
when a device is in contact with blood, due to the risk of
thrombus formation. The present study analyzed the impact
of Bactiguard noble metal coating (surface modification) on
the blood compatibility properties of a CVC according to ISO
10993-4.

Hemolytic characteristics of a biomaterial are fundamen-
tal features in defining its blood compatibility. A blood com-
patible device, by definition, should not induce hemolysis.
Based on our results, BIP- and uncoated CVC did not differ
with regard to their hemolytic properties and both were
found to be “nonhemolytic,” indicating that BIP-surface
modification does not cause any damage to erythrocytes’
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membrane that can lead to their lysis. CSS-CVC, on the con-
trary, induced prominent hemolysis and was classified as
“hemolytic.”

The coagulation cascade protects and maintains the
integrity of blood vessels, can be initiated by different fac-
tors and ends in the conversion of fibrinogen into fibrin by
thrombin. Coagulation is tightly regulated by deactivation of
thrombin through complex binding with antithrombin to
form a TAT complex. Measurement of TAT levels is used as
an indicator of thrombin generation, as thrombin is a prote-
ase central to coagulation but also deeply involved in other
processes, such as inflammation and platelet activation.
Notably, BIP-CVC showed a significantly lower TAT, and
thereby lower potential for coagulation activation when
compared to original CVC with unmodified surface. Similarly,
very little to no fibrin formation was noted on BIP-CVCs,
suggesting that thrombin is not produced to a sufficient
level to form a visible clot.

Platelets are crucial elements for hemostasis due to their
ability to adhere and aggregate as well as to support throm-
bin generation and subsequently blood coagulation. It has
been found that contact with foreign materials activates pla-
telets and subsequently leads to their removal from circula-
tion.?® The magnitude of platelet counts remaining in
circulation after exposure to medical devices reflects the
blood compatibility of the biomaterial. We observed that
contact of blood with BIP-CVC led to a small depletion (<
20%) in platelets from circulation. The impact of BIP-CVC
on platelet consumption was slightly smaller than that of
uncoated CVC. However, the remaining platelet count in the
blank was significantly more than those of BIP- and
uncoated CVCs. Activated platelets have been shown to pro-
mote thrombin generation.?’ This corresponds with the TAT
analysis where we observed considerably less thrombin pro-
duction in response to BIP-CVC compared to the uncoated
CVC. Thrombotic complications are a fatal outcome associ-
ated with the use of vascular devices.? Our results from
coagulation activation analysis suggest that BIP coating may
potentially lower the risk of thrombotic complications. This
idea is supported by the results from a clinical study in
which only 0.8% of patients using BG-coated CVCs devel-
oped thrombosis, while 2.7% of patients using uncoated

TCC ng/mL

“00”

Blank Uncoated BIP

FIGURE 6. C3a (A) and TCC (B) generations, induced by uncoated (n=37) and BIP-CVC (n=32) compared to blank (n=5) and “00” control
(n=16), presented as mean = SD ng/mL. Both C3a and TCC were elevated significantly after circulation in bare loop (p<0.001). C3a generation
was amplified in exposure to both uncoated- (p=0.001) and BIP-CVC (p = 0.03) while TCC production did not increase markedly (p> 0.05). BIP-
CVC induced insignificantly lower amount of C3a and TCC in comparison with uncoated-CVC (p > 0.05).
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CVC had this complication.9 However, further clinical trials
in a larger study population are required to confirm this
idea.

The presence of foreign material in the blood activates
the complement system as part of the host immune
response and initiates a systemic inflammatory reaction,
which can lead to biomaterial-associated complications. Con-
tact activation of complement by artificial surfaces gives rise
to a rapid release of C3a and C3b. The activation of the cas-
cade through all pathways proceeds to the generation of
SC5b-9/TCC. C3a and C5a have been reported to be the
most potent anaphylatoxic proteins in blood, which recruit
and activate polymorphonuclear leukocytes (PMNs) and
monocytes and coordinate the inflammatory reaction origi-
nating from the material surface. Together with soluble C3a
and C5a, production of SC5b-9 leads to chemotaxis and
cytokine release as well as generation of prostaglandins and
leukotrienes, which may further enhance inflammation.?? In
addition, SC5b-9 induces platelet activation, resulting in pro-
coagulant activity of platelets and expression of P-selectin,
the latter of which mediates the binding of platelets to leu-
kocytes.?®?* Measures of C3a and SC5b-9/TCC can be used
as indicators of acute and complete activation of comple-
ment via various pathways. In the present study, contact of
blood with the bare loop activated the complement. The
C3a production was increased in contact with uncoated CVC
and to a lower extent in response to the BIP-CVC. SC5b-9
formation was not significantly amplified after contact with
any of tested CVCs. These data suggest that the whole cas-
cade was not activated and the acute amplification of com-
plement response induced by CVCs did not proceed to
terminal steps, which is the actual initiator of the inflamma-
tory response. The discrepancy between C3a and SC5b-9
levels may also be explained by the fact that thrombin can
induce C3 cleavage and the release of C3a, resulting in a
background level of this component,?® in which case the ini-
tial complement activation might not be directly induced in
contact with CVCs. Moreover, studies by Gorbet and Sefton
suggest that the terminal pathway of complement (C5b-9) is
more important in leukocyte activation than the common
pathway (C3a and C3b).?® SC5b-9 is also suggested as a
remarkably stable and therefore more reliable indicator of
complement activation.’® Our results indicated that the BIP-
CVC is more blood compatible with respect to complement
activation as compared to the uncoated CVC.

Hulander et al.?”*® used whole blood in a “slide cham-
ber model” to study the immune complement activation,
generation of thrombin/antithrombin (TAT) complexes, and
platelet depletion from blood upon contact with silver (Ag),
palladium (Pd), gold (Au), titanium (Ti), and the Bactiguard
surface. In this publication, the TAT generation and platelet
depletion was lower on the Bactiguard surface, and the
microbalance adsorption studies showed that the fibrinogen
adsorption was lowest on the Bactiguard surface. The
author concluded that the individual noble metals could not
alone explain the low coagulation on the Bactiguard surface,
and a synergistic effect of the chemistry, galvanic effects,
and structure would be a likely explanation. Further
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research should focus on investigating the importance of
the different factors.

In our ex vivo model, almost 500 times the exaggerated
ratio of CVC surface exposed to blood was applied com-
pared to the actual exposure ratio in in vivo. This suggests
that even lower values of coagulation and complement acti-
vation markers than observed in the present study should
be expected in vivo. All together, our results revealed that
BIP coating has potentially improved blood compatibility
properties of the CVC. Results from the Ahearn test showed
up to a 90% decrease in bacterial adhesion on the BIP-CVC
(Persson et al, unpublished). Preliminary data from the
Tube method®® to detect biofilm formation has indicated
that those bacteria that manage to adhere to the BIP-CVC
do not go on to colonize or form biofilms (personal commu-
nication with Javier Sanchez). However, further safety and
clinical trials are required to confirm the anti-infective and
blood compatibility properties of the BIP-CVC. The safety
trial of the BIP-CVC has been approved by the National
Ethics Committee at Karolinska Institute in Stockholm, Swe-
den (Dnr 2013/622-31/4) and is in process.

CONCLUSION

Despite a remarkable decline in the number of CLABSI dur-
ing the last two decades, owing to the employment of differ-
ent  prevention  strategies,®  CVC-related infection/
complications remain a major issue confronting health care
systems worldwide, emphasizing the urgent need for devi-
ces with anti-infective properties that are devoid of antisep-
tics and antibiotics and are blood compatible. Results of the
present study together with biofilm formation prohibition
and potent adhesion-inhibition observed in in vitro studies
suggest that BIP surface treatment can be a key approach to
battle HAI in general and CLABSI in particular.
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