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Abstract Responsible pathogens of chronic bone infec-
tions (CBI) are frequently resistant, requiring parenteral
antimicrobial therapy. Therefore, adverse effects may be
observed. We have determined the rate of adverse effects of
antimicrobial therapy for CBI in a retrospective study of all
patients receiving parenteral drugs via an implantable port.
Patients from one medical ward (n=89) and from one
surgical ward (n=40) between January 1995 and December
2005 were included in this study. The CBI included were
85 osteomyelitis (66%) and 44 prosthetic joint infections
(34%). The main group of pathogens was Gram positive
cocci (n=144; 65%). The total duration of antibiotic
treatment was 205±200 days, including 133±100 days for
parenteral therapy. Thirty-three catheter-related complica-
tions were observed in 27 patients (21%). All complications
led to hospitalization but none led to death. Twenty-one
antibiotic-related complications occurred in 18 patients
(16%), and one allergic reaction led to death. The mean
duration of follow-up was 290 days. Remission was
observed in 84 patients (65%). In multivariate analysis,
adverse effects were mostly observed in the medical
department. Adverse effects affect at least one third of the
patients treated for CBI with parenteral antimicrobial
therapy and are related to both the implantable port and
the antibiotic compounds.

Introduction

Chronic bone infections (CBI) are frequent due to the
increasing incidence of trauma and prosthetic surgery [1–3].
CBI are commonly related to more than one bacteria and/or
resistant pathogen(s), requiring several weeks of parenteral
antibiotic treatment [1, 2]. Outpatient parenteral antimicro-
bial therapy (OPAT) has proved to be as effective as in-
hospital treatment, but with reduced costs and improved
quality of life for the patients [4, 5]. Therefore, bone and
joint infections are among the leading causes of OPAT use
[4–8].

Central venous access devices are proposed for pro-
longed antibiotic therapy [5]. An international OPAT
registry based in Washington has been in place since
1997, gathering data from three countries (USA, UK, and
Italy) [7]. Substantial differences among practices exist
between countries, but overall, implantable ports are not
commonly used (<2% of the cases) in these three countries
[7]. In contrast, ports are of common practice in France for
CBI management [9].

Port-related complications have already been studied,
but mostly in oncology settings where ports are used for
sequential short periods [10]. The frequency of port-related
complications ranged from 0.1 to 1.6 per 1,000 catheter-
days [6, 11–13]. In contrast, ports are used continuously for
a long period in CBI. To the best of our knowledge, only
one prospective study has studied adverse effects in 39
patients benefiting from OPAT for CBI, and has found a
low rate of complications (5% allergy, no catheter-related
complication) [4]. In other studies, antibiotic-related com-
plications were associated with premature discontinuation
of the antimicrobial course in 3–10% of the cases, whereas
the rate of catheter-related complications was described in
around 10% of the patients [5, 9]. However, adverse-event
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rates largely vary according to the antimicrobial adminis-
tered and the type and duration of placement of the venous
access device [5, 11].

In our clinical practice, adverse effects due to ports and/
or antibiotic therapy seemed more frequent. Therefore, we
performed a retrospective study to measure catheter- and
antibiotic-related complication rates in all patients receiving
OPAT for CBI.

Patients and methods

This is a retrospective and descriptive study of all patients
receiving OPAT via an implantable port for a CBI between
January 1995 and December 2005 in two departments: one
medical ward (Infectious Diseases Department at Nice Teach-
ing Hospital) and one surgical ward (Orthopaedics Surgery
Department at Paris Ambroise Paré Teaching Hospital).

Patients were identified using computerised databases.
Chronic bone infections included osteomyelitis and/or pros-
thetic joint infections. All infections were bacteriologically
documented through bone biopsy.

The necessity of parenteral-administered antibiotics was
defined by the presence of multi-drug-resistant organisms or
allergy to the adequate oral antibiotic. All patients had an
implantable port. Modalities of maintenance were left at the
discretion of the teams. A physician specialised in infectious
diseases and knowledgeable about OPAT evaluated all
patients before and during therapy. Clinical monitoring was
coordinated between the physician and home-care nurses but
left at the discretion of the individual practitioner.

For each patient, demographic, epidemiologic and
microbiologic data, therapeutic modalities used and their
complications, and outcome were recorded when reviewing
the medical charts.

Antibiotic treatment

Treatment was managed by home-infusion companies
experienced in OPAT. Patients were seen at home every
day by a nurse. Antibiotic solutions were prepared by the
nurse at the patient’s home. Oral antibiotics (such as
fluoroquinolones or rifampicin) were used in addition to
parenteral antibiotics when required.

The type of antibiotic and duration of therapy (parenteral
and total durations) were recorded. Duration of parenteral
antibiotic therapy went from the first day the antibiotic was
given in the hospital until the last day it was given at home. A
course of antibiotic treatment included all antibiotics pre-
scribed for an infectious episode. Recurrence of the infection
could lead to another course of treatment for the same patient.
The total number of antibiotics (parenteral and oral) pre-
scribed for each patient was also recorded.

Complications of parenteral antibiotic treatment

Catheter-related complications and antibiotic-related com-
plications were recorded. A catheter-day was defined as the
use of a catheter for one day to deliver intravenous therapy.

Catheter-related complications were categorised as peri-
operative complications (pneumothorax and haemorrhage)
and long-term complications (infection, thrombosis con-
firmed by ultrasound and doppler, extravasation, migration
of the tip of the catheter, clotting). Infection of the catheter
was classified as pocket infection or catheter-related
bacteraemia/fungemia according to the literature [10, 11].

Antibiotic-related complications included complications
of parenteral-administered antibiotics only. In the Nice
Teaching Hospital, all charts were reviewed with a
pharmacology specialist when adverse effects related to
treatment were observed. Severity was scored according to
National Cancer Institute criteria [14].

Laboratory monitoring and surveillance of adverse effects

The frequency of blood specimens and follow-up visits to
the prescribing physician were determined on an individual
practitioner basis. Systematic laboratory data included total
leukocytes count, absolute neutrophil counts, platelet
counts, serum liver markers, and creatinine levels. Patients
were included only if they had laboratory data from the
beginning until the end of their course of treatment.

Clinical efficacy

Follow-up duration was defined as the number of days
between the last day of antibiotic therapy and the last
medical consultation. A patient was considered to be in
remission if he/she did not have any symptoms at the last
available consultation. Treatment failure was defined by
recurrence or persistence of symptoms despite antibiotic
therapy.

Statistical analysis

Statistical analysis was performed using SPSS software
version 11 (SPSS Inc., Chicago, IL). Univariate analysis
was performed using the chi-square test and nonparametric
Mann-Whitney test when appropriate. Multivariate analysis
used multiple logistic regression. A two-sided P<0.05 was
considered statistically significant.

Results

One hundred twenty-nine patients were included in this
study. Mean age (±SD) was 54±18 years, and there were 91
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males (71%). Eighty-nine (69%) were from the medical
department and 40 (31%) from the surgical department.

CBI included 85 osteomyelitis (66%) and 44 prosthetic
joint infections (34%). The most frequently infected sites
were leg (28%), knee (21%), hip (20%), and foot (10%).

The bone infection involved more than one bacterium in
64 (50%) cases. The bacteria identified were S. aureus (n=
75), coagulase negative staphylococci (n=47), streptococci
or enterococci (n=22), Pseudomonas aeruginosa (n=39),
and enterobacteriacae (n=29).

Antibiotic treatment

The mean (±SD) total number of antibiotics (parenteral and
oral) per patient was 4.1±2.1, representing 1.7±1.0 courses
of treatment per patient. The mean (±SD) total duration of
antibiotic treatment was 205±200 days, including 133±
100 days for parenteral therapy.

Sixty-one patients (47%) received parenteral-only anti-
biotic treatment. Total catheter-days were 16,742.

Parenteral antibiotics prescribed were vancomycin in 92
cases (71%), teicoplanin in 27 (21%), ceftazidim in 22
(17%), imipenem in 19 (15%), other beta lactams in 36
(28%), aminoglycosides in 30 (23%), and fosfomycin in 23
(18%) cases.

Surgical treatment

A total of 119 patients underwent surgery (92%). Patients
underwent on average 2.3±1.6 operations as part of their
surgical care for CBI.

Catheter-related complications

Thirty-three catheter-related complications were observed
in 27 patients (21%). Details of the catheter-related

complications are presented in Table 1. Catheter-related
complications occurred 100±79 (mean ± SD) days after
insertion of the port. All complications led to hospital-
isation, but none led to death. Complications led to
placement of a new catheter for 13 of 27 patients (48%).

Antibiotic-related complications

Twenty-one antibiotic-related complications occurred in 18
patients (16%). One patient died from an allergic reaction.
Details of the antibiotic-related complications are presented
in Table 2.

Clinical efficacy

Mean duration of follow-up was 290 days after the end of
antibiotic treatment. Remission was observed for 84
patients (65%). Treatment failure occurred for 27 patients
(21%), 13 requiring amputations. Two patients died, one
from an allergic reaction as indicated above, and a second
one from a cause unrelated to CBI. Twelve patients (9%)
were lost to follow-up and four are still under treatment.

Comparison between the two departments

Since some differences occurred between these two depart-
ments in terms of frequency of adverse effects, we

Table 1 Frequency of catheter-related complications

Complication Number (%) Complications/1000
catheter-days

Any complication 33 (26) 1.97
Peri-operative complications
Pneumothorax 2 (2) 0.12
Haematoma 1 (1) 0.06
Long-term complications
Infections 16 (12) 0.96
Pocket infections 4 (3) 0.24
Bacteraemia 8 (6) 0.48
Fungemia 4 (3) 0.24
Thrombosis 8 (6) 0.48
Migrations of the tip of
the catheter

2(2) 0.12

Catheter extravasations 2 (2) 0.12

Table 2 Frequency of antibiotic-related complications and severity
[14]

Antibiotic-related
complication, n=21

Responsible
antibiotic

Severity
score

Allergy, n=9 Vancomycin 4 (death)
Vancomycin 3
Vancomycin 2
Vancomycin 2
Vancomycin + Teicoplanin 2
Vancomycin + Teicoplanin 2
Teicoplanin 2
Ticarcillin 2
Ceftazidime 2

Nephrotoxicity, n=5 Vancomycin (+Aminoside) 3
Vancomycin 2
Vancomycin 2
Vancomycin 2
Aztreonam 3

Neutropenia, n=5 Vancomycin 4
Cefepim 4
Teicoplanin 3
Vancomycin 2
Vancomycin 1

Vestibular Toxicity, n=2 Vancomycin (+Aminoside) 1
Vancomycin 1
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Table 3 Univariate and multivariate analysis of risk factors for adverse effects linked to parenteral treatment

Predictors Adverse effects (%) Univariate analysis Multivariate analysis

n=45 (35) OR (95% CI) P OR (95% CI) P

Patients
Age (years)a 54.2 0.90 -
Female 14 (37) 1.13 (0.51–2.49) 0.76 -
Department
Paris 4 (10) 0.13 (0.04–0.40) <0.001 0.22 (0.06–0.74) 0.015
Bone infections
Prosthesis 15 (34) 0.95 (0.44–2.04) 0.89 -
S. aureus 30 (40) 1.73 (0.82–3.68) 0.15 1.11 (0.46–2.70) 0.82
CN staphylococcib 14 (30) 0.70 (0.32–1.51) 0.36 -
Pseudomonas aeruginosa 13 (33) 0.91 (0.41–2.00) 0.81 -
Treatment
Vancomycin 33 (36) 1.17 (0.52–2.62) 0.71 -
Teicoplanin 16 (60) 3.66 (1.52–8.83) 0.003 2.95 (1.02–8.54) 0.046
Aminoglycosides 11 (37) 1.11 (0.47–2.59) 0.82 -
Total antibiotic duration (days)a 274 0.02 1.01 (0.999-1.004) 0.24
Total parenteral antibiotic duration (days)a 142 0.51 -
Parenteral-only treatment 13 (21) 0.31 (0.14–0.66) 0.002 0.59 (0.22–1.55) 0.29
Total number of antibioticsa 4.5 0.11 0.99 (0.77–1.27) 0.91
Number of operationsa 2.4 0.76 -

a Mean
b Coagulase negative staphylococci

Table 4 Comparison between Nice and Paris departments using univariate analysis

Factor Nice Paris P
n=89 (%) n=40 (%)

Patients
Male gender 64 (72) 27 (67) 0.61
Age (years)a 57±19 47±15 0.005
Bone infections
Osteomyelitis 56 (63) 29 (72) 0.29
S. aureus 54 (61) 21 (53) 0.38
Pseudomonas aeruginosa 25 (28) 14 (35) 0.43
Treatment
Total antibiotic durationa (days) 242±219 126±120 <0.001
Total parenteral antibiotic durationa 145±117 107±90 0.04
Parenteral treatment only 30 (34) 31 (78) <0.001
Number of antibiotic courses 1.6±1.0 1.9±1.0 0.08
Total number of antibiotics prescribed 4.1±2.2 4.0±1.9 0.95
Number of operations 1.9±1.4 3.1±1.9 0.001
Number of ports implanted/patient 1.1±0.4 1.1±0.3 0.51
Total catheter-days 12,460 4,282 <0.001
Vancomycin 55 (62) 37 (93) <0.001
Teicoplanin 24 (27) 3 (8) 0.01
Ceftazidim 11 (12) 11 (28) 0.03
Catheter-related complications
Total number 24 (27) 3 (8)
Total incidence (/1000 catheter-days) 1.93 0.70 0.01
Infection
Number 15 (17) 1 (3)
Incidence 1.36 0.23 0.02
Antibiotic-related complications 17 (19) 1 (3) 0.02
Clinical efficacy
Follow-up duration 325±396 213±215 0.32
Remission 56 (63) 28 (70) 0.68

a Mean ± standard deviation
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performed a comparative analysis, which is presented in
Table 3. Multivariate analysis confirmed that adverse
effects were statistically related to the Nice department
and to the use of teicoplanine. Lastly, taking into account
these results, we compared the medical department (Nice)
to the surgical one (Paris, see Table 4). Because our study
was not specifically designed for that purpose, we con-
ducted an univariate analysis only. The main differences
were that patients were older in Nice and underwent fewer
operations, but antibiotic treatment durations were longer.
Catheter- and antibiotic-related complications were also
more frequent in Nice. However, it should be noted that the
rate of recovery was not different between these two
departments.

Discussion

Chronic bone infections are the second most frequent cause
of hospitalisation in our department after pulmonary
infections, representing 12% of admissions from July
2005 to April 2007. Due to the frequency of antibiotic-
resistant bacteria, parenteral therapy is widely used and
adverse affects should be considered.

Our study was performed in two different university
hospitals, involving a large number of patients with
confirmed CBI requiring an implantable port for prolonged
parenteral antibiotic therapy.

One hundred twenty-nine patients were included in an
11-year period. Adverse effects were frequent, involving at
least one third of the patients, and were made up of 33
catheter-related complications, including 16 infections, and
21 antibiotic-related complications among which 17 were
related to glycopeptides. To the best of our knowledge, this
is the second published report specifically describing
adverse effects of parenteral therapy for CBI. Adverse
effects appeared frequently and are potentially harmful as
measured through severity score according to National
Cancer Institute criteria [14].

The methodology used in previous studies is highly
variable, and comparisons are therefore difficult. As an
example, Hoffman-Terry et al. published adverse effects of
OPAT in 256 patients, but only 59% presented with CBI
[6]. Retrospective studies are the most frequent, and
probably only the most severe complications are reported
in the medical charts [15]. Therefore, large variations of
adverse effects is reported: allergic reactions are observed
in 4–12% of the patients [4, 6, 9], nephrotoxicity in 8–20%
[9], and neutropenia in 5–35% [9].

In published studies, OPAT rarely used ports [7, 8]. In
contrast, ports are regularly used in France. Our rate of
port-related complications is in line with previous studies
[6, 11–13].

In multivariate analysis, adverse effects also appeared
linked to glycopeptide use (Table 3), which requires intra-
venous perfusion. In line with this result, the univariate
analysis comparing Nice to Paris indicated that treatment
duration was related to drug adverse-effects (Table 4). Since
the optimal antibiotic therapy for CBI has not been
determined and the rate of recovery was not different
between these two departments, our study suggests the
possibility of reducing parenteral drug use and possibly the
duration of antibiotic treatment.

Adverse effects were recorded more frequently in Nice
than in Paris. That may reflect the role of our clinical
pharmacist, to whom all suspected drug adverse effects
have been referred for investigations for more than 20 years.
No such cooperation was in place in the surgical ward.
Also, physicians and associations of visiting nurses had
different line care and practices. One limitation of our study
in comparing these two departments is that comorbid
conditions such as diabetes or vascular diseases were not
recorded. The latter could explain the different rate of
adverse effects between medical and surgical departments.
In contrast, it has been reported that different ports
appeared without different complication rates [16]. Obvi-
ously, the impact of all these factors needs to be studied
prospectively.

Conclusion

Adverse effects related to parenteral antibiotic treatment of
CBI, using OPAT via a port, are frequent and related to
clinical practice. Our study highlights the need for
continuous monitoring of adverse effects and standardised
care for CBI.
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