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The efficacy of a non-leaching antibacterial central venous catheter
— a prospective, randomized, double-blind study

Ivo Krikava®, Martin Kolar®, Barbora Garajova‘, Tomas Balik?, Alena Sevcikova®, Ingolf Roschke', Pavel Sevcik®

Background. Antimicrobial coatings of central venous catheters (CVC) have the potential to reduce the risk of infec-
tious complications. The aim of this study was to examine the efficacy of a catheter with a non-leaching antimicrobial
coating against catheter colonization and bloodstream infections (BSI).

Methods. The study was conducted in two centers using a prospective, randomized, double-blind and controlled
design (680 intensive care patients; a protective CVC (Certofix® protect) or a standard CVC (Certofix®). Primary objec-
tives were the rates of catheter colonization and BSI in the two groups. Other baseline demographics, APACHE Il score,
insertion site, location of CVC placement (ICU or theatre), indwelling time and length of ICU stay were comparable for
both groups.

Results. While the rate of catheter colonization between the coated and uncoated CVC (17.4% vs. 18.7%, P=0.7477)
and the rate of microbiologically confirmed catheter associated infections were similar (1.4% vs. 1.9%, P=0.7521), the
coated CVC showed a significantly lower incidence of BSI (2.0% vs. 6.5%, P=0.0081) and a significantly lower mean
incidence of BSI per 1000 catheter days (3.2 vs. 8.3, P=0.0356).

Conclusion. The non-leaching antibacterial coating of the protective catheter was effective in reducing the incidence
of BSI but not the rate of catheter colonization. However, the incidence of BSl is a better surrogate marker for the risk
of developing clinical signs of infection suggesting that use of the non-leaching protective catheter is effective in this
regard.
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BACKGROUND chlorhexidine-containing medical devices, educational
programs for health care workers, comprehensive preven-
Central venous catheters (CVC) have become an in-  tion programs, catheter hubs containing iodinated alco-
dispensable part of patient management2. However, the  hol, and use of biomaterials that inhibit microorganism
use of CVC is fraught with the risk of infectious compli-  growth and adhesion*’.
cations particularly in critically ill patients'?. Catheter- Catheters with antimicrobial or antiseptic impreg-
related bloodstream infections (CRBSI) are the most nations coated onto or incorporated into the catheter
serious cause of health-care associated bloodstream in-  polymer have been developed®®®. Currently several an-
fections with a stated incidence of three to eight percent  timicrobial CVC are commercially available. The main
of inserted catheters. They are associated with increased  four types of impregnated or coated CVC are leaching
morbidity, duration of stay in hospital and excess health  systems whose modes of action are based on drug re-
care costs. Estimated attributable mortality is up to lease>’. Various studies have demonstrated beneficial
17 percent*+’. effects of these coatings in reducing colonization and
Much effort has been invested in prevention strate- CRBSI (ref.*!?). However, these catheters have some dis-
gies to decrease catheter-related colonization and CRBSI  advantages, e.g. limited time of drug release, risk of toxic
such as the use of a maximum sterile barrier technique, or anaphylactic reactions, and discussed risk of bacterial
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resistance against antibiotics>>!3!4, Therefore it is recom-
mended to limit their use to intensive care*. The advantage
of coated CVC in comparison with silver-impregnated
CVC could be lower cost on the market.

A new type of coated catheter with a non-leaching
antibacterial coating was recently developed (Certofix®
protect, B.Braun). With this catheter the active agent
polyhexanide cannot be flushed out from the catheter.
The repelling antimicrobial property of this non-leaching
catheter is based on a purely physical effect. Thereby,
polyhexanide is chemically bonded to the inner and
outer surface of polyurethane catheter material result-
ing in long-lasting polarization of the catheter surface.
The bactericidal effect is supposed to occur through the
positively charged catheter surface which physically de-
stroys the lipid bilayer surface of bacteria. (Information
provided by B.Braun). Recently, an in vitro study showed
a significant inhibitory effect on biofilm formation (for
Staphylococcus aureus, S. epidermidis, Pseudomonas aerugi-
nosa, Acinetobacter baumannii, Klebsiella pneumoniae, and
Candida albicans) of Certofix® protect in comparison to
non-coated catheters®.

AIM

The aim of this clinical study was to examine the safety
and efficacy of Certofix® protect in respect to the rate of
catheter colonization and the risk of bloodstream infec-
tions (BSI) in the setting of multidisciplinary intensive
care units (ICU).

METHODS

Study Design

The study was designed as a prospective, controlled,
double-blind, randomized post-approval medical device
study in two centers in the Czech Republic (University
Hospital Brno, University Hospital Kralovske Vinohrady,
Prague). It was planned with an adaptive design (see in-
terim analysis). The study was approved by ethic commit-
tees in both centers.

Number of patients

The originally planned number of patients was 480
(240 patients per group). After interim analysis, the
number of patients was adapted to 680 (340 patients per
group). (see interim analysis)

Study population

All patients aged 18 years or older with a probable
stay in ICU after CVC placement were eligible. They were
included in case of a first or second central venous cath-
eterization during actual hospital stay and an anticipated
CVC indwelling period in the subclavian or jugular vein
of more than three days. Written informed consent by
the patient or the attending physician prior to participa-
tion was required. In case of the latter, written informed
consent by the patient was to be obtained after recovery
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if possible. Exclusion criteria included (1) placement in
the femoral vein, (2) inflammation of the skin at the site
of puncture prior to the puncture, (3) known hypersen-
sitivity to any of the components (i.e. polyhexanide or
related substance such as chlorhexidine), (4) emergency
insertion of the catheter in the field, and (5) participation
in another clinical trial.

Study catheter

The study catheter (Certofix® protect, B.Braun) was
a non-leaching antibacterial CVC while the control cath-
eter (Certofix®, B.Braun) was a non-coated CVC. Both
catheters are CE-marked and are made of polyurethane.

Blinding and Randomization

Study and control catheters and their packaging
looked identical and could only be identified by study
number.

Patients received a sequential number in accordance
with their order of inclusion into the study. They were
assigned to either of the two devices by a coded random-
ization list. Randomization took place immediately before
catheter placement. Neither the clinical investigator nor
the patients were informed of the type of used catheter.

Documentation and Visit Schedule

Each patient’s course of therapy was examined. The
physician documented each visit on a standardised case
report form. During the initial visit, patients were checked
for study eligibility and written consent for study partici-
pation was obtained. The catheters were handled accord-
ing to standardised catheter care guidelines (e. g. sterile
barrier concept, dressing change and routine cap change,
flush and heparinisation, no special connectors or valves
were used). The most common disinfectants were iodine
and alcohol based skin antiseptics.

The catheter insertion site was examined daily. After
removal of the catheter a microbial examination of the
catheter was performed. The study was terminated at the
removal of the last investigational catheter.

Outcome Measures

The original primary endpoint of the study was the
incidence of ‘catheter tip colonization’. After interim
analysis, the primary outcome was changed to ‘incidence
of bloodstream infections’ (BSI) which was a secondary
endpoint before (see interim analysis).

At the beginning of the study in 2005, no definition
of catheter-related bloodstream infection from the CDC
or IDSA was available. Catheter colonisation was evalu-
ated by establishing cultures: after catheter removal 5cm
of intravascular segment was cut and placed in a sterile
container or culture medium. The quantificative sonifi-
cation method was used to determine the colonisation
of the catheter tip. In the presence of clinical signs of
bloodstream infection or sepsis, blood cultures were
drawn from the catheter and peripheral vein. A blood-
stream infection was defined as a recognised pathogen in
the blood, when the pathogen was not related to an infec-
tion at another site, or when there were clinical signs of



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020 Jun; 164(2):154-160.

infection (fever, chills, or hypotension - systolic pressure
<90mm Hg).

Clinical sepsis was diagnosed when the patient had
fever, hypotension, or oliguria and when either there had
been no blood culture or no microorganism had been
isolated. Additional conditions were that there was no
apparent infection at another site or that a physician had
initiated appropriate antimicrobial therapy. These defini-
tions were valid at the beginning of the study.

Concomitant study parameters comprised baseline
patient data, data regarding the CVC, clinical therapy,
APACHE II- and TISS-scores, invasive procedures while
the central line was in place, basic laboratory investiga-
tions (CRP, leukocytes), and length of ICU stay.

Statistical analyses

All analyses were performed with the intention-to-
treat (ITT) population (all patients who were random-
ized and received treatment) and the per-protocol (PP)
population (all patients with a catheter indwelling period
of more than three days). Primary parameters were ana-
lyzed with confirmative statistical tests and the usual de-
scriptive statistical methods. On all secondary parameters
data analysis was carried out. All statistical tests were
performed two-sided with a significance level of a=0.05.
Fisher’s exact test was used for two times two tables while
for all other contingency tables the x>Test was used. For
the analyses of continuous parameters, the groups were
compared with the t-test.

Interim analysis

After inclusion of 241 patients (half of the originally
planned sample size) a planned interim analysis was per-
formed. The analysis of catheter colonization showed
no difference between standard CVC and coated CVC
(20.5% vs. 20.8%; P=0.9632) implying discontinuation of
the study in the first instance. The results of the interim
analysis showed no statistically significant difference be-
tween the groups in the incidence of BSI being 4.0% in

the Certofix® protect group and 9.7% in the Certofix®
standard group (P=0.1026). Based on the data of the in-
terim analysis, a significant difference regarding the inci-
dence of BSI was to be expected if the study were to be
completed with a new sample size.

The rationale for the increase of sample size was based
on the results of Pearson Test for the adapted primary
objective showing a difference between the two catheter
groups for the incidence of BSI (4.0% for coated CVC
vs. 9.7% for uncoated CVC) with a P value of 0.1026.
According to the adaptive design of Bauer and Kohne, the
two sided a-value for the second stage of the study was
0.0848 (ref.'®"). Due to practical reasons and speed of
recruitment in the two study centers, a sample size of 220
patients per group for the second stage was regarded most
adequate, corresponding to a power of 74%. Therefore
a total of 680 patients were included in the study.

To avoid bias neither investigators, staff nor the study
monitor were informed about the results of the interim
analysis.

FINDINGS

The duration of study was about 40 months from
December 2005 to April 2009. 680 patients were included
in the study. Due to loss to follow-up in five patients and
femoral catheter access in one patient, the ITT- popula-
tion included 674 patients. As 58 patients had a catheter
indwelling time of less than three days, the PP-population
included 616 patients (304 patients in the coated and 312
in the uncoated CVC group). The difference between ITT-
and PP-population was not significant. All results pertain
to the PP-population (Fig. 1).

There were no differences in baseline demographic
data or clinical characteristics between the two groups.
The mean APACHE II score was comparable (10.6 + 8.7
and 11.3 £ 8.5 in the coated and uncoated group, P=0.33)
(Table 1).

Table 1. Patient baseline data in the Certofix® protect and Certofix® standard group.

Certofix® protect Certofix® standard P
Sex male 58.5% 62.8% 0.2846
Age (mean) 60.7£ 13.9 years 60.7 £ 15.6 years 0.9704
BMI (mean) 26.1 + 4.7 kg/m? 26.6 = 5.7 kg/m? 0.2192
APACHE II, mean 10.6 £ 8.7 11.3+£8.5 0.3300

Table 2. Catheter parameters related to placement in the Certofix® protect and Certofix® standard group.

Certofix® Certofix® P
protect (%) standard (%)
Access v. jugularis 19.1 16.7 0.4623
v. subclavia 80.9 84.3 0.2885
Placement in operating room 47.0 46.8 1.00
ICU 53.0 52.9 1.00
intermediate care 0 cases 2 cases
Complications 13.9 18.3 0.1540
Of these handling problems 4.8 17.5 0.0663
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More than 80% of the catheters could be placed with-
out complications. If problems occurred, they could most-
ly be related to the puncture. There was a trend towards
more handling problems during catheter placement in the
uncoated CVC group (17.5% vs. 4.8% in the coated group;
P=0.0663). In half of patients in both groups, catheter
fixation was conducted according to study protocol. For
the other half of patients, an equivalent dressing was used
(Table 2).

The catheter indwelling time was at least three days
up to approximately 21 days (maximum in one case was
27 days) with a mean indwelling period of 7.3 + 2.9 vs.
7.7 3.2 in the coated vs. the uncoated group. The average
length of stay in ICU was 8.5 + 12.3 vs. 8.8 + 8.2 days
in the coated vs. the uncoated group (P=0.7436). The
number of invasive procedures (artificial respiration, sur-
gery, number of drains, urological catheter, and others)
was high in both groups but no significant differences in
frequency and duration of the procedures were observed
(P>0.05).

After removal, the majority of catheter tips were mi-
crobiologically investigated in both groups (95.1% and
96.2% in the coated and uncoated CVC group). Microbial
findings did not differ between the groups and displayed
catheter colonization rates of 17.4% and 18.7% for the
coated and uncoated CVC (P=0.7477), respectively
(Table 3).

The rate of BSI was significantly lower in the coat-
ed than in the uncoated CVC group (2.0% vs. 6.5%;
P=0.0081) (Fig. 2). Also the BSI rate per 1000 catheter
days was significantly lower in the coated CVC group
(mean 3.2 vs. 8.3; P=0.0356). In contrast, the rate of clini-
cal sepsis did not differ between the groups (7.0% vs. 6.5%
in the coated vs. the uncoated group; P=0.8720) nor did

/
/

== Protect
—#-Standard

Infections

300 400 500 600 700

Patients

Fig. 1. Flowchart of patient recruitment (in number of patients)
and population arrangement.

the frequency of microbiologically confirmed catheter as-
sociated infections (1.3% vs. 1.9% in the coated vs. the un-
coated group; P=0.7521) (Table 3). According to BSI and
positive blood cultures no cases of infectious endocarditis
(or valvular vegetations) were recorded in any patients.

The pathogens of catheter colonisation and cath-
eter-related bloodstream infections were coag. neg
Staphylococcus, Staphylococcus aureus, Enterococcus fae-
calis, MRSA, Pseudomonas aeruginosa, Candidia albicans,
Klebsiella pneumonia, Escherichia coli, Klebsiella oxytoca,
Enterobacter cloacae, Bacillus cereus and Acinetobacter
baumanii. There were no clinically differences in the pre-
dominant pathogens observed between the two types of
catheters. Moreover, there were no significant differences
between the catheters with respect to catheter care and
dressing change observed. The most frequently used dis-
infectant was Iodisol® (Povidone-iodine solution in 95%
ethanol).

Table 3. Infection parameters in the Certofix® protect and Certofix® standard group.

Certofix® Certofix® P
protect standard
Tip colonization 17.4% 18.7% 0.7477
Bloodstream infections (BSI) 2.0% 6.5% 0.0081
BSI per 1000 catheter days (mean) 3.2+24.5 8.3£34.4 0.0356
Clinical sepsis 7.0% 6.5% 0.8720
Microbiologically confirmed catheter 1.3% 1.9% 0.7521

associated infection

Table 4. Differences in the incidences of catheter tip colonization and bloodstream infection, APACHE II score, insertion sites
and placement locations and antibiotics between the two study centers.

Prague Brno P
Tip colonization 14.4% 21.8% 0.0240
Bloodstream infections 6.4% 2.2% 0.0148
Mean APACHE II score 13.3£10.8 8.6 £4.8 <0.0001
Access V. jugularis 5.6% 29.7% <0.0001
Placement in operating room 0.7% 91.7% <0.0001
Placement in ICU 99.3% 8.0% <0.0001
Administration of antibiotics 84.8% 96.5% <0.0001
Mean duration of antibiotics 8.0 days 2.3 days 0.0005
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Fig. 2. Relative number of infections in the Certofix® protect and the Certofix® standard group at time of interim analysis and

end of study.

The antimicrobial therapy was, in all cases therapeutic
(not prophylactic) and the empirical treatment was target-
ed to a few days according to microbiological findings. In
the non-coated group the frequency of administering an-
tibiotics was significantly higher (93.3% vs. 88.2% in the
coated group; P=0.0364). However, the duration of their
application was not significantly higher in the uncoated
group (5.8 vs. 4.0 days in the coated group; P=0.2051).

In total, 129 adverse events (AEs) were documented
from 81 PP-patients: 48 with the coated CVC (Certofix®
protect) and 81 with the uncoated standard catheter
(Certofix®). Neither in the PP- nor the ITT-population
were significant differences between the two device groups
found (P>0.05). The occurrence of an infection was the
most frequent event (50.0% of the AEs in the protected
catheter group were classified as infections/infestations as
well as 48.2% in the standard catheter group).

The intensity of more than half of the AEs was clas-
sified as ‘moderate’ (54.2% vs. 64.2% in the coated vs.
uncoated group), only about 10% as ‘slight’ (n=6 vs.
n=7 in the coated vs. uncoated group), and a third as
‘severe’ (33.3% vs. 27.2% in the coated vs. uncoated
group). A fourth of the AEs were classified as ‘serious’.
Of the 30 serious AEs documented in 27 patients, twelve
occurred with the coated catheter and 18 with the non-
coated catheter.

At the end of the study, only six cases with pres-
ent symptoms were documented. In the PP-population
16 non-related deaths occurred (n=6 in the coated and
n=10 in the uncoated group).
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DISCUSSION

Certofix® protect showed a significant decrease in
BSI (2.0% vs. 6.5%) and BSI per 1000 catheter days (3.2
vs. 8.3). A significant decrease in the percentage of pa-
tients receiving antibiotics (88.2% vs. 93.3%) was also
detectable for the benefit of the protected CVC. Those
numbers reveal the favorable situation of Certofix® pro-
tect with regard to infection parameters and reflect the
antimicrobial effect of the new polymer surface of the
coated catheter. Study results compare favorably with re-
ported CVC infection rates of 1.6% to 10% and incidences
of CR-BSI ranging from 1.8 to 5.2 per 1000 catheter days
in other studies®'”"°. However, in this study the rate of
clinical sepsis did not differ between the groups (7.0% vs.
6.5% in the coated vs. uncoated group; P=0.8720).

In a review by Frasca two studies evaluated catheters
coated on both their external and internal surfaces and
both provided comparable results®. In other studies with
coated catheters inconsistent data is reported. While
some did not reveal any differences in catheter coloniza-
tion for different catheter types either, others observed
beneficial effects of different coatings in reducing colo-
nization9-12,l4,20-22.

The rate of catheter tip colonisation in both groups
was comparable and naturally higher than the blood
stream infection rate which differed between groups.
This finding implies that the direct antimicrobial effect of
catheter coating could be probably insignificant, whereas
releasing of bacteria’s or parts of biofilm from colonis-
ated catheters to the bloodstream seems to be clinically
more significant and more affected by catheter coating.
This effect could be caused by difference in (chemical
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and physical) features of outer and inner surface in both
catheter groups (charge, hydrophilicity).

It should be noted that the ‘incidence of BSI’ is a clini-
cally relevant parameter influencing the patients’ outcome
whereas ‘incidence of catheter tip colonization’ is only
an artificial measure. Equally, it is a more informative
parameter with regards to the risk of infection. In con-
trast, catheter colonization may be influenced by differing
catheter handling and varying laboratory practice which
cannot easily be standardized in a clinical study.

The vena subclavia was the most frequent access site
with more than 80% for both types of catheter. The prefer-
ence for the subclavian route is consistent with current
data from literature that mostly states a slightly higher
infection risk for jugular and much higher for femoral vein
access*!*232 Infection rates of 3.8 per 1000 catheter days
in subclavian, 6.1 in jugular, and 15.7 in femoral vein cath-
eterization, and infection rates of 5.4 per 1000 catheter
days for subclavian and 10.2 for jugular catheterization
in ICU have been reported’®. In one study no statistical
difference in the rate of CRBSI between the subclavian
and jugular access route was seen®.

In this study in each group about half of the catheters
were placed in the operating room and the other half in
the ICU. Therefore location of placement should have
had no effect on the results. Differences in infection rates
between catheter placement in the ICU and the operating
theatre have been observed in the literature. One study re-
ported that CVCs inserted in the ICU are associated with
much higher infection rates than in the operating room
(9.4% and 1.4%, respectively) (ref.®). In another study,
however, no difference in CRBSI rates between ICU and
operating room was noted".

The coated catheter can be considered safe. Of the
129 AEs that were seen in 81 PP-patients, more occurred
in the standard group, most were classified as moderate
and not device related.

Efficacy of coated CVC was proven in many studies
and use of similar catheters is recommended in current
guidelines especially when the catheter is in place for
more than 5 days®.

CONCLUSION

In summary, the non-leaching antibacterial catheter of
Certofix® protect can be regarded as effective and safe.
The coated CVC showed a significantly lower incidence
of BSI and a lower mean incidence of BSI per 1000 cath-
eter days. All documented safety parameter showed safe
handling.
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