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Background. There are limited data regarding clinical presentation
and management of Staphylococcus aureus central line-
associated bloodstream infection (CLABSI) in immunocompro-
mised cancer patients.

Methods. In this review, we evaluated 299 patients with 304
episodes of S. aureus-CLABSI between 2005 and 2011.

Findings. By multivariate analysis, the major predictors of
complicated S. aureus-CLABSI were septic shock, catheter site
inflammation, presence of peripherally inserted central catheter,
anti-cancer chemotherapy within 10 days, and persistent
bacteremia beyond 72 hours (P=0.02). A total of 67% of the
cases were defined as complicated. In the subset of patients who
were uncomplicated on presentation, patients receiving anti-
microbials =14 days had similar rates of relapse, attributable
mortality, and development of complications compared to
those receiving shorter-course therapy. By competing risk
analysis, removal of the catheter within 3 days of the onset of
bacteremia was associated with a lower relapse rate at 90 days
(P=0.024).

Interpretation. The majority of S. aureus-CLABSI in cancer patients
are complicated and require prolonged course of antimicrobial
treatment. Early removal of the catheter within the first 3 days is
associated with better course. In patients with prompt removal of
the catheter and no evidence of a complicated course, treatment
beyond 2 weeks may not be necessary.

Key words: Cancer, CLABSI, complications, management,
Staphylococcus aureus

Introduction

Central venous catheters (CVCs) are essential in the management
of cancer patients for administering chemotherapy, blood pro-
ducts, and necessary intravenous drugs. However, the leading
complication of CVCs is central line-associated bloodstream in-
fection (CLABSI), which is associated with substantial morbidity
and mortality, especially in cancer patients (1). National surveil-
lance reports have shown that Staphylococcus aureus is the second

o For uncomplicated S. aureus-CLABSI, early removal of the
catheter is associated with a better outcome.

leading cause of CLABSI (2). The mortality rate in cancer patients
with S. aureus-CLABSI is 25%-30%, and more than 50% of
patients develop hematogenous complications (3). Moreover, the
presentation and outcome of any infection, especially S. aureus-
CLABSI, vary according to risk factors.

Despite the significant impact of S. aureus-CLABSI in cancer
patients, there are limited data regarding its appropriate manage-
ment (3-6). For example, the latest Infectious Diseases Society
of America (IDSA) guidelines of intravascular catheter-related
infections acknowledged the paucity of evidence to determine the
optimal duration for the treatment of S. aureus-CLABSI derived
from large randomized clinical trials (7). The guidelines recom-
mend removal of the catheter, without specifying the timing, and
also suggested a prolonged antimicrobial therapy for S. aureus-
CLABSI in cancer patients (7). A shorter duration (minimum of
14 days) was suggested to treat non-immunocompromised and
non-neutropenic patients (7).

Ghanem et al. evaluated 91 cancer patients with S. aureus
catheter-related bacteremias and suggested a prolonged duration
of treatment (more than 2 weeks of anti-staphylococcal intra-
venous therapy) given the high rate of complications but failed
to specify the duration of treatment or the timing of the
catheter removal (3). Hence, the management of cancer patients,
particularly those with neutropenia, has not been well studied.
To address this knowledge gap, we sought to define the clinical
manifestations of S. aureus-CLABSI, to identify predictors of
a complicated course, and to evaluate the management as far
as optimal duration of treatment and timing of catheter removal
in a large cohort of cancer patients, including patients with
neutropenia.
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Methods

Study design and patients

We conducted a retrospective chart review of all patients who had
S. aureus-CLABSI between January 2005 and December 2011 at
The University of Texas MD Anderson Cancer Center (Houston,
TX, USA). Staphylococcus aureus-CLABSI episodes were selected
from a database of S. aureus bacteremia that is prospectively
maintained by infection control personnel. The Institutional
Review Board at MD Anderson approved this study and waived
the requirement for obtaining informed consent.

Data collection

Clinical and microbiological data were retrieved from the
comprehensive electronic medical records with a follow-up
period of 3 months following the onset of the bacteremia. Patients
with polymicrobial bacteremias were excluded. We also excluded
patients with evidence of S. aureus pneumonia at the time of
bacteremia since it would be difficult to establish a causal
relationship.

Definitions

CLABSI was defined per the Centers for Disease Control and
Prevention criteria (8). Specifically, patients with a CVC that was
present at least 48 hours before the onset of bacteremia were con-
sidered to have S. aureus-CLABSI if they had at least one positive
blood culture for S. aureus and they had no identifiable source
of infection other than the catheter (8). Staphylococcus aureus-
CLABSI episodes were considered uncomplicated at presentation
if the patient lacked all of the following criteria: 1) retained foreign
body (other than the CVC); 2) evidence of infective endocarditis
or deep-seated infection within the first 7 days of bacteremia; 3)
persistent fever or bacteremia beyond 72 hours of the initiation

of adequate therapy (Figure 1). For this classification, we only
included the episodes with documented repeat blood cultures
obtained within the first 72 hours of bacteremia onset. If the
patient did not have any of the factors listed and had no repeat
blood cultures drawn, then the episode was labeled as undeter-
mined on presentation. Sepsis and septic shock were defined per
established guidelines (9). A complicated outcome was defined
as the occurrence of any of the following during the 3-month
follow-up period: deep-seated infection, relapse, or attributable
mortality. Deep-seated infections included any of the following
complications that occurred during the follow-up period and
were confirmed by radiology and/or culture result with the same
antibiogram: endocarditis, septic thrombosis, septic arthritis,
deep-tissue abscess, epidural abscess, psoas abscess, meningitis,
osteomyelitis, and septic pulmonary emboli. Attributable mortal-
ity was defined as clinical or microbiological evidence of infection
at the time of death. A new episode of S. aureus bacteremia was
considered a relapse if the organism had the same antibiogram as
the first isolate and the bacteremia occurred within the 3-month
follow-up.

Statistical analysis

Continuous variables were compared between groups using the
Wilcoxon rank-sum test, and the association between the cate-
gorical variables and the groups was assessed by Fisher’s exact test.
To assess the binary outcome (complicated course), multivariate
logistic regression was used to assess the effects of potentially
important risk factors. For each fitted logistic regression model,
non-significant variables in univariate analyses were eliminated
using a cut-off P value of <0.1.

In addition, the cumulative incidence curves of relapse were
estimated and compared between patients who got early cath-
eter removal and those who did not in a competing risk analysis

SA-CLABSI
N=304

1. No retained foreign body

2. No deep seated infection within 1wk
3. Fever Resolution< 72 hrs

4, Bacteremia eradication<72 hrs

Uncomplicated
Presentation

N=68

I

Complicated
Presentation

N=168

Undetermined
Presentation

N=68

|

Presence of any of the following on f/u:
1. Deep seated infection> 1wk

2 Relapse

3. Attributable mortality

|

Complicated
Outcome

N=18

Presence of any of the followingon f/u

1. Deep seated infection> 1wk
2. Relapse
3. Attributable mortality

|

Complicated
Outcome

N=18

Figure 1. Classification of S. aureus-CLABSI.



using death as a competing event. All tests were two-sided tests
with a significance level of 0.05. The competing risk analyses
were performed using the statistical software R version 2.15.0 (R
Development Core Team, 2008), and all other statistical analy-
ses were performed using SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA).

Results

Patients’demographic and clinical data

The charts of 762 patients with indwelling CVCs who had
S. aureus bacteremia were reviewed. We identified 299 patients
with 304 episodes of S. aureus-CLABSI. Patients’ characteristics
and clinical presentation are outlined in Table I. At the time of
presentation, fever was absent in nearly one-third of the pa-
tients, and only 28% had signs of inflammation at the catheter
site. Furthermore, 38% of the afebrile patients and 31% of the
patients without catheter site inflammation had received steroids
within the last week prior to the bacteremia. Of all the S. aureus
isolates recovered, 47% were methicillin-resistant, and 51% had
a vancomycin minimum inhibitory concentration (MIC) of
2 ug/mL. Transthoracic echocardiography (TTE) was performed
for half of the episodes (51%), and transesophageal echocardiog-
raphy (TEE) was subsequently performed for 29 episodes (10%).
Follow-up blood cultures within 72 hours of bacteremia were
available for 177 episodes (58%). On presentation, 168 episodes
were complicated (Figure 1). The remaining episodes were clas-
sified as uncomplicated (68 episodes) or undetermined presenta-
tion (68 episodes), with a complicated course later identified in
36 episodes on follow-up. A total of 67% of S. aureus-CLABSI
in our cancer population was eventually defined as complicated

Table 1. Patients” characteristics and clinical presentation.

Demographics and clinical presentation n =304 (%)
Median age (range), years 58 (0.4-92)
Male sex 188 (62)
Malignancy
Solid 147 (48)
Hematological 157 (52)
Foreign body 27 9)
Intravascular (pacemaker, graft) 8 3)
Extravascular 19 (6)
Steroids 98 (32)
Diabetes mellitus 45 (15)
MRSA 144 (47)
Neutrophils < 500 69 (23)
Vancomycin
MIC <2 pg/mL 150 (49)
MIC =2 ug/mL 154 (51)
Catheter
PICC 141 (46)
CvVC 102 (33)
Subcutaneous port 50 (16)
Others 11 (5)
Temperature (°C)
36-38 65 (21)
=36 29 (10)
=38 210 (69)
Sepsis
No sepsis 74 (24)
Sepsis 177 (58)
Severe sepsis 27 9)
Septic shock 26 9)
Catheter site infection 83 (28)

CVC = central venous catheter; MIC = minimal inhibitory concentration;
MRSA = methicillin-resistant  Staphylococcus aureus; PICC = peripherally
inserted central catheters.
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(either on presentation or upon follow-up). Relapse occurred in 28
episodes, and a total of 148 deep-seated infections were identified
in 146 patients (Table II).

S. aureus-CLABSI complicated course

Almost half of S. aureus-CLABSI episodes were identified with
a complicated course with relapse, deep-seated infection, and
attributable mortality (Table II). By univariate analysis there was
no association between the development of relapse, deep-seated
infection, and attributable mortality and any of the following:
underlying malignancy, diabetes, steroid use, methicillin
susceptibility, MIC of vancomycin, fever, neutropenia, platelet
count, route of antibiotic administration, the time to the ini-
tiation of antibiotic therapy, a vancomycin-based regimen, a
linezolid-based regimen, and persistent fever beyond 72 hours
(data not shown). Only septic shock, peripherally inserted
central catheters (PICCs), local inflammation at catheter site,
anti-cancer chemotherapy administration within 10 days af-
ter the onset of bacteremia, and persistent bacteremia beyond
72 hours were statistically significant for a complicated course
in both univariate and multivariate logistic regression (P = 0.02)
(Table III).

Uncomplicated S. aureus-CLABSI subpopulation

Among the episodes with documented repeat blood cultures
within 72 hours, a total of 68 episodes were uncomplicated at
the time of presentation (Figure 1). The median duration of
treatment in this population was 15 days (range 4-55 days).
During the follow-up period, a complicated course was observed
in 18 episodes as follows: 9 relapses, 4 attributable mortalities,
and 6 deep-seated infections (2 deep-tissue abscesses, 2 septic
thrombosis, 1 osteomyelitis, and 1 septic pulmonary emboli).
One episode had both osteomyelitis and attributable mortality.
In an attempt to evaluate the impact of a prolonged therapy on
outcome in this subpopulation of patients with uncomplicated
presentation, we compared patients treated for 14 days or less
to those treated beyond 14 days. In this subpopulation, there
was no statistically significant difference between the two treat-
ment groups with respect to relapse, attributable mortality, or
development of a complicated course (P>0.99, P=0.33, and
P =0.94, respectively). Further analysis showed no statistically
significant difference with respect to outcome in patients treated
for 10-14 days compared with those treated longer than 14 days
(data not shown).

Table II. Clinical course and outcome of S. aureus-CLABSI.

QOutcome n=304 (%)
Defervescence at 72 hours?® 146/210 (70)
Eradication of bacteremia at 72 hours® 133/177 (75)
Relapse 28 9)
Infective endocarditis 17 (6)
Septic thrombosis 73 (24)
Deep-tissue abscess 15 (5)
Epidural abscess 3 (1)
Meningitis 1 (0.3)
Psoas abscess 1 (0.3)
Septic arthritis 3 (1)
Osteomyelitis 5 2)
Pulmonary septic emboli 30 (10)
Overall 3-month mortality 73 (24)
Attributable mortality 29 (10)

aDefervescence was evaluated only in the 210 episodes with fever on
presentation.

bBacterial eradication was evaluated only in 177 episodes with documented
repeat blood cultures.
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Table III. Risk factors for complicated S. aureus-CLABSI course on multivariate analysis.

Uncomplicated Complicated
course course Univariate Multivariate analysis
Risk factors n=158 n=146 analysis P value OR CI P-value
Sepsis
No sepsis 43 31 0.01
Sepsis 96 81 1.01 (0.55-1.87) 0.97
Severe sepsis 13 14 1.37 (0.51-3.70) 0.53
Septic shock 6 20 4.42 (1.43-13.65) 0.01
Catheter type
PICC 62 79 0.01 1.88 (1.13-3.13) 0.02
Non-PICC 96 67
Catheter site inflammation
Yes 30 53 0.01 2.00 (1.12-3.58) 0.02
No 128 93
Chemotherapy within 10 days after the onset of bacteremia
Yes 9 21 0.02 3.12 (1.24-7.87) 0.02
No 147 125
Persistent bacteremia for >72 h
Yes 36 53 0.01 1.95 (1.10-3.45) 0.02
No 122 93

CLABSI = central line-associated bloodstream infection; CI = confidence interval; OR = odds ratio; PICC = peripherally inserted central catheter.

Catheter management

The CVC was removed or exchanged within 7 days of the onset of
bacteremia in 66% of the episodes of S. aureus-CLABSI. A higher
rate of relapse was observed in patients whose CVC was retained
beyond 3 days compared to those whose CVC was removed or
exchanged within the first 3 days from the onset of bacteremia
(12.7% versus 4.7%; P=0.017).

Furthermore, by competing risk analysis using death as a com-
peting event, as patients who die could not relapse after death,
patients whose CVC was removed beyond 3 days or retained had
a higher probability for relapse compared to those whose CVC
was removed within the first 3 days from the onset of bacteremia
(P=0.024) (Figure 2).

Discussion

This is the largest study evaluating S. aureus-CLABSI in cancer
patients, including neutropenics, addressing multiple aspects of
management in this patient population including clinical presen-
tation, risk factors for a complicated course, optimal duration of
therapy, and timing of catheter removal.
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Figure 2. Estimated cumulative incidence curves of relapse of S. aureus-
CLABSI by competing risk analysis with death as the competing event
(P=0.024).

Interestingly, the clinical presentation of S. aureus-CLABSI in
the cancer population may be similar to what has been previ-
ously reported in non-cancer patients, where local inflammation
is uncommon and clinical findings are unreliable for the diag-
nosis of CLABSI (7,10). Nearly one-third of our cancer patients
lacked fever at presentation, and nearly 72% of episodes did not
present with inflammation at the catheter site. It is important to
note that 26% of the latter group had neutropenia. Thus, physi-
cians caring for patients with cancer need to have a high index
of suspicion in order to make a timely diagnosis of S. aureus-
CLABSI. We speculate that the immunocompromised state of
cancer patients inhibits their ability to mount an adequate in-
flammatory response, thereby making their clinical presentation
more subtle (11). In addition, steroid use in this population can
suppress the inflammatory response. In fact, in this study, 38% of
the afebrile patients and 31% of the patients with no catheter site
inflammation had received steroids. Nevertheless, catheter site
inflammation was a predictor of a complicated course on both
univariate and multivariate analysis. Therefore, cancer patients
who, despite their low immunity, show local site inflammation
should be considered at high risk of developing complications
as even subtle signs of inflammation may suggest a high burden
of disease.

Our study showed that persistent bacteremia beyond 72 hours
is a predictor of complicated outcome. This finding is consistent
with the results of a large study by Fowler et al., who showed that
a positive blood culture at 48-96 hours is a strong predictor of
complicated S. aureus bacteremia (12).

Another strong predictor of a complicated course in the Fowler
et al. study was a persistent fever at 72 hours (12), which was
not demonstrated in our study. The implication is that, in our
cancer patient population, one should be critical in evaluating
fever and its absence, since fever can be caused by non-infectious
causes like tumor fever and necrosis, and it can be masked by
various agents such as steroids. Moreover, given their suppressed
immunity, cancer patients may not be able to mount an adequate
inflammatory response (11). Therefore, our findings suggest that
in cancer patients with S. aureus-CLABSI, fever (and its persis-
tence) may not be the best parameter to predict outcome and
hence we need to rely on the resolution of bacteremia rather than
defervescence.

In our study, we found that administration of anti-cancer
chemotherapy within 10 days after the onset of bacteremia was



also a risk factor for the development of a complicated course.
We observed that 87% of those patients received anti-cancer
chemotherapy within the first 48 hours following the bacter-
emia. In most of these patients, chemotherapy could have been
administered before obtaining the result of the blood culture or
after the patient became afebrile following few days of adequate
antimicrobial therapy. This is an important medical challenge
that we face with cancer patients, whereby there are no recom-
mendations as to when anti-cancer chemotherapy should be
administered after the onset of S. aureus bacteremia and ini-
tiation of appropriate antimicrobial therapy. Therefore, before
administering anti-cancer chemotherapy to cancer patients with
suspected or proven S. aureus-CLABSI, especially those who
are receiving steroids, it may be prudent to defer anti-cancer
chemotherapy for 10 days and make sure that the repeated blood
cultures are negative.

Our findings also highlighted PICC lines as a risk factor for
complicated courses. One explanation could be that available
PICCs are not antibiotic-impregnated. Another explanation is
related to the mechanical complications associated with their
insertion, including PICC-related venous thrombosis (13-18).
Wilson et al. showed a higher risk of venous thrombosis with
PICCs compared with CVCs in patients admitted to a neurologi-
cal intensive care unit who were unlikely to receive anticoagula-
tion (OR 6.3, 95% CI 1.5-26.7; P =0.003) (17). Therefore, given
the tendency of PICC lines to be more frequently associated with
thrombosis and septic thrombosis of the veins in the setting of
CLABSI, it is not surprising that they are independently associ-
ated with a more complicated course.

Because the majority of our patient population with S. aureus-
CLABSI ultimately developed a complicated course, treating them
for a long duration might be prudent (4 weeks of systemic anti-
microbials). This recommendation is consistent with a previous
study at our institution that suggested the need for a prolonged
course of therapy given the high risk for deep-seated infections
in immunocompromised patients (3). However, a subset of pa-
tients who have no evidence of complications at presentation
or a subsequent complicated course could be treated for a short
course of antimicrobial therapy (14 days). The 2-week cut-off
in treating S. aureus bacteremia had been addressed in many
studies (18-22), butall had alow number of cancer patients. More
than two decades ago, Raad et al. suggested that antimicrobial
treatment duration of 14 days should be adequate for uncompli-
cated CLABSI occurring in low-risk patients (5). Based on our
findings as well as several other studies that support this finding,
we would suggest that in the subset population of patients who
have no evidence of complications at presentation and have no
risk factors for a complicated course (such as septic shock, PICC
line, anti-cancer chemotherapy administered within 10 days of
the bacteremia, catheter site inflammation, and persistent bacte-
remia beyond 72 hours) treatment duration beyond 2 weeks may
not be necessary.

In our study, early removal of the catheter within the first 3
days of bacteremia onset was associated with a lower relapse
rate on both univariate and multivariate analysis. Many previ-
ous studies have emphasized the importance of prompt catheter
removal in S. aureus-CLABSI (23-26). However, very few have
sought to determine the optimal time for catheter removal. The
latest Infectious Diseases Society of America guidelines recom-
mended removal of the catheter in S. aureus-CLABSI but did not
specify the timing (7). A previous study at our institution looked
at a cut-off of 48 hours and did not predict a correlation with the
development of intravascular versus extravascular complications
(3). Fowler et al. showed that each day’s delay of catheter removal
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from the onset of symptoms was associated with an increased
risk for hematogenous complication (OR 1.14; 95% CI 1.06-1.21)
in non-neutropenic patients with catheter-associated S. aureus
bacteremia (26). However, in patients with cancer, especially
those who are neutropenic or are receiving steroids, evaluating
the time of the onset of symptoms is difficult because most of the
patients are not able to mount an adequate inflammatory reac-
tion in response to infection. Our study suggests that in cancer
patients with S. aureus-CLABSI, removing the catheter within
3 days from the onset of bacteremia seems to be a reasonable
management target that may improve the outcome and decrease
the risk of relapse.

The current study has several limitations. Because of the ret-
rospective design of the study, the patients were not treated ac-
cording to a defined protocol. Thus, echocardiography, venous
duplex ultrasonography, and follow-up blood cultures were not
performed in all patients, and the true incidence of complications
may therefore have been underestimated. The use of steroids in
cancer patients is a confounder for the evaluation of fever and
its resolution. Nonetheless, this is the largest study of S. aureus-
CLABSI in cancer patients, and it provides new insight into its
management.

In cancer patients with S. aureus-CLABSI, the majority
developed complications and hence required a prolonged course
of treatment (4 weeks). Risk factors for a complicated course
are septic shock, PICC lines, catheter site inflammation, ad-
ministration of anti-cancer chemotherapy within 10 days of the
bacteremia, and persistence of bacteremia for more than 72 hours.
However, in the small subset of patients with uncomplicated
S. aureus-CLABSI at presentation and who did not have any of
the risk factors for a complicated course, treatment duration
beyond 2 weeks may not be necessary. Removal of the catheter
within 3 days of the onset of the bacteremia may be associated
with a better outcome. A large prospective randomized clinical
trial is needed to validate further these findings.

Declaration of interest: The authors report no conflicts of
interest.
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