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entral venous lines (CVLs) are com-

monly used in patients with hemato-

oncologic disease for hemodynamic

monitoring, administration of medica-
tion, and parenteral nutrition.'” Complications
of catheterization include mechanical (arterial
puncture, pneumothorax), thrombotic, and in-
fectious complications.’

Approximately 80,000 central venous cathe-
ter-related bloodstream infections (CRBIs), rep-
resenting 5.3 infections per 1,000 catheter days,
occur annually in intensive care units in the
United States.” Attributable mortality for these
infections ranges from 10% to 25%; each CRBI
adds as much as $5,000—$19,000 and 12.5 days
to a hospital stay.®

Studies have shown that catheter-related in-
fection may be due to fibrin deposition associated
with catheters.”!! Interventions designed to de-
crease fibrin deposition and thrombus formation
have the potential to reduce catheter-related in-
fections. Recently, in a randomized, controlled
study, we showed that a low-dose of unfraction-
ated heparin (UFH; 100 U/kg/d) was a safe and
effective way to prevent CRBI in patients with
hemato-oncologic disease.!?
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Abstract Bloodstream infections related to the use of central venous
catheters are an important cause of patient morbidity, mortality, and
increased health care costs. Catheter-related infection may be due to
fibrin deposition associated with catheters. Interventions designed to
decrease fibrin deposition have the potential to reduce catheter-related
infections. This study was a randomized, controlled trial in which 246
patients with nontunneled central venous catheters were randomly as-
signed to receive a heparin-coated catheter with 50 mL/d of normal sa-
line solution as a continuous infusion (heparin-coated group) or a non-
coated catheter with a continuous infusion of low-dose unfractionated
heparin (control group: continuous infusion of 100 U/kg/d). Catheter-re-
lated bloodstream infection occurred in 2.5% (3/120 catheters) in the
heparin-coated group (0.9 events per 1,000 days) and in 9.1% (11/120
catheters) in the control group (3.5 events per 1,000 days; P = 0.027). No
other risk factors were found for the development of catheter-related
bloodstream infection. Six and seven patients experienced severe bleed-
ing in the heparin-coated and control groups, respectively (P = 1.00). We
did not observe heparin-induced thrombocytopenia. The use of hepa-
rin-coated catheters can be a safe and effective approach to the preven-
tion of catheter-related bloodstream infection in patients with hemato-
oncologic disease.

Methods
STUDY DESIGN

This prospective, randomized, controlled tri-
al was conducted between May 2005 and June
2006 at the National Center for Bone Marrow
Transplantation in Tunis, Tunisia. The study
protocol was approved by the local medical
ethical committee. All patients or their legal
representatives gave written informed consent
before entering the study, which was done in ac-
cordance with the Declaration of Helsinki. This
study is registered at ClinicalTrials.gov, number

NCT00207779.
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PATIENTS

Patients were eligible for the study if they were between
4 and 60 years of age and had a nontunneled CVL. Exclu-
sion criteria were the presence of a CVL at admission, cath-
eterization for less than 7 days, a contraindication to the use
of subclavian catheterization due to major blood coagulation
disorders (ie, platelet count < 50 x 10°/L, disseminated intra-
vascular coagulation), and an absence of catheter-tip culture
at the time of catheter removal.

RANDOMIZATION

A simple randomization sequence was generated by a cen-
tralized computer. After registration and validation of eligibil-
ity, patients were randomly assigned to receive either a hepa-
rin-coated CVL with 50 mL/day of normal saline solution as
a continuous infusion (heparin-coated group) or a noncoated
CVL with a continuous infusion of low-dose UFH (control
group: continuous infusion of 100 U/kg/d, with a maximal
dose of 10,000 U/day). The primary objective was to compare
CRBI rates in the two groups. Secondary endpoints included
analysis of variables that may be significant for the development
of CRBI (eg, age, gender, underlying disease, therapy, side of
venous puncture, duration of insertion, number of veins punc-
tured, duration of catheterization, neutrophil count on the day
of catheterization, use of a catheter for administration of paren-
teral nutrition, and coexisting catheter-related thrombosis).

UFH was continued until the day of hospital discharge, and
all CVLs were removed before hospital discharge. UFH was
discontinued for any severe bleeding episode defined as cen-
tral nervous system (CNS) bleeding or that which resulted in
a drop in hemoglobin of more than 2 g/dL in a 12-hour period.
A platelet transfusion threshold of 20 x 10°/L was adopted.
Coagulation parameters (particularly partial thromboplastin
time) were routinely performed (twice a week).

CVL CHARACTERISTICS

CVLs were externalized, nontunneled, polyurethane, dou-
ble-lumen catheters (Arrow International, Inc.; Readings, PA,
USA). Catheter sizes were chosen appropriate to age (5 or 7
French diameter). All CVLs were placed in the subclavian vein
by infraclavicular approach by the same physician in the oper-
ating room. Catheters were inserted percutaneously using the
Seldinger technique."” The CVL tip was confirmed radiographi-
cally to lie in the superior vena cava. Study catheters were not
exchanged over guidewires. The insertion sites were covered
with a transparent sterile dressing. Catheter care included
changing the dressing under aseptic conditions every 6 days.

MICROBIOLOGIC METHODS

After rigorous antiseptic cleansing of the skin and the hub
with povidone iodine, at least two sets of blood cultures were
drawn in case of fever (> 38°C x 2 over at least 1 hour) and
just before (< 1 hour) catheter removal. Blood samples for
culture were obtained simultaneously from the catheter hub
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of the CVL and from a peripheral vein. For each blood culture
set, a 20-mL blood sample was drawn aseptically and inocu-
lated into aerobic and anaerobic bottles, immediately taken to
the microbiology laboratory, and placed in the automatic posi-
tive-culture detector. The differential time in positivity (DTP)
technique was used for in situ diagnosis of CRBI.'

The identity of isolates from peripheral and CVL-positive
blood cultures was assessed on the basis of colonial morpholo-
gy, species identification, and an identical antibiogram."® Cath-
eters were removed aseptically, at the discretion of primary care
physicians, if they were no longer needed or if infection was
suspected. A 5-cm segment of the removed catheter tip was
aseptically cut and delivered to the microbiology laboratory for
quantitative culture, according to Brun-Buisson et al.!®

Combination antibiotic therapy (piperacillin/tazobactam
with an aminoglycoside) was used early in the febrile neu-
tropenia phase. Glycopeptide antibiotics were used in the
absence of an adequate response to the initial antibiotics. Em-
piric antifungal therapy was given if fever persisted (= 72 h)
despite antibiotics.

DEFINITIONS AND DIAGNOSIS

CRBI was defined according to Infectious Disease Society
of America guidelines:!” bacteremia or fungemia in a patient
who has an intravascular device and at least one positive re-
sult of culture of blood samples obtained from the peripheral
vein, clinical manifestations of infection (eg, fever, chills, and/
or hypotension), no apparent source for bloodstream infection
(with the exception of the catheter), and a positive DTP (>
120 minutes). The principal investigator determined whether
infections were catheter-related and had no knowledge of
“the assigned arm” at the time of adjudication of the reference
standard definition.

DATA COLLECTION

Standardized data collection forms were completed for all
patients. Data were collected and monitored by the investiga-
tor, and the final analysis was performed by an independent
statistical office. These data included demographic charac-
teristics; underlying disease; therapy; catheter insertion and
removal date; body side of CVL location; body mass index;
prior mediastinal irradiation; duration of catheter insertion
(in minutes); number of attempts at catheter placement; me-
chanical complications; and use of catheter for administration
of parenteral nutrition, asparaginase (Elspar), and/or support-
ive care (transfusions, antibiotics).

Additional data recorded were the presence of local signs
and symptoms of infection at the catheter insertion site (eg,
swelling, warmth, tenderness, or purulent discharge), the du-
ration of fever, the neutrophil count on the day of catheter
insertion, the duration of neutropenia, signs of catheter-re-
lated thrombosis (eg, arm or neck pain, localized erythema,
arm swelling, or dilated superficial collateral veins), bleed-
ing events, and the occurrence of heparin-induced throm-
bocytopenia (HIT). The diagnosis of HIT was accepted in
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Table 1
Baseline Characteristics for 240 Patients With a Central Venous Catheter
HEPARIN-COATED GROUP CONTROL GROUP=
(n=120) (n=120) PVALUE
Age, median years (range) 27 (5-59) 28 (6-59) 0.8
Gender
Male 64 (53%) 62 (52%) 0.7
Female 56 (47%) 58 (48%)
Performance status grade, median (range) 1(0-3) 1(0-3) 1.0
Body mass index > 30 12 (10%) 10 (8%) 0.6
Prior mediastinal irradiation 11 (9%) 11 (9%) 1.0
Severe neutropenia® on day of catheterization
Yes 47 (39%) 50 (42%) 0.7
No 73(61%) 70 (58%)
Duration of severe neutropenia®, median days (range) 15 (4-30) 14 (4-29) 0.8
Underlying malignant disease 82 (68%) 80 (67%) 0.4
Acute myeloid leukemia 14 (12%) 14 (12%)
Acute lymphoblastic leukemia 3(2%) 2(1%)
Chronic myeloid leukemia 2 (1%) 3 (2%)
Multiple myeloma 48 (40%) 45 (38%)
Lymphoma 15 (13%) 16 (14%)
Underlying nonmalignant disease 38(32%) 40 (33%)
Aplastic anemia 32(27%) 35 (29%)
Hemoglobinopathy 6 (5%) 5 (4%)

2Continuous infusion of low-dose heparin
b Absolute neutrophil count < 0.5 x 10%/L

the case of either the demonstration of heparin-dependent
immunoglobulin antibodies or, when this search could not
be performed, the combination of the following features: (1)
the absence of any other obvious clinical explanation for
thrombocytopenia, (2) the occurrence of thrombocytope-
nia at least 5 days after the start of heparin, and (3) either
the normalization of the platelet count within 10 days after
heparin discontinuation or the eatlier patient’s death due to
an unexpected thromboembolic complication.!

STATISTICS

In a previous study, we found that CRBI occurred in ap-
proximately 10% of patients with a low dose of UFH prophy-
laxis.!? We estimated that only 1% of the heparin-coated cath-
eters would present a CRBI. Randomly assigning 121 patients
to each group would allow detection of this difference in CRBI
rate with 80% power and a two-tailed significance level of 5%.
No interim analysis was performed.

Variables between heparin-coated and control groups
were compared by an uncorrected chi-squared test or, when
appropriate, Fisher exact test for categoric variables and
Wilcoxon test for continuous variables. The same statistical
tests were performed to identify the influence of age, gender,
underlying disease, therapy, body side of CVL location, du-
ration of catheter insertion, number of attempts at catheter
placement, duration of catheterization, use of a heparin-
coated catheter, neutrophil count on the day of catheter-
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ization, duration of severe neutropenia (absolute neutrophil
count < 0.5 x 10%/L), use of catheter for administration of
parenteral nutrition, and catheter-related thrombosis for the
development of a CRBI.

Because randomization produced two groups of patients with
comparable baseline characteristics, no indication of positive or
negative confounding needed to be controlled for with multi-
variate analysis models. Statistical significance was established
at an alpha value of 0.05. All P values are two-tailed.

Results
PATIENT POPULATION

A total of 250 consecutive patients were eligible (Figure
1) during the 14-month study period, with 246 patients ran-
domized to study. After randomization, six patients (2.4%)
were excluded (three in the heparin-coated group, three in
the control group) because of catheter insertion failure. Ulti-
mately, 240 patients were analyzed. The main characteristics
of the study patients are shown in Tables 1 and 2. We have ob-
served three mechanical complications (two pneumothorax,
one arterial puncture).

INCIDENCE OF CRBI

We have observed 14 CRBIs/240 CVLs (5.8%), represent-
ing an incidence of 2.2 episodes of CRBI per 1,000 catheter-
days. The median number of days between the insertion of the
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Table 2
Central Venous Line Characteristics
HEPARIN-COATED GROUP CONTROL GROUP*
(n=120) (n=120) PVALUE
Duration of catheterization, mean days (range) 23(8-35) 22 (8-38) 0.8
Duration of catheterization (days)
8-29 105 (88%) 102 (85%) 0.5
> 30 15 (12%) 18 (15%)
Reason for catheter removal
End of treatment 100 (83%) 95 (80%) 0.027
Symptomatic catheter-related thrombosis 6 (5%) 4 (3%)
CRBI 3(2.5%) 11 (9%)
Death 11 (9.5%) 10 (8%)
Therapy
HSCT 95 (80%) 92 (77%) 0.6
Intensive chemotherapy 25 (20%) 28(23%)
Use of catheter for administration of:
Parenteral nutrition 77 (64%) 69 (57.5%) 0.3
Antibiotics 102 (85%) 106 (88%)
Blood products 98 (82%) 100 (83%)
Asparaginase 3(2.5%) 2 (2%)

2 Continuous infusion of low-dose heparin

Abbreviations: CRBI = catheter-related bloodstream infection; HSCT = hematopoietic stem cell transplantation

CVL and diagnosis of CRBI was 21 days (10—31 days): for
the heparin-coated group, 22 days (11—30 days); and for the
control group, 21 days (10—31 days).

CRBI occurred in 2.5% (3 CRBIs/120 CVLs) in the hepa-
rin-coated group (0.9 events per 1,000 days) and in 9.1% (11
CRBIs/120 CVLs) in the control group (3.5 events per 1,000
days; P = 0.027). The use of heparin-coated CVLs significantly
decreased CRBIs by 73% (relative risk, 0.27; 95% confidence
interval, 0.08—0.95). The absence of a heparin-coated catheter
was the only risk factor for the development of CRBI (Table 3).

Microorganisms involved in CRBI were coagulase-nega-
tive staphylococci (two cases in the heparin-coated group and
three cases in the control group); Staphylococcus aureus (one
case in the control group); Candida albicans (two cases in the
control group); Pseudomonas aeruginosa (one case in the hep-
arin-coated group and two cases in the control group); and
Klebsiella oxytoca, Enterobacter cloacae, and Corynebacterium
spp (one case, respectively, in the control group).

No death was attributed to CRBI. The CVL was removed
in all patients with CRBI, and appropriate systemic antimi-
crobial therapy was administered. Choice and duration of an-
timicrobial therapy depended on the isolated pathogen; the
resistance pattern; and the presence of complications, such as
deep-seated infections.

INCIDENCE OF CATHETER-RELATED THROMBOSIS

Ten cases of catheter-related thrombosis were observed
(10/240: 6 in the heparin-coated group and 4 in the control
group; P = 0.7). The median number of days between the in-
sertion of the CVL and diagnosis of catheter-related thrombo-
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sis was 20 days (10—30 days): for the heparin-coated group,
21 days (14—25); and for the control group, 22 days (10—30).
Catheter-related thrombosis and CRBI coincided in two pa-
tients and were not significantly correlated (Table 3; P = 0.1).

TOXICITY

Six and seven patients experienced severe bleeding in the
heparin-coated and control groups, respectively (P = 1.00):
(CNS bleeding [n = 1], gastrointestinal bleeding [n = 2],
hematuria [n = 3] in the heparin-coated group; CNS bleed-
ing [n = 1], hematuria [n = 3], gastrointestinal bleeding [n
= 3] in the control group). Only one patient (in the control
group) died of severe bleeding (CNS bleeding). Besides bleed-
ing, there were no other side effects, particularly no heparin-
induced thrombocytopenia.

Discussion

Data from the National Nosocomial Infection Surveillance
system (US) between January 1992 and February 1998 showed
that CRBI is the third most frequent nosocomial infection and
accounted for 14% of all nosocomial infections.!” Several stud-
ies have identified practices that reduce the risk of CRBI. These
practices include using maximal sterile barrier precautions dur-
ing catheter insertion’’; accessing the subclavian vein rather
than the internal jugular or femoral vein?"?*; exchanging CVLs
only when necessary”?*; changing dressings at catheter exit
sites when they become nonocclusive, soiled, or bloody?; and
coating the catheters with various antimicrobial agents.?®%’

Studies have shown that catheter-related infection may be

due to fibrin deposition associated with catheters.’~!! Interven-

THE JOURNAL OF SUPPORTIVE ONCOLOGY



Abdelkefi, Achour, Ben Othman, et al

tions designed to decrease fibrin deposition and thrombus for-
mation have the potential to reduce catheter-related infections.
Indeed, in a previous randomized study, we have shown that
low-dose UFH (100 U/kg/d) was a safe and effective way to
prevent CRBI in patients with hemato-oncologic disease.!?

In the current study, we have observed 14 CRBIs/240 CVLs
(5.8%), representing an incidence of 2.2 episodes of CRBI per
1,000 catheter-days. The incidence of CRBI per 1,000 cath-
eter-days was 0.9 in the heparin-coated group and 3.5 in the
control group (P = 0.027).

Eight randomized studies'>*=** have been performed to
assess the safety and efficacy of heparin (either as an infu-
sion or bonded to CVL) on central venous CRBI. Although
a meta-analysis®® of four studies®®~*! showed a strong trend for
a reduction in CRBI with the use of heparin, these studies
used variable definitions of catheter-related infections. Most
of these studies have been in vitro,”® concerned critically ill
patients,*»® or involved long-term tunneled CVLs.**

In a recent randomized study, heparin-bonded CVLs re-
duced catheter-related bacteremia in critically ill children.?
Nevertheless, there has been some concern expressed in the
literature as to the duration of the heparin bonding and the
degree to which the heparin elutes from the catheter.

Another randomized trial® compared the incidence of
CRBI between heparin-coated catheters and those coated
with a synergistic combination of chlorhexidine and silver
sulfadiazine (CSS) in critically ill children. The incidence
of CRBI per 1,000 catheter-days was 3.24 in heparin-coated
catheters and 2.6 in CSS-coated catheters (P = 0.79).

Evidence-based data on anticoagulant prophylaxis in he-
matology patients with CVLs are limited."? Indeed, clinicians
are reluctant to prescribe anticoagulant prophylaxis routinely
because of a concern for bleeding complications in this vulner-
able population. Although our study is the first randomized trial
showing that the use of heparin-coated CVL is safe and effective
in the prevention of CRBI (nontunneled percutaneous CVLs)
in patients with hemato-oncologic disease, the results cannot
be generalized to all patients who require a CVL, because it was
based on patients who were at high risk for acquiring CRBI.

Variables that may be significant for the development of
CRBI (eg, age, gender, underlying disease, therapy, side of
venous puncture, duration of catheter insertion, number of
veins punctured, duration of catheterization, neutrophil count
on the day of catheterization, duration of severe neutropenia,
use of catheter for administration of parenteral nutrition, and
coexisting catheter-related thrombosis) were analyzed. The
absence of a heparin-coated catheter was the only risk factor
for the development of CRBI.

|
Table 3

Risk Factors for Catheter-Related
Bloodstream Infection

# OF EVENTS/

# OF CASES (%) PVALUE

Heparin-coated catheter
Yes 3/120 (2.5%) 0.027
No 11/120 (9.1%)

Age
<20years 6/100 (6.0%) 0.9
> 20 years 8/140 (5.7%)

Gender
Male 8/126 (6.3%) 0.7
Female 6/114 (5.2%)

Underlying disease
Malignant disease 9/162 (5.5%) 0.8
Nonmalignant disease 5/78 (6.4%)

Therapy
HSCT 11/187 (5.8%) 1.0
Intensive chemotherapy 3/53 (5.6%)

Side of venous puncture
Right 12/202 (5.9%) 1.0
Left 2/38 (5.2%)

Duration of catheter insertion
<4 min 11/194 (5.6%) 0.7
>4 min 3/46 (6.5%)

Number of punctures
1 11/198 (5.5%) 0.7
>1 3/42 (7.1%)

Duration of catheterization, days
8-29 11/207 (5.3%) 0.4
> 30 3/33 (9.0%)

Severe neutropenia® on day of

catheterization
Yes 8/90 (8.8%) 0.2
No 6/150 (4.0%)

Duration of severe neutropenia®,

days
<15 9/169 (5.3%) 0.5
>15 5/71 (7.0%)

Parenteral nutrition
Yes 8/146 (5.4%) 1.0
No 6/94 (6.3%)

Catheter-related thrombosis
Yes 2/10 (20.0%) 0.1
No 12/230 (5.2%)

2 Univariate, chi-squared test
® Absolute neutrophil count < 0.5 x10°/L

Abbreviation: HSCT = hematopoietic stem cell transplantation
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