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Abstract

Infectious complications are frequently encountered following Hickman-Broviac (H-B) catheter insertion.  The
medical records of 164 children with malignancies who underwent H-B catheter insertion from March 1, 1988
to December 31, 1997 were reviewed retrospectively.  During a 35,697 catheter-day period, 77 catheter-related
infections occurred, including 50 catheter-insertion-site infections and 27 bloodstream infections.  The risk for
the development of catheter-related infections was 2.15 per 1000 catheter-days (1.4 and 0.75 per 1000 catheter-
days for catheter-insertion-site and bloodstream infections, respectively).  In 17 (63%) of 27 episodes of blood-
stream infections, antimicrobial treatment controlled the infection without catheter removal.  A previous
catheter-insertion-site infection caused by Staphylococcus epidermidis(p=0.01), the occurrence of mechanical
catheter complications (p=0.007), and a normal coagulation status of the host (p=0.03) were significantly associ-
ated with the development of catheter-related bloodstream infections.  H-B catheters remain important in pedi-
atric oncology.  Due to the significant morbidity associated with the development of catheter-related blood-
stream infections, risk factors found to increase the incidence rate of such infections must be identified and
properly managed.  Key Words: Hickman-Broviac catheters, bloodstream infections, children, malignancies.

Introduction

CENTRAL VENOUS CATHETERSare widely used in
children with malignancies.  First described by
Broviac (1) in 1973 and later modif ied by
Hickman (2) in 1979, Hickman-Broviac (H-B)
catheters constitute a useful tool for administra-
tion of chemotherapy, antimicrobial agents, blood
products, hydration and total parenteral nutrition
(3).  Advantages over the usage of peripheral
venous catheters include reduction of develop-
ment of chemotherapy-induced dermatitis and
improvement of the patient’s quality of life, due
to the avoidance of recurrent venipunctures (3).

However, H-B catheter usage may be complicated
by the development of bloodstream and catheter-
insertion-site infections, and mechanical compli-
cations.  The development of such infections in
children with malignancies is a significant risk,
due mainly to their deficient immune mechanisms
(3).  Therefore, identification of risk factors asso-
ciated with the development of catheter-related
infections in these patients is imperative.  We pre-
sent our 10-year experience on the use of H-B
catheters in children with malignancies.  In addi-
tion, the associated risk factors for the develop-
ment of catheter-related infections and possible
mechanisms accounting for such complications
are discussed.

Patients and Methods

Patients

All children 14 years old or younger with a
malignancy, who underwent H-B catheter inser-
tion for therapeutic and/or supportive purposes at
the Department of Oncology of the Aglaia
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Kyriakou Children’s Hospital from March 1, 1988
to December 31, 1997 were identified through a
computerized database system.  Patients who
received more than one H-B catheter were
excluded from the study.  Patients were followed
from the time of catheter insertion to the time of
catheter removal (if any), or the most recent fol-
low-up, whichever occurred first.  The medical
records of the patients were reviewed in detail and
the following information was collected: age at the
time of catheter insertion, sex, underlying disease,
date of catheter insertion, vein of catheter inser-
tion, usage of antimicrobial prophylaxis, date of
catheter removal (if any), and reason for catheter
removal.  In cases where catheter-related infection
developed, additional information was collected,
including date of development of catheter-related
infection, presence of fever, signs of inflammation
at the catheter-insertion-site, neutropenia, coagula-
tion status, microbiological reports, antimicrobial
treatment, and outcome of the patient.  The study
was approved by the scientific committee of
Aglaia Kyriakou Children’s hospital.

Definitions

Fever was defined as a temperature of 38°C
or more that was unrelated to the administration
of blood products or other pyrogenic substances.
Routine fever work-up included catheter-inser-
tion-site cultures, blood cultures through the
catheter, and peripheral blood cultures.
Neutropenia was defined as an absolute neu-
trophil count of less than 500/µL.  Abnormal
coagulation status was defined as a prothrombin
or partial prothrombin time of more than 3 times
the values of healthy control blood donors and/or
as an absolute platelet count of less than
50,000/µL.  Bloodstream infection was defined as
isolation of a pathogen from the blood at least
once, except for coagulate-negative staphylococci
for which at least two positive cultures in a 72-
hour period were required.  An infectious episode
that developed within 30 days of an initial
episode was counted as part of that episode.
Definite catheter-related bloodstream infection
was defined as presence of fever along with a
positive blood culture obtained through the
catheter in association with a negative blood cul-
ture obtained through a peripheral vein (3, 4).
Probable catheter-related bloodstream infection
was defined as fever along with a positive blood
culture obtained through the catheter and a posi-
tive blood culture obtained peripherally with no
other focus of infection (3, 4).  Catheter-insertion-
site infection was defined as signs of inflamma-

tion at the catheter-insertion-site (e.g., redness,
edema, warmth, tenderness, discharge) and
pathogen isolation from the catheter-insertion-site
discharge with or without fever (3, 4).
Mechanical catheter complications included
catheter translocation, dislodgment, obstruction,
and malfunction, as well as rupture of the catheter
and hematoma at the site of catheter insertion.

Clinical Methods

The right atrial catheters used for venous access
were Silastic subcutaneously tunneled H-B
catheters (Bard Co., Salt Lake City, UT).  All
catheters were placed in the operating room by the
same team of pediatric surgeons.  Antimicrobial
prophylaxis consisted of either cefotaxime 50
mg/kg or vancomycin 10 mg/kg, administered
intravenously in a single dose within one hour prior
to catheter insertion.  In the postoperative period,
the site of insertion was cleansed with povidone-
iodine on a daily basis; following patient’s dis-
charge, cleansing was carried out every 72 hours.
Following cleansing, povidone-iodine ointment and
sterile dressing were applied locally.  Catheter
dressings (gauze or clear plastic dressings) were
changed in hospitalized patients twice per week and
in outpatients once per week.  The catheter was
flushed once daily with sterile heparinized saline
(500 IU heparin in 3 mL of normal saline), and the
injection cap was changed weekly.  Routine surveil-
lance cultures were not performed.  Whenever
patients had fever and/or neutropenia, catheter-
insertion-site cultures, blood cultures through the
catheter and peripheral blood cultures were
attempted.  Treatment of catheter-related infections
consisted of a 10–14 day IV course of either van-
comycin 10 mg/kg b.i.d. or ceftazidime 50 mg/kg
t.i.d. administered through the catheter.  Antimicro-
bial treatment was considered successful in cases of
negative blood and catheter-insertion-site cultures,
with no catheter removal required for infection con-
trol and treatment.  A catheter was removed when
fever persisted for 72 hours or more and/or positive
blood cultures (either through the catheter or
peripherally) were obtained beyond 72 hours of
antimicrobial treatment based on susceptibility
pathogen testing.  Mechanical complications were
managed by repair of the catheter, if damaged,
movement of catheter position, relief of occlusion
or replacement of the device, as appropriate.

Statistical Analysis

An intention-to-treat statistical analysis was
used in this study.  All statistical analyses were
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two-tailed.  Odds ratios were used as the measure
of association, Z-scores were calculated (5), and
corresponding p-values obtained.  For blood-
stream infections, the time to the event was used
in a Kaplan-Meier survival analysis (6), the sur-
vival time being the infection-free interval.  A
univariate analysis searching for risk factors for
bloodstream infections was conducted, including
the following variables: age, sex, underlying dis-
ease, neutropenia, coagulation status, catheter-
insertion-site infections, specific pathogens
involved in catheter-insertion-site infections, and
mechanical catheter complications.  Multivariate
analysis used stepwise forward logistic regression
analysis with days of follow-up as a covariate,
predictor factors as independent variables, with
the probability of first infection as the dependent
variable (7).  In the multivariate logistic regres-
sion analysis, each patient was observed until the
first episode of catheter-related infection.
Categorical variables were studied using Fisher’s
exact test for proportions with appropriate
degrees of freedom.  In the analysis of quantita-
tive variables, Student’s unpaired t-test was used
for variables with normal distributions and the
Mann-Whitney U-test for variables with non-nor-
mal distributions.  Values of p≤0.5 were consid-
ered statistically significant.  Statistical analyses
were performed using the Statistical Package for
the Social Sciences (SPSS for Windows ’95, ver-
sion 7.5).

Results

During the study period, 185 children with H-
B catheters were identified.  Twenty-one patients
were either excluded due to multiple H-B catheter
insertions (18 patients) or lost to follow-up (3
patients).  Therefore, the study population com-
prised 164 patients, of whom 84 were girls (51%)
and 80 were boys (49%).  Patients’ median age
was 5 years (range, 2 months to 14 years).  Their
characteristics are listed in Table 1.  Inserted
catheters included Broviac catheters in 133 (81%)
patients and Hickman catheters in 31 (19%)
patients.  External and internal jugular veins were
used in 130 (79%) patients and 34 (21%) patients,
respectively.  Catheters were inserted for a median
of 235 days (range, 7 – 690 days).  Overall, 35,
697 days of catheter usage were studied.

During the study period, 63 (38%) of the 164
children developed a total of 77 episodes of
catheter-related infections, including 50 catheter-
insertion-site infections and 27 bloodstream infec-
tions.  The median number of catheter-related
infections per patient infected was 1 (range, 1 – 2

catheter-related infections).  In particular, 36
patients developed catheter-site infections only,
14 developed catheter-insertion-site infection fol-
lowed by bloodstream infections, and 13 devel-
oped catheter bloodstream infections only.
Twenty (40%) and 30 (60%) out of 50 catheter-
insertion-site infections developed in the exit por-
tion and tunnel, respectively.  The number of
probable episodes, and definite episodes, of
catheter-related bloodstream infections were 17
(63%) and 10 (37%) episodes, respectively.

The risk for the development of catheter-
related infections was 2.15 per 1000 catheter-
days, and 1.4 and 0.75 per 1000 days for catheter-
insertion-site and bloodstream infections,
respectively.  The median time interval from the
time of catheter insertion to the onset of catheter-
related infection was 30 days (range, 1 – 400
days).  Catheter-insertion-site infections occurred
at a median of 27.5 days (range, 1 – 400 days) fol-
lowing catheter insertion, while catheter-related
bloodstream infections occurred at a median of 31
days (range, 5-390 days) following catheter inser-
tion.  Pathogens detected in catheter-related infec-
tions are summarized in Table 2.  Staphylococcus
epidermidiswas the predominant isolate in
patients with either catheter-insertion-site infec-
tions or catheter-related bloodstream infections,
independent of age, catheter-insertion-vein, neu-
tropenia, and coagulation status of the patient.

TABLE 1
Baseline Characteristics of Patients

No. of patients (%)
(n=164)

Age
≤3 years 42 (26)
>3 years 122 (74)

Sex
males 80 (49)
females 84 (51)

Underlying disease
leukemia 107 (65)
solid tumors 57 (35)

Mechanical complications
translocation 5 (3)
dislodgment 13 (8)
obstruction 7 (4)
malfunction 7 (4)
rupture 2 (1)
hematoma 8 (5)

Absolute neutrophil count
<100/mm3 15 (9)
100 – 500/mm3 21 (13)
>500/mm3 128 (78)

Coagulation status
normal 135 (82)
abnormal 29 (18)
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Antimicrobial treatment consisted of van-
comycin in 60 (78%) of 77 episodes of catheter-
related infections and cefotaxime in the remaining
17 (22%) patients.  Of the 77 episodes of
catheter-related infections, 63 (82%) responded
promptly to antimicrobial treatment while
catheter removal was required in 14 of them
(18%).  In particular, treatment was successful in
46 (92%) of the 50 episodes of catheter-insertion-
site infections, while catheter removal was
required in 4 (8%).  Pathogens responsible for the
catheter-insertion-site infections requiring
catheter removal included S. epidermidis(n=2)
and Staphylococcus aureus(n=2).  Only two of
the four patients needed catheter replacement and
no recurrent infection was documented.  Among
the 27 episodes of bloodstream infections, treat-
ment was successful in 17 (63%), as compared to
10 (37%) episodes, where removal was required.
The following pathogens were detected in the
catheters removed from patients with bloodstream
infections: S. epidermidis(n=5, 50%), S. aureus
(n=3, 30%), Pseudomonas aeruginosa(n=1,
10%), and Candida albicans(n=1, 10%).  In
total, catheters had to be removed in 9 (15%) out
of 60 episodes treated with vancomycin and in 5
(29%) out of 17 episodes treated with cefotaxime
(p=0.15).

Mechanical catheter complications occurred
in 42 (26%) of the 164 patients.  In 24 (57%) of
the 42 patients with mechanical catheter compli-
cations, the catheter had to be removed, while
flushing with heparin solution and repositioning
of the catheter was required in 10 (24%) and 8
(19%) of them, respectively.  In total, catheters
were removed in 149 patients (91%) of the 164
patients, at a median of 235 days (range, 7 – 690
days) following catheter insertion.  At the end of
the study period, 15 catheters (9%) were still in
place.  Reasons for removing a catheter were: (1)
the completion of chemotherapy in 96 out of 149
patients (64%); (2) mechanical complications in

24 out of 149 patients (16%); (3) death unrelated
to catheter insertion in 19 out of 149 patients
(13%); and (4) catheter-related infections in 10
out of 149 patients (7%).  During the study
period, no episode of death due to catheter-related
infections occurred among the 164 patients stud-
ied.  However, 2 out of 27 patients (7%) with
bloodstream infection expired at 690 and 400
days following catheter insertion, of disseminated
carcinomatosis and massive pulmonary
embolism, respectively.

Risk Factors for Catheter-Related
Bloodstream Infections

A univariate statistical analysis searching for
risk factors for the development of catheter-related
bloodstream infections in children with malignan-
cies was conducted (Table 3).  On logistic regres-
sion analysis, the following parameters emerged as
statistically significant risk factors for the develop-
ment of catheter-related bloodstream infections: a
prior catheter-insertion-site infection with S. epi-
dermidis(OR=3, 95% CI: 1.2 – 7.1, p=0.01), the
occurrence of mechanical catheter complications
(OR=4.1, 95% CI: 1.7 – 9.8, p=0.007) (Figure), and
a normal coagulation status of the patient (OR=6.7,
95% CI: 1.6 – 51.8, p=0.03).

Discussion

H-B catheters are widely accepted as an
effective means for vascular access over an

TABLE 2
Isolated Pathogens in Catheter-Related Infections

Pathogen Catheter-insertion-site Bloodstream

infections infections

Staphylococcus 30 (60) 15 (56)

epidermidis

Staphylococcus aureus 15 (30) 5 (18)
Escherichia coli 2 (4) 2 (7)
Pseudomonas aeruginosa 2 (4) 1 (4)
Klebsiella pneumoniae 0 (0) 2 (7)
Salmonella 0 (0) 1 (4)
Candida albicans 1 (2) 1 (4)

Values in parentheses represent %

Figure. Kaplan-Meier survival curves of H-B catheters with-
out mechanical catheter complications (open triangles and
solid black line) and H-B catheters with mechanical compli-
cations (gray squares and dashed line).  Survival curve indi-
cates percentage of catheters that remain infection-free over
time.  A catheter is withdrawn from the analysis when infec-
tion first occurs in the catheter.  Curves show statistically sig-
nificant difference (p=0.03 by log-rank test).
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extended time period in children with malignan-
cies.  However, their wide usage has been associ-
ated with the subsequent development of infec-
tious and mechanical complications (8 – 12).
Previous reports have documented an infectious
complication rate of 0.1 –0.7 per 1000 catheter-
days (12 – 20).  The present study demonstrates
that H-B catheters constitute a safe therapeutic
intervention in children with malignancies.  The
rates of catheter-insertion-site infections (1.4 per
1000 catheter-days) and catheter-related blood-
stream infections (0.75 per 1000 catheter-days)
were low and comparable to those previously
reported (2, 11, 14, 17).

Mechanical complications of H-B catheters
have been well recognized as potentially associated
with the development of bloodstream infections
(20 – 22).  The present study showed that mechani-
cal complications are associated with a 4-fold
increased risk for bloodstream infections as well as
for catheter-insertion-site infections.  The underly-
ing cause for such an association might be inflam-
mation following local trauma which predisposes
bacterial colonization and growth at the site.

The development of a prior catheter-insertion-
site infection was associated with a 3-fold
increased risk for subsequently developing a
bloodstream infection, especially when the colo-
nizing organism was a coagulase-negative staphy-
lococcus.  Biofilm, the thrombin sleeve around the

catheter, produced by the inflammatory reaction of
the organism, is the main site of staphylococcal
colonization (3).  Coagulase-negative staphylo-
cocci adhere to fibronectin and not to fibrin of the
biofilm (3, 23 – 29).  The ability of this pathogen
to colonize catheters is due to its prevalence on
the skin and its capacity to adhere to and degrade
catheter material, as well as to produce a self-pro-
tective glycocalyx substance or extracellular slime
(3, 23 – 29).  Microbial organisms such as slime-
producing coagulase-negative staphylococci
enhance their adherence by producing this glyco-
calyx material, which constitutes the microbial
substance of the biofilm.  Following the formation
of the biofilm around the catheter, the embedded
organisms are highly protected from antimicrobial
agents, neutrophils and macrophages (23 – 25).
Consequently, colonizing organisms can easily
pass to the bloodstream and cause bacteremia.
There is conflicting evidence regarding the value
of antimicrobial prophylaxis administered prior to
H-B catheter insertions (11, 30, 31).  All patients
in the present study had received prophylactic
agents intravenously prior to catheter insertion.

In the present study, patients with normal
coagulation status had a 7-fold higher risk for
developing a bloodstream infection, as compared
with patients with abnormal coagulation status.  A
possible explanation for this finding might be that
the reduced formation of the fibrin and fibronectin

TABLE 3
Univariate Analysis for Risk Factors for Catheter-Related Bloodstream Infections

Bloodstream Catheter-days Infection rate OR CI p
Infections /1000 catheter-days

N (%)

Age
≤3 years 6 (22) 8327 0.7 1.2 0.4 – 3.3 0.8
>3 years 21 (78) 27370 0.7 1.00

Sex
females 12 (44) 19057 0.6 0.9 0.6 – 1.5 0.5
males 15 (56) 16640 0.9 1.00

Mechanical
complications

yes 14 (52) 7561 1.8 4.1 1.7 – 9.8 0.001
no 13 (48) 28136 0.4 1.00

Coagulation status
normal 26 (96) 29559 0.9 6.7 1.6 – 51.8 0.02
abnormal 1 (4) 6138 0.2 1.00

Catheter colonization
yes 14 (52) 11099 1.3 2.9 1.2 – 6.9 0.01
no 13 (48) 24598 0.5 1.00

Neutropenia
yes 6 (22) 7936 0.7 0.9 0.4 – 2.1 0.5
no 21 (78) 27761 0.7 1.00

Disease
leukemia 19 (70) 22754 0.8 1.3 0.5 – 3.2 0.6
solid tumors 8 (30) 12943 0.6 1.00

* Comparisons were performed with Fisher’s exact test, OR=odds ratio; CI=95% confidence intervals.
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layer of the biofilm in patients with abnormal
coagulation status prevents bacterial adherence on
the catheter material (27 – 29).  Furthermore,
catheter clotting was more probable in patients
with normal coagulation status, predisposing them
to catheter-related bloodstream infections.

Despite the previously reported increased
bloodstream infection rate among patients
younger than three years of age, the present study
did not confirm these results (9).  A possible
explanation might be the small number of such
patients in the present study.  Moreover, in the
present study, febrile patients with H-B catheters
were found to be at significant risk for systemic
bacterial infections, regardless of their absolute
neutrophil count.  However, Hiemenz et al.
reported that the insertion of central venous
catheters was associated with a 10-fold increased
rate of bloodstream infection rate among patients
with normal absolute neutrophil counts as com-
pared to neutropenic patients (32).  Indeed, the
failure to reveal an association between neutrope-
nia and bloodstream infections supports the view
that H-B catheter insertion independently
enhances the incidence of bacteremia.

In the present study, no significant association
was documented between specific pathogens and
the risk of treatment failure after bloodstream
infections.  In previous studies, catheter-related
bloodstream infection with S. aureuswas associ-
ated with a higher risk of treatment failures and
therefore for subsequent need for catheter
removal (8, 33).

Factors that were significantly associated, in
the present study, with the development of
catheter-related bloodstream infections included a
prior catheter-insertion-site infection with S. epi-
dermidis, the occurrence of mechanical catheter
complications, and a normal coagulation status of
the patient.  It is suggested that in children with
malignancies, who develop an H-B catheter-
insertion-site infection, empiric antistaphylococ-
cal treatment should be prescribed in association
with avoidance of catheter manipulations.  An
interesting finding of the present study was that in
the majority of cases with catheter-related blood-
stream infections, catheter removal was not
required in order to control infection.  Antimicro-
bial treatment was highly effective and no child
died of catheter-related infection.

Limitations of our study were the exclusion
of patients with multiple H-B catheter insertions,
which may bias toward a more favorable outcome
of patients selected.  Future prospective studies
might be needed to investigate risk factors for
catheter-related bloodstream infection in this sub-

set of patients.  Additionally, the retrospective
methodology could not, with certainty, establish
direct causal relationships.

In conclusion, H-B catheters remain a safe
and effective tool in the management of pediatric
malignancies.  This finding implies the need to
recognize and properly manage risk factors for
bloodstream infections in children with malignan-
cies, in whom H-B catheters have been inserted.
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