
Abstract. Antimicrobial central venous catheters are
discussed as a device to reduce catheter-related infections.
Previously we have reported a study with 223 adult surgical
patients randomized to receive either a rifampicin-
miconazole-loaded central venous catheter (CVC) (n=118)
or a standard CVC (n=105). The antimicrobial CVC was
shown to reduce catheter colonization (CC) and catheter-
related local infection (CRI) significantly even at long-term
catheterization. Here, we present further evaluation of the
study focusing on possible benefits for high-risk patients.
Subgroup analyses showed a pronounced reduction of CC
and CRI in male, overweight and oncology patients.
Important covariates were skin colonization for CC and
oncological disease for CRI. Odds ratio (OR) for reducing
CC was 0.076 (95% CI: 0.016-0.360) and CRI was reduced
from 26% to 2.3% (p=0.001) in the cancer subgroup. Ex vivo
long-term antimicrobial activity of modified catheters
exceeded 4 weeks. Conclusion: Immunocompromized
patients suffering from cancer, transplantation, and dialysis
patients with a long-term vascular access may mostly benefit
from rifampicin-miconazole-releasing catheters.

An overall rate of infections of about 50% can be estimated
for oncological patients in a hospital setting. Pneumonia,
urinary tract and blood stream infections are the main types
of nosocomial infections associated with increased
mortality (1). The predominant risk for bloodstream

infections arise from the use of vascular catheters (2).
According to the Registered Nurses Association of Ontario
Guidelines, INS Standards and RCN standards, a central
venous access is indicated in the following conditions:
administration of solutions with pH <5 or >9, drugs with
osmolarity >600 mOsm/l or 500 mOsm/l, parenteral
nutritions containing >10% glucose or 5% amino acids,
administration of vesicant drugs or other drugs associated
with vascular damage; need for multiple lumen intravenous
treatment, need for dialysis or apheresis, need for central
venous pressure monitoring, venous access need for more
than 3 months (3). For all types of central venous catheter
(CVC), e.g. tunneled, non tunneled, implantable, ports and
peripherally inserted, complications due to infection remain
frequent events, whereas the type and design of catheter
may significantly affect the risk of infections as shown by
Maki et al. in a systematic review of more than 200
prospective studies (4). Catheter-related infections can be
divided into exit infections, tunnel infections, port pocket
infections, catheter-related bacteremia and fungemia.
Catheter-related bacteremia and exit infections are known
for all types of catheters. Port pocket infections and tunnel
infections are common to implantable devices. Several
factors have been reported to correlate with the incidence
of infections: total parenteral nutrition (TPN), type of fluid
infusate, therapy with interleukin-2, neutrophil counts and
activity and occurrence of catheter thrombosis which are
frequently found in cancer patients (5). Independent of
neutropenia, patients with hematological malignancies (6)
are at a higher risk of infection because of excessive
catheter manipulations for blood transfusions and blood
withdrawals. Intravenous chemotherapy, is obviously an
additional and independent risk factor for late catheter-
related complications (7).

Avoidence of catheter-associated infections can be
primarily achieved by well-established hygienic principles
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during insertion and use of the catheter. A significant residual
frequency of catheter-associated infections remains in spite
of narrow indications for insertion and careful hygienic care.
Additional preventive measures, some of which are
controversial, include: non-occlusive dressing technique,
reduction of the bacterial load at the point of insertion by
application of local antibiotics or local antiseptics,
conversion of Staphylococcus aureus carrier states (e.g. with
mupirocin), partial or complete replacement of the skin
barrier by subcutaneous tunnelling and subcutaneous cuffs,
as well as systemic administration of antibiotics. Recently,
we reported a controlled clinical study on surgical patients
(oncological, non-oncological) showing significant overall
reduction of bacterial colonization of rifampicin-miconazole-
loaded CVCs (36.2% to 5.1%; p<0.001) as well as reduction
of catheter-related infections rate from 17.1% to 4.2%
(p=0.002) (8). Here, we present microbiological
characteristics and subgroup analyses focusing on benefits
for high risk patients such as cancer patients with long-term
catheterization.

Patients and Methods

The methodological details of the study have been published
before (8). In brief, a triple lumen polyurethane CVC
supersaturated with molecularly dispersed rifampicin and
miconazole (6.2% wt/wt) was compared with the standard version
(Vygon GmbH, Aachen, Germany) (8, 9). A total of 118 surgical
patients were enrolled in the intervention group (loaded CVC) and
105 in the control group (standard CVC). Hospitalized adults (18-
80 years) assumed to require a CVC for at least 2 days and
undergoing first venous catheterization were included. Exclusion
criteria were pregnancy, known allergy to miconazole and/or
rifampicin, anatomic defect or skin lesions at the potential site of
insertion, and previous inclusion in the present trial.
Microbiological evaluation was completed according to the
following protocol. During removal of the CVCs, swab samples
were taken from the catheter connectors (Hub) as well as from the
skin at the site of catheter insertion. After careful withdrawal of
the catheter, the intravasal (IVP) and the subcutaneous part (SCP)
were divided with a sterile scissor and transported in sterile tubes
for rapid microbiological evaluation. For detection of luminal
colonization, 3 ml of broth were flushed through each lumen of
the distal catheter sample followed by surface plating on blood
agar plates. Segments of 3 cm from the IVP as well as from the
SCP were used for the semi-quantitative roll-plate technique (10).
Subsequently ex vivo activity of the antimicrobial catheters was
measured as the mean diameter of inhibition towards
Staphylococcus epidermidis RP62A (9, 11). Coagulase-negative
Staphylococci were classified as gram-positive cocci in clusters
producing catalase but not coagulase. Catheter colonization (CC)
was defined as growth of ≥15 colony-forming units detected by
the roll-plate technique on an IVP or SCP sample (10). Catheter-
related local infection (CRI) was characterized by a colonized
catheter accompanied at the site of insertion by at least one of the
following criteria of inflammation: redness, induration/swelling,
purulent secretion, pain. 

Statistical evaluation of continuous variables was performed with
two-tailed Mann and Whitney U-test, linear regression and bivariate
correlation according to Pearson. For comparison of frequencies, two-
tailed Fisher’s exact test and multivariate logistic regression analysis
was used. A p-value less than 0.05 was considered significant. 

Results

Patient characteristics. Patients were homogenously
distributed in terms of age, gender, weight, body mass index
(BMI), as well as with respect to their diseases (Table I). A
total of 84 (38%) were cancer patients, with diseases of the
gastrointestinal tract predominating (standard CVC: 51.2%,
loaded CVC: 51.2%). 

Indwelling time and microbiological characteristics. The
difference of overall CVC indwelling time between the
control group (6.7±3.2 days) and the intervention group
(7.5±4.7 days) was not significant, whereas long-term
indwelling time (>7 days) was significantly higher for the
modified catheter group (10.8±4.9 days, median 9.0, n=46)
compared to the control group (9.2±2.9 days, median: 8.0,
n=48, p=0.029) (Figure 1).

In Figure 2, the considerable time-dependent cumulative
increase of both CC and CRI in the control group in
comparison to their slow elevation in the intervention
group is evident (p<0.001 for both criteria). Compared to
the standard device, modified CVCs showed a significantly
lower CC as well as CRI during short-term (<7 d,
p=0.001) as well as during long-term (≥7 d, p=0.001)
administration. 

Figure 3 shows the proportions of different types of
microorganisms colonizing the CVCs. In the control group,
38 (36.3%) out of the 105 standard CVCs were colonized:
30 by gram-positive bacteria with S. epidermidis
predominating and only 1 case of Enterococcus faecalis, 5
by gram-negative strains (Pseudomonas aeruginosa,
Serratia marcescens, Enterobacter cloacae, Acinetobacter
spp.); 2 by both types of microorganisms and 1 by
Candida parapsilosis. In the intervention group, only 6 out
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Table I. Distribution of diseases of study patients.

Type of disease Standard CVC Loaded CVC Total
N=105 N=118 N=223

Oncological 41 (39%) 43 (36%) 84 (38%)
Heart/vascular 23 (22%) 33 (28%) 56 (25%)
Peripheral vessel 15 (14%) 17 (14%) 32 (14%)
Gastrointestinal 13 (12%) 15 (13%) 28 (13%)
Trauma 11 (10%) 6 (5%) 17 (8%)
Urological 2 (2%) 2 (2%) 4 (2%)
Neurological 0 (0%) 2 (2%) 2 (1%)



of the 118 loaded CVCs were colonized (5.1%): 5 of them
by gram-positive bacteria, with 3 cases of E. faecalis, and
1 by S. epidermidis and Corynebacterium spp.,
respectively. One CVC was colonized by gram-negative
Escherischia coli and Klebsiella oxytoca. The overall
colonization rates of the study groups were significantly
different (p<0.001). 

After catheter withdrawal, colonization of the IVP, of the
SCP (giving the main criterion CC), of the lumen and of
the skin area at the site of insertion was significantly
reduced for the loaded catheters compared to the standard
group (Figure 4). A multivariate regression analysis found
that skin colonization was the most important covariate for
CC of the control group (p=0.001) followed by lumen and
hub colonization (not significant). Evaluation of the
oncological patient subgroup gave similar results. Long-
term antimicrobial activity of withdrawn antimicrobial
catheters exceeded 4 weeks (Figure 5). 91.2% of catheter
samples showed inhibition diameters of ≥15 mm, the
threshold for significant antibacterial efficacy in vivo (9,
11). There was no difference between inhibition due to
colonized antimicrobial catheters (19.0±3.9 mm, n=6)
compared to non-colonized CVCs (19.7±4.2 mm, n=96)
(not shown). 

Subgroup analyses. Male gender as well as increased BMI
were identified as significant risk factors for catheter
colonization in patients with standard CVC (not shown).
The colonization rate in the oncology subgroup did not
differ markedly from the rate of the patients without
cancer (39.0% vs. 34.4%, p=0.629); however, the CRI rate
was significantly higher in cancer patients (26.8% vs.
10.9%, p=0.035). The CRI rate of oncological patients was

reduced from 26.8% to 2.3% using the loaded CVC,
indicating its pronounced efficacy in preventing CRI in
cancer patients (p<0.001) (Figure 6). Parenteral nutrition
is associated with the development of bloodstream
infections (12) and is more frequently used in cancer
patients. In our study, CRI rates were markedly elevated in
patients receiving TPN even for the carcinoma subgroup
(not significant) (Figure 7). 
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Figure 1. Catheter indwelling time: control group (white columns) and
intervention group (dark columns) according to total period, short-term
(<7 days) and long-term (≥7 days) administration.

Figure 2. Cumulative increase of the number of catheters with CC or
CRI. 

Figure 3. Classification of microorganisms colonizing the loaded
catheters and the standard catheters.



Discussion

Approximately 20-50% of all bloodstream infections in the
oncological ICU are associated with colonized intravenous
lines with an attributable mortality of 20%-50% (13, 14).
Patients surviving bloodstream infections stayed an additional
week in the ICU; costs attributable to the infection averaged
$28,000 per surviving patient (14, 15) which may be exceeded
in patients with hemopoietic stem cell transplantation.
Reduction of nosocomial infections is still an ultimate measure
to decrease patient burden and health care expenditures.

Duration of antimicrobial activity is a critical issue for in vivo
efficacy of antimicrobial-modified catheters which was
demonstrated in preclinical investigations (11), as well as by the
controversial clinical results of the chlorhexidine-silver
sulfadiazine catheter with an antimicrobial half-life of 3-4 days
(16). As shown in Figure 5, the rifampicin-miconazole-loaded
catheter exhibited prolonged antimicrobial activity (half-live >21
d). This can be explained physicochemically by the whole
supersaturated catheter material serving as a drug reservoir for a
nearly constant delivery of antimicrobial agents to the internal
and external catheter surface after the initial burst effect (9).
Miconazole was chosen as combination partner of rifampicin
because it has shown antimicrobial activity against Staphylococci
as well as Candida species (17), contrary to the rifampicin-
minocycline catheter. Depending on the broth media, miconazole
showed minimum inhibitory concentrations for Staphylococci
ranging from 0.1 to 2.0 μg/ml (9). The very low water solubility
of miconazole limits a broader intravenous use, however, this
drawback is advantageous for catheter coating by prolonging the
slow antimicrobial delivery rates. The molecular level of additive
and synergistic antimicrobial effects of rifampicin combined with

miconazole was assumed to be due to a sequential activity of
these substances on direct membrane damage and RNA-
polymerase level (9). Due to the lipophilic nature of both drugs,
intracellular accumulation and penetration of infected tissues,
leukocytes, and biofilms may be advantageous for killing
adherent, metabolically inactive bacteria on catheter surfaces. 

Thrombosis is a direct consequence of tumor growth and
host inflammatory response, indirectly a consequence of cancer
treatment and the procoagulant activity of many anticancer
drugs. Van Rooden et al. found that the risk of developing
clinically manifest thrombosis increases substantially after an
episode of CVC-related infection (relative risk 17.6) and is
enhanced by the severity of the infection (18). In patients
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Figure 4. Microbial colonization of different catheter parts and of skin at
the site of insertion (white columns: standard CVC, dark columns: loaded
CVC). IVP: Intravasal part, SCP: subcutaneous part; S: significantly
lower than standard CVC.

Figure 5. Antibiotic activity of the antimicrobial catheters after removal
(n=102).

Figure 6. Rates of catheter-related local infections in patients without
cancer (white columns) and patients with cancer (shaded columns).



having two or more positive subsequent CVC lock fluid
cultures with identical microorganisms, 71.4% developed
thrombosis as compared with 3.3% in patients with negative or
single positive culture. In addition to their antifungal and
bacteriostatic activity, the embedded drugs show effects on
thrombocyte activation, probably being beneficial in catheter
surface hemocompatibility (19).

Colonization of catheter connectors was similar in both
groups, which can be explained by the equal frequency of
catheter manipulations. In both study groups, colonization of
the catheter insertion skin area was the predominant
covariate for the main criterion CC. This points out the
necessity of following the hygienic guidelines strictly.

In our study population, we identified male gender,
increased BMI and oncological disease as risk factors of CRI.
Due to the impaired immune system, even several months after
chemotherapy, radiation or surgery, intrinsic resistance to
infection is almost always reduced. This may explain the higher
incidence of infection in cancer patients despite the similar
colonization rate. The increased risk of CRI in cancer patients
impressively decreased from 26.8% to 2.3% by using the
loaded catheter. Thus, oncological patients may mostly benefit
from the use of rifampicin-miconazole-loaded catheters. 

A meta-analysis of Falagas et al., which included eight
acceptable controlled clinical studies on antibiotically coated
catheters, demonstrated the superiority of rifampicin-
minocycline-coated CVCs by an overall OR of 0.46 (95% CI:
0.31-0.69) regarding colonization (20). In our own study on the
rifampicin-miconazole-loaded catheter, OR was far better
(0.094; 95% CI: 0.038-0.234) and further improved to 0.076
(95% CI: 0.016-0.360) when the cancer subgroup was evaluated
separately (Figure 8). Another crucial result of the meta-analysis
was the lack of any indications for resistance development.

Recently, in a clinical study of Lorente et al., 184 femoral
and 241 central jugular catheters, of which 187 CVC were
rifampicin-miconazole-loaded catheters, were investigated in
order to compare the incidence of CVC-related bacteremia
in a polyvalent medical-surgical ICU (27). The authors found
a statistically significant lower rate of bacteremia in patients
with femoral access (0 vs. 8.62 cases/1000 catheter days,
OR: 0.13, p=0.03) and with central jugular access (0 vs. 4.93
cases/1000 catheter days, OR: 0.13, p=0.04). The results of
Lorente et al. may strengthen the results of our study
because only one case of bloodstream infection was observed
in the control group, which may be explained by a better
Apache II score of the patients. 

Rifampicin-miconazole supersaturated CVCs have
demonstrated the potential to prevent catheter-associated
colonization, local infection and bloodstream infection even in
long-term application, which may be of high importance for
cancer, transplantation and other critically ill patients with a
significant need for a intermediate or long-term central vascular
access. More clinical data need to be evaluated for a clearer
assessment of the development of bacterial resistance to
antibiotics and/or antiseptics delivered from coated catheters.
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