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Abstract
We sought to quantify patient morbidity throughout Pseudomonas aeruginosa bloodstream infection
(PABSI) as a function of patient covariates. Individuals with PABSI were included in a retrospective,
observational, cohort study. Morbidity was quantified by serial Sequential Organ Failure Assessment
(SOFA) scores. Impact of active antimicrobial treatment was assessed as a function of changes in
SOFA scores as the dependent variable. A total of 95 patients with PABSI were analyzed. Relative
to baseline SOFA scores (day −2), scores following PABSI were increased by 37% on day 0 and
22% on day +2 but returned to baseline on day +7. Overall mortality was 37%, and mean length of
hospital stay (post-culture) was 16 days. Most patients were appropriately treated, with n=83 (87%)
receiving an active agent and n=61 (64%) receiving >1 agent. As a result, an effect of therapy on
morbidity was not observed. Advanced age and elevated baseline SOFA scores predicted increased
in-hospital mortality (p=0.01 and p<0.001, respectively) and morbidity at day +2 (p<0.05 and p<0.05,
respectively) and day +7 (p<0.05 and p<0.001, respectively). Neutropenia was also associated with
increased morbidity at day +2 (p<0.05). In treated PABSI, morbidity is highest the day of the
diagnostic blood cultures and slowly returns to baseline over the subsequent seven days. Age and
baseline severity of illness are the strongest predictors of morbidity and mortality. Since neither of
these factors is modifiable, efforts to minimize the negative impact of PABSI should focus on
appropriate prevention and infection control efforts.
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Introduction
Nosocomial bloodstream infections have become a common occurrence in modern medicine.
Over 250,000 of these infections occur annually in the United States at a rate of 1.5 to 6.8
events per 1000 central line days (Pittet et al., 1997; Edwards et al. 2007). In this setting,
Pseudomonas aeruginosa is a frequently identified pathogen, accounting for approximately
20% of nosocomial bloodstream infections caused by gram-negative bacteria (Wisplinghoff
et al., 2004). In addition to being common, P. aeruginosa bloodstream infections (PABSIs)
portend dire outcomes for patients. In a recent large multicenter study, PABSI was associated
with crude mortality rates of 39% in all patients and 48% in intensive care unit patients
(Wisplinghoff et al., 2004). Thus it is not surprising that investigators have devoted significant
effort to identifying factors and treatment options associated with improved survival.

Poor outcomes in P. aeruginosa infections have been associated with both microbial and host
factors. Bacterial attributes predisposing to mortality include a high degree of intrinsic
virulence (Roy-Burman et al., 2001; Hauser et al., 2002), widespread antibiotic resistance
(NNIS, 2004), and the fact that the organisms incur minimal fitness costs with multiple
resistance mutations (Hocquet et al., 2007). Host factors that have been associated with poor
outcomes include neutropenia, prolonged duration of bacteremia, pneumonic source, shock,
renal failure, and metastatic foci of infection (Bisbe et al., 1988; Hilf et al., 1989; Mallolas et
al., 1990; Chatzinikolaou et al., 2000; Micek et al., 2005; Lodise et al., 2007). A potentially
modifiable variable, time to active antimicrobial treatment, is of contemporary importance as
evaluations have demonstrated poorer outcomes with inadequate antimicrobial treatment
(Chamot et al., 2003; Kang et al., 2003; Micek et al., 2005; Lodise et al., 2007).

Despite an abundance of information on risk factors for mortality, relatively little is known
about the temporal course of PABSI. In particular, the morbidity of these infections over time
has not been carefully characterized, nor have the organ systems most affected by systemic P.
aeruginosa infection. Sequential Organ Failure Assessment (SOFA) scores have emerged as
a useful tool to quantify morbidity and predict mortality in critically ill patients (Vincent et al.,
1998). To better understand the dynamic nature of severity of illness during PABSI, we used
SOFA scores to quantify morbidity in a serial fashion throughout the infection. Morbidity,
mortality, and length of hospital stay were compared for patient and treatment variables to
identify risk factors for poor outcomes.

Materials and Methods
Study Setting and Design

In this retrospective cohort study, we examined hospitalized patients identified by blood
cultures submitted to the Northwestern Memorial Hospital (NMH) Microbiology Laboratory
that were positive for P. aeruginosa between August 1999 and January 2003. NMH is an 897-
bed academic medical center with a full range of clinical services. Patients were considered to
have PABSI if ≥1 blood culture grew this organism. Exclusion criteria were a previous positive
blood culture for P. aeruginosa as part of the study, incomplete documentation of medical care,
or patient age less than 16 years. Patients with polymicrobial bacteremia were included in the
study, but this variable was assessed as a covariate. This project was reviewed and approved
by the Northwestern University Institutional Review Board (IRB Project #0247-001).
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Inpatient electronic medical records, pharmacy and microbiology databases, and paper charts
were reviewed. Recorded patient demographics included age, race, gender, neutropenia, and
number of days from admission to the positive blood culture. Recorded characteristics of
bacteremia included the suspected source of infection and whether bacteremia was
polymicrobial. The following aspects of antimicrobial therapy were determined: active therapy
ever, active therapy within 2 days, time to active therapy, therapy with ≥2 active antibiotics
ever, time to therapy with ≥2 active antibiotics, class of active antibiotic, and number of active
agents. Outcomes included morbidity, length of hospital stay post-infection for survivors, and
in-hospital mortality. Morbidity was classified as component and composite SOFA scores on
day 0, day +2, and day +7.

Microbiology—Blood cultures from hospitalized patients were processed by the NMH
Microbiology Laboratory using the BACTEC® 9240 blood culture system (Becton Dickinson,
Sparks, MD), with each set consisting of aerobic and anaerobic cultures. Genus and species
identification of bacteria from positive cultures was performed by the Vitek II System
(bioMérieux, Balmes-les-Grottes, France) or manual biochemical assays when necessary.
Susceptibility testing was performed on all isolates by either the Vitek II or Etest (AB Biodisk,
Solna, Sweden) to determine minimum inhibitory concentrations (MICs). Antimicrobial agents
tested included piperacillin/tazobactam, ceftazidime, imipenem, meropenem, aztreonam,
levofloxacin, ciprofloxacin, amikacin, tobramycin, and gentamicin. MICs were categorically
interpreted according to Clinical and Laboratories Standards Institute (CLSI) guidelines (CLSI,
2007).

Definitions
Race was classified categorically as Caucasian, African-American, Asian, Hispanic, or other/
unknown. Neutropenia was defined as an absolute neutrophil count <500 per mm 3 (Hughes
et al., 2002). Polymicrobial bacteremia was defined as isolation of P. aeruginosa and an
additional bacterium from the blood at the time of the diagnostic blood culture. A separate
variable was created for polymicrobial bacteremia that excluded coagulase-negative
staphylococci. Nosocomial bacteremia was defined as bacteremia acquired after 72 hours of
hospitalization or in patients hospitalized at some point within the two weeks preceding the
diagnostic blood culture. For each patient, the bacteremia was classified as complex, catheter-
related, or other. Complex bacteremia was defined as bacteremia resulting from major organ
infections, soft tissue infections, abscesses, or any necrotic infection, as previously described
(Elting et al., 1997). Catheter-related infections were defined as PABSI with an intravascular
catheter in place and in the absence of another attributable source.

Only antibiotics given during the hospitalization were reviewed. Active therapy was defined
as therapy with at least one antibiotic to which the causative P. aeruginosa strain was
susceptible as classified by the CLSI guidelines (CLSI, 2007). Specific doses were not
reviewed, but all antibiotics were dosed by clinical pharmacists prospectively in an attempt to
optimize efficacy while minimizing safety concerns. Active treatment within two days was
defined as any active therapy administered within two calendar days of the collection of the
blood specimen that ultimately grew P. aeruginosa. Time to therapy with ≥2 active agents was
defined as the number of calendar days between collection of the blood specimen and the
administration of more than one active agent. Active antibiotics were classified into categories
of β-lactams, aminoglycosides, and fluoroquinolones.

Measures of Morbidity—Morbidity was quantified using SOFA scores (Vincent et al.,
1998). Baseline morbidity was defined by the SOFA score two days prior to the diagnostic
blood culture (day −2). Morbidity following PABSI was quantified by calculating SOFA scores
at the following times: the day of the diagnostic culture (day 0), two days after the diagnostic
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blood culture (day +2), and seven days after the diagnostic blood culture (day +7). To calculate
SOFA scores, the necessary laboratory and clinical data were collected from patients’ medical
records for the appropriate day. If multiple values were obtained on a given day, the most
abnormal value was used. If a value was missing from the day of interest, the measurement
from the nearest day was used in its place. If no values were available, the measurement was
assumed to be normal. Points were assigned for increasing degrees of failure of six different
organ systems: respiratory, coagulation, hepatic, cardiovascular, central nervous system, and
renal, as previously described (Vincent et al. 1998). Values were transformed into component
dysfunction scores from 0 (normal) to 4 (the most abnormal) for each organ system (Vincent
et al., 1998), thus providing a composite SOFA score between 0 to 24 points. Unless explicitly
stated, the main analyses assumed that all patients who died had the maximal SOFA score (24
points) from the time of death forward. Other analyses only looked at SOFA scores for
surviving patients. Length of stay post culture was used as a marker of morbidity; it was
calculated only for surviving patients. Mortality was defined as death during the hospital
admission.

Statistical Analysis
Data analysis was performed using Intercooled Stata, version 9.2 (Statacorp, College Station,
TX). Univariate analyses were performed on all data. Continuous variables were evaluated
with Students t-test, and categorical variables were evaluated with the Chi-square or Fisher’s
exact test where appropriate. The primary endpoint for estimation of morbidity after infection
was the change in SOFA score from day 0 to day +2 and day 0 to day +7. All tests were two-
tailed, and p-values less than 0.05 were considered statistically significant.

Multivariate analysis was performed as a hierarchical regression by constructing a model
consisting of variables commonly known or variables with a significant and plausible
relationship with morbidity/mortality. The order in which the blocks were entered was based
on theoretical or substantive considerations. The analysis included four separate hierarchical
regression models, one for each dependent variable. Morbidity was measured as the change in
SOFA score from day 0 to day +2 and day +7, and length of hospital stay post-bacteremia for
surviving patients. Mortality was assessed as a dependent variable. The models predicting day
0 to day +2 change in SOFA score, day 0 to day +7 change in SOFA score, and length of stay
post infection used ordinary least squares regression. The model predicting hospital death was
performed with a logistic regression. Variables were iteratively removed according to block
and significance level (p<0.05) until only variables with significant effects remained.

Actual model building was performed as follows: First, day −2 SOFA scores were forced into
the model as a baseline measure of morbidity, prior to infection. In the second step,
demographic factors were entered to control for exogenous patient characteristics. Insignificant
demographic variables were then iteratively removed until only the significant variables
remained. Because polymicrobial bacteremia, host neutropenia, and known nosocomial
infection can confound the effect of active therapy on morbidity/mortality, measures of those
parameters were entered third. Insignificant variables from the third step were then removed
until only significant variables remained. The use of specific active antibiotics (β-lactam,
aminoglycoside, and fluoroquinolone) was entered fourth. Finally, two variables of interest
(active therapy by day +2 and dual active therapy) were added last to determine whether they
had an impact beyond all other factors in the models.
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Results
Patient Characteristics

A total of 108 occurrences of PABSI were assessed for patient enrollment into the study.
Thirteen patients were subsequently excluded: 5 had incomplete medical records, 5 were less
than 16 years of age, and 3 had been previously enrolled in the study. The remaining 95 patients
with PABSI were analyzed. Patients had a mean age of 57.0 years, represented a number of
different races, and were evenly divided by gender (54% male) (Table 1). PABSI occurred
after a mean of 9.4 days of hospitalization. Few patients had catheter-related infections (12%);
the majority of bacteremias (51%) were complex, resulting from extensive tissue infections.
Twenty-seven percent of patients had polymicrobial bacteremia with secondary pathogens
other than coagulase-negative staphylococci.

Morbidity and Mortality of PABSI
The morbidity experienced by patients with PABSI was examined as a function of time. Since
patient drop-out due to mortality can bias the calculation of morbidity, only surviving patients
were included in this analysis at each time point. The mean baseline composite SOFA score
for all patients was 4.3 at day −2 (Table 1 and Fig. 1A). The composite SOFA score rose (i.e.
morbidity increased) by 37% at day 0, the day of the diagnostic blood culture, and remained
22% above baseline at day +2. By day +7, the composite SOFA score had returned to only 2%
above baseline. The component SOFA scores indicated that the majority of overall morbidity
was due to cardiovascular and respiratory compromise (Fig. 1B).

PABSI was associated with in-hospital mortality of 37% and, among surviving patients, a mean
length of hospital stay after onset of bacteremia 16 days. The rate of in-hospital deaths was
highest during the first day following the diagnostic blood culture, with subsequent deaths
occurring at a relatively constant rate over the next 40 days (Fig. 2).

Effect of Active Antimicrobial Therapy on Disease Severity—The administration of
antimicrobial agents active against the causative agent of bacteremia has been shown to impact
mortality in bacteremia (Vidal et al., 1996), so associations between this variable and outcomes
were examined. All together, 83 (87%) of the 95 patients received active therapy (defined as
at least one agent to which their P. aeruginosa isolate was susceptible); 22 (23%) received one
active agent, 49 (52%) received two active agents, and 12 (13%) received 3 active agents. Of
the 12 patients who did not receive active therapy, 3 (25%) were infected with P. aeruginosa
strains that were resistant to all tested antimicrobial agents, and 2 (17%) were infected with
strains resistant to all antimicrobial agents except aminoglycosides. Patients who received
active therapy and those who did not receive active therapy were similar in age and ethnicity
(data not shown).

As expected, the relatively small number of patients receiving inappropriate antimicrobial
therapy limited our ability to show an effect of therapy on outcomes. In bivariate analysis,
mortality did not differ between those who received active therapy and those who did not
receive active therapy (36.1% vs. 41.7%, respectively; p=0.76) nor was mortality affected by
receipt of dual active therapy (38.2% vs. 36.0%, respectively; p=0.83) (data not shown).
Additionally, receipt of active therapy by day 2 was not predictive of mortality (p=0.29) nor
was number of active antimicrobial agents analyzed as a continuous variable (p=0.72).

Since mortality is a rather crude measure of disease severity, we also examined the effect of
antimicrobial therapy on morbidity. No statistically significant associations were noted
between active or timely antibiotic therapy and SOFA scores (data not shown). However a
trend toward improved composite SOFA scores was noted in those patients who received active
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therapy between day 0 and day +2 compared to those who did not receive active therapy during
this time frame (1.0 vs. 2.4, respectively; p=0.28). Likewise a trend towards shorter mean length
of hospital stay following bacteremia was noted for those who received active therapy
compared to those who did not receive active therapy (15.3 days vs. 22.7 days, respectively;
p=0.30).

Multiple reports have linked aminoglycoside monotherapy with poor outcomes in PABSI (Hilf
et al., 1989; Kuikka et al., 1998; Chatzinikolaou et al., 2000). For this reason, we repeated our
analysis defining aminoglycosides alone or in conjunction with a second inactive agent as
inadequate therapy. Results were not significantly changed (data not shown).

Effect of Timing of Active Therapy on Disease Severity—Delay in administration of
appropriate antibiotic agents has also been shown to effect outcomes of bloodstream infections
(Kang et al., 2003; Lodise et al., 2003). For this reason, the timing of antimicrobial therapy in
our patient cohort was examined more directly. Patients generally were given active
antimicrobial therapy rapidly, with 77% receiving active therapy by day +2 (Fig. 3). Mean
times to active therapy and to therapy with ≥2 active agents were 1.6 days (SD 0.96 days) and
2.3 days (SD 1.52 days), respectively. Time to active therapy or time to therapy with ≥2 active
agents was not associated with changes in mortality, length of hospital stay after bacteremia,
or in SOFA scores between day 0 and day +2 (p= 0.41 and 0.43, respectively) or between day
0 and day +7 (p=0.71 and 0.39, respectively). Results did not appreciably change after
controlling for age and severity of illness at baseline (day −2). Additionally, active therapy
variables (any active therapy ever, dual active therapy ever, and number of active agents) and
time to active therapy variables (time to active therapy and time to ≥2 active agents) did not
appreciably impact the change in SOFA scores between day −2 and day +2 or day −2 and day
+7 when additional regressions controlled for covariates such as baseline SOFA score (data
not shown). Similarly, additional regressions on the change in SOFA score from baseline to
day 0, day +2, or day +7 as the dependent variable were largely unrevealing for baseline
predictor variables (data not shown).

Predictors of Morbidity and Mortality—We identified factors associated with mortality
and length of hospital stay in our cohort of patients with PABSI. Patients who ultimately
survived or died were similar in demographic variables but differed markedly in baseline
morbidity (Table 2). Bivariate analysis indicated that patients who eventually died had higher
respiratory, coagulation, liver, and cardiovascular SOFA scores at baseline than did patients
who survived (Table 2). Likewise patients who died had higher baseline composite SOFA
scores than patients who survived (6.5 vs. 3.0, respectively; p < 0.001). The probability of
hospital death escalated as a log-linear function across increasing values of baseline (day −2)
SOFA scores (Fig. 4). Length of hospital stay prior to bacteremia was also associated with
mortality, and an intravascular catheter as the source of bacteremia showed a trend towards
increased survival. Multivariate analysis was next performed to identify factors independently
(after controlling for confounders) associated with increased mortality with PABSI. Of the
factors listed in Table 2, only increased baseline severity of illness (p<0.001) and advanced
age (p=0.01) were independently predictive of mortality during the hospital stay (Table 3).
Only nosocomial bacteremia predicted length of hospital stay after PABSI (p=0.005).

Multivariate analysis was also performed to determine factors associated with increased
morbidity. Advanced age, neutropenia, and baseline severity of illness were each associated
with increased SOFA scores at day +2 relative to day 0 (p=0.033, p=0.029, and p=0.003,
respectively) (Table 3). Age and baseline severity of illness were associated with increased
SOFA scores between day 0 and day +7 (p=0.004 and p<0.001, respectively). Only nosocomial
bacteremia predicted length of hospital stay after PABSI (p=0.005). Variables affecting change
in SOFA from day −2 (baseline) to day 0 were assessed. After controlling for relevant
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covariates, no variables significantly predicted change in SOFA score between baseline and
the day of the diagnostic blood culture (data not shown).

Discussion
Numerous studies have demonstrated that PABSI is associated with high mortality rates,
documenting the virulence of P. aeruginosa in this setting. Mortality, however, is a crude
measure of a micro-organism’s ability to harm its host, since the majority of patients recover
from their illnesses. In this regard, it has been suggested that morbidity is a more sensitive
measure of disease severity (Petros et al., 1995). We used serial SOFA scores to measure the
morbidity associated with PABSI over time. SOFA scores have emerged as a useful tool to
quantify morbidity, to predict mortality, and have been validated in a variety of patient
populations, including bacteremia (Vincent et al., 1998; Ferreira et al., 2001; Pettila et al.,
2002; Routsi et al., 2007). In its ability to predict mortality, SOFA scoring has performed
comparably to other morbidity quantification methods such as the Acute Physiology and
Chronic Health Evaluation (APACHE) III score, Logistic Organ Dysfunction score (LODS),
and the Multiple Organ Dysfunction Score (MODS) (Pettila et al., 2002). Furthermore, SOFA
scoring can be applied sequentially to assess changes in morbidity over time (Ferreira et al.,
2001). We calculated SOFA scores at day −2 to quantify baseline patient morbidity rather than
assess a variable in the causal pathway of sepsis (McGregor et al., 2007). The impact of therapy
was measured from the earliest feasible time that most patients could receive antibiotics, the
day of the diagnostic blood culture (day 0). Subsequent changes in SOFA scores were then
followed to measure the impact of PABSI on morbidity.

SOFA scores in surviving PABSI patients rose from baseline to their highest levels on day 0
of bacteremia, decreased somewhat on day +2, and returned to baseline by day +7. The increase
in SOFA scores at day 0 and day +2 were largely driven by the respiratory and the
cardiovascular components, indicating that these organ systems are most affected when P.
aeruginosa is present in the bloodstream. These results indicate that in treated patients the
morbidity of PABSI is largely incurred during the first few days following infection.
Understanding the changing morbidity of patients relative to the course of the infection may
help future studies target appropriate endpoints.

Overall mortality among our patients was 37%. This relatively high proportion is especially
impressive given that most patients received prompt and active antimicrobial therapy.
Nevertheless, our mortality rate was similar to those reported in the literature for PABSI. For
example, Micek and colleagues reported an in-hospital PABSI mortality rate of 21% (Micek
et al., 2005). Likewise Kang et al., Chamot et al., and Lodise et al. reported 30-day mortality
rates of 39%, 39%, and 31%, respectively, associated with PABSI (Chamot et al., 2003; Kang
et al., 2003; Lodise et al., 2007). While a large number of deaths occurred during the first few
days following the diagnostic blood culture (Fig. 2) and likely were the result of the P.
aeruginosa infection, mortality remained high over the subsequent 40 days. It is less clear
whether these deaths are attributable to PABSI or underlying comorbid conditions. Our results
suggest that the largest driver of outcomes in PABSI is baseline morbidity as defined by day
−2 SOFA. As the baseline SOFA score approaches a value of 10, mortality is almost universal
regardless of age and active antimicrobial treatment (Fig.4). Our length of hospital stay
following PABSI for surviving patients was 16 days, which was also similar to previously
reported values of 10.5 to 23.9 days (Blot et al., 2003; Micek et al., 2005; Osih et al., 2007).
These findings underscore the continued poor outcomes associated with PABSI despite the
development of more potent antimicrobial agents and advances in clinical care.

Surprisingly the timing and activity of antimicrobial therapy did not affect morbidity or
mortality in our study. This finding was true in our bivariate comparisons even without
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controlling for the higher baseline morbidity in patients who did not receive active therapy.
The concept of the importance of prompt administration of appropriate antimicrobial therapy
is not unique to PABSI; multiple studies have addressed the timing of antibiotic therapy for
various pathogens and disease states (Harbarth et al., 2007). Likewise most (Chamot et al.,
2003; Kang et al., 2003; Kang et al., 2005; Micek et al., 2005; Lodise et al., 2007), although
not all (Vidal et al., 1996; Osih et al., 2007), investigations of PABSI support the need for early
active treatment. Contributing to our inability to detect an effect of antimicrobial therapy was
the fact that most of our cohort of patients received prompt and active antibiotics. Only 12
(12.6%) of the 95 patients failed to receive active therapy. More than half (52%) of patients
received active therapy within the first calendar day, and 77% of patients had active therapy
started by the second calendar day (Fig. 3). Since active therapy by 52 hours is an important
predictor of 30-day mortality in bacteremia (Lodise et al., 2007), most patients in our study
received optimal therapy. Hence, we had relatively constrained power to show a morbidity or
mortality difference between promptly given active therapies and delayed or inappropriate
therapies. For instance, the power of our study to detect even a large difference in mortality
between two groups (e.g. 20% difference between active therapy vs. inactive therapy) was
approximately 20%.

Multivariate analysis indicated that age and baseline severity of illness were associated with
mortality, suggesting that activity of initial antibiotics or time to active therapy for PABSI is
less important than these factors (Bryan et al., 1983; Marra et al., 2006; Scarsi et al., 2006;
Osih et al., 2007). However, it must be noted that the majority of evidence to date emphasizes
the importance of timely therapy and this remains a modifiable variable (Chamot et al.,
2003; Kang et al., 2003; Kang et al., 2005; Micek et al., 2005; Lodise et al., 2007). Our study
was limited by a relative lack of power in regards to assessing the importance of time to therapy
on outcomes. One must exercise caution in interpreting time to therapy results from our study
unless it is supported by future well designed studies.

Patients with pre-existing liver and respiratory compromise were particularly prone to death
from PABSI (Table 2). This is consistent with prior reports that acute and chronic liver failure
are associated with poor outcomes in bacteremia (Graudal et al., 1986;Rolando et al., 1990),
presumably because of the important role played by Kupffer cells in sterilizing the blood. In a
mouse model of P. aeruginosa bacteremia, ablation of Kupffer cells resulted in the loss of
bacterial clearance and subsequent organ failure and mortality (Ashare et al., 2006). Baseline
respiratory compromise was likely associated with mortality because P. aeruginosa bacteremia
caused a dramatic deterioration in pulmonary function (Fig. 2), and patients with pre-existing
pulmonary injury lacked sufficient respiratory reserve to withstand this insult.

Increased morbidity in PABSI was associated with age, baseline severity of illness, and
neutropenia in a multivariate analysis (Table 3). Other studies have also found that neutropenia
at onset of bacteremia or progression to neutropenia during therapy for bacteremia was
predictive of poorer outcomes in PABSI (Bodey et al., 1985;Hilf et al., 1989). These results
are consistent with animal studies demonstrating that neutrophils play a predominant role in
protecting the host from P. aeruginosa infection (Rehm et al., 1980;Terashima et al., 1995).
Thus factors beyond the control of the treating practitioner may predominantly impact the
outcomes of patients with PABSI and may explain the persistent morbidity and mortality
associated with these infections.

This study has several important limitations. First, it is a retrospective analysis of the experience
at a single center. Second, most patients promptly received active therapy, limiting our power
to detect associations between antimicrobial therapy and outcomes. Third, our analysis required
the many assumptions detailed in the manuscript. For instance, calculating morbidity scores
for patients who have died is problematic. Our main analysis assigned maximum morbidity
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scores to these patients as a form of censorship for subsequent times after death, although in
one of our analyses we only assessed morbidity for those that survived. To validate the
appropriateness of our numerous assumptions, we conducted sensitivity analyses by varying
the assumptions (e.g. assumed that the last documented SOFA score carried forward for all
time points for deceased patients, assumed that monotherapy with an active aminoglycoside
was considered sufficient treatment, etc.) and found similar results. This indicates that the
assumptions did not substantially influence our findings. Despite these limitations, our study
was conducted in a manner consistent with recent suggestions designed to standardize analyses
of associations between appropriate antibiotics and outcomes in bacteremic patients
(McGregor et al., 2007).

Morbidity associated with PABSI increases during the first few days of bacteremia and returns
to baseline by seven days. Morbidity and mortality are primarily influenced by baseline severity
of illness and age. Even with optimal antibiotic therapy, PABSI is associated with high
mortality, underscoring the need for appropriate preventative infection control measures.
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Figure 1.
Change in SOFA scores over time for surviving patients with PABSI. A. Composite SOFA
scores. B. Component SOFA scores. Only surviving patients are included in the analysis to
avoid drop-out bias from patients who died. Day −2, n=95; day 0, n=94; day +2,n=85; day +7,
n=79
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Figure 2.
In-hospital mortality over time of patients with PABSI. Time is measured from the day of the
diagnostic blood culture.
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Figure 3.
Time to active therapy among the cohort of 95 patients with PABSI. Time is measured from
the day of the diagnostic blood culture.
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Figure 4.
Probability of in-hospital death (y-axis) across values of SOFA scores (x-axis) at day −2. Data
are modeled as a log-linear function after controlling for age and active therapy.
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Table 1
Demographic and Clinical Characteristics of the Study Population

Variable All Patients
(n=95)

Age in Years, mean (SD) 57.0 (19.0)

Ethnicity (n, %)

  Caucasian 50 (52.6)

  African-American 15 (15.8)

  Asian 2 (2.1)

  Hispanic 6 (6.3)

  Other or Unknown 22 (23.2)

Gender, n (%)

  Male 51 (53.7)

Baseline Morbidity

  Composite SOFA Score at Day −2, mean (SD) 4.3 (0.4)

  Composite SOFA Score at Day 0, mean (SD) 6.1 (4.4)

Length of Hospital Stay Prior to Bacteremia, mean (SD) 9.4 (15.4)

Neutropenia, n (%) 17 (18.1)

Polymicrobial Bacteremia, n (%) 34 (35.8)

Polymicrobial Bacteremia excluding CNS*, n (%) 26 (27.4)

Catheter-Related Bacteremia, n (%) 11 (11.6)

Complex Bacteremia, n (%) 48 (50.5)

*
coagulase-negative staphylococci
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Table 2
Baseline Variables Stratified by Mortality

Variable
Survived
(n=60)

Died
(n=35) Significance

Age in Years, mean (SD) 55.6 (17.8) 59.4 (20.9) 0.341

Ethnicity (n, %)

  Caucasian 28 (46.7) 22 (62.9) 0.13

  African-American 12 (20.0) 3(8.6) 0.24

  Asian 0 (0) 2 (5.7) *

  Hispanic 3 (5.0) 3 (8.6) 0.67

  Other or Unknown 17 (28.3) 5 (14.3) 0.14

Gender, n (%)

    Male 36 (60.0) 15 (42.9) 0.11

SOFA score

  Day −2, mean (SD)

    Respiratory 0.2 (0.5) 1.1 (1.5) <0.001

    Coagulation 1.1 (1.4) 1.8 (1.3) 0.01

    Liver 0.5 (0.9) 1.3 (1.3) <0.001

    Cardiovascular 0.1 (0.3) 0.6 (1.3) 0.003

    Central Nervous System 0.3 (0.8) 0.5 (1.0) 0.24

    Renal 1.0 (1.2) 1.2 (0.2) 0.38

    Composite 3.0 (2.2) 6.5 (4.2) <0.001

  Day 0, mean (SD)

    Respiratory 0.8 (1.2) 2.2 (1.4) <0.001

    Coagulation 1.2 (1.5) 1.9 (1.5) 0.34

    Liver 0.5 (1.0) 1.4 (1.4) <0.001

    Cardiovascular 0.2 (0.6) 1.7 (1.7) <0.001

    Central Nervous System 0.3 (0.8) 0.8 (1.4) 0.04

    Renal 1.0 (1.2) 1.5 (1.3) 0.08

    Composite 4.1 (2.5) 9.5 (4.9) <0.001

Length of Hospital Stay Prior to
  Bacteremia, mean (SD)

5.7 (11.0) 15.6 (19.4) 0.002

Neutropenia, n (%) 8 (13.6) 9 (25.7) 0.14

Polymicrobial Bacteremia, n (%) 22 (36.7) 12 (34.3) 0.82

Polymicrobial Bacteremia excluding
  CNS**, n (%)

18 (30.0) 8 (22.9) 0.45

Catheter-Related Bacteremia, n (%) 10 (16.7) 1 (2.9) 0.05

Complex Bacteremia, n (%) 28 (46.7) 20 (57.1) 0.32

*
unable to calculate due to a zero value

**
coagulase-negative staphylococci
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Table 3
Multivariate Analyses of Patient Outcomes

Linear Regression Model Predicting Day 0 to Day +2 Change in SOFA Score

B
Std.
Error t Sig.

Day −2 SOFA 0.375 0.124 3.014 0.003

Neutropenia 2.409 1.086 2.218 0.029

Age 0.049 0.023 2.165 0.033

Adjusted R-square=0.129, p=0.001

Linear Regression Model Predicting Day 0 to Day +7 Change in SOFA Score

B Std. Error t Sig.

Age 0.091 0.030 2.983 0.004

Day −2 SOFA 0.667 0.166 4.009 <0.001

Adjusted R-square=0.164, p=0.001

Linear Regression Model Predicting Length of Hospital Stay Post Culture

B Std. Error t Sig

Healthcare bacteremia 12.238 4.203 2.912 0.005

Adjusted R-square=0.136, p=0.005

Logistic Regression Model Predicting Death during Hospitalization

Odds
Ratio
(OR)

95% CI for OR

Sig.

Day −2 SOFA 1.704 1.320 to 2.199 <0.001

Age 1.040 1.008 to 1.072 0.011
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