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Abstract

Objectives: Evidence supporting collection of follow-up blood cultures for Gram-negative bacteremia is mixed. We sought to understand why
providers order follow-up blood cultures when managing P. aeruginosa bacteremia and whether follow-up blood cultures in this context are
associated with short- and long-term survival.

Methods: We conducted a retrospective cohort study of adult inpatients with P. aeruginosa bacteremia at the University of MarylandMedical
Center in 2015–2020. Kaplan-Meier survival curves and Cox regression with time-varying covariates were used to evaluate the association
between follow-up blood cultures and time to mortality within 30 days of first positive blood culture. Provider justifications for follow-up
blood cultures were identified through chart review.

Results: Of 159 eligible patients, 127 (80%) had follow-up blood cultures, including 9 (7%) that were positive for P. aeruginosa and 10 (8%) that
were positive for other organisms. Follow-up blood cultures were typically collected “to ensure clearance” or “to guide antibiotic therapy.”
Overall, 30-day mortality was 25.2%. After risk adjustment for patient characteristics, follow-up blood cultures were associated with a non-
significant reduction in mortality risk (hazard ratio, 0.43; 95% confidence interval, 1.08; P = .071). In exploratory analyses, the potential
mortality reduction from follow-up blood cultures was driven by their use in patients with Pitt bacteremia scores >0.

Conclusions: Follow-up blood cultures are commonly collected for P. aeruginosa bacteremia but infrequently identify persistent bacteremia.
Targeted use of follow-up blood cultures based on severity of illness may reduce unnecessary culturing.
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Gram-negative bacteremia is associated with high mortality.1

Although follow-up blood cultures are recommended in the manage-
ment of bacteremia due to Gram-positive organisms such as
Staphylococcus aureus, our understanding of their role in Gram-neg-
ative bacteremia is evolving.2 Early studies of Gram-negative bactere-
mia caused predominantly by Escherichia coli suggested that follow-
up blood cultures are rarely positive and do not correlate well with
clinical outcomes.3,4 Subsequent studies including larger samples of
patients with bacteremia due to other Gram-negative organisms have
demonstrated higher rates of persistent bacteremia and a potential
mortality benefit when follow-up blood cultures are collected.5,6 No
studies have focused exclusively on Pseudomonas aeruginosa.

Our institution has recently begun an initiative related to diagnos-
tic stewardship of blood cultures, including implementation of an

algorithm to guidewhen culturing is appropriate for fever in the inten-
sive care unit. Although infections due to P. aeruginosa are associated
with higher mortality than infections due to other Gram-negative
organisms,7 P. aeruginosamay be less likely than otherGram-negative
organisms, such as Serratia spp or Stenotrophomonas maltophilia, to
be associated with persistent bacteremia.6 With adequate source con-
trol, follow-up blood cultures may be unnecessary.8 To support diag-
nostic stewardship of blood cultures at our institution, we evaluated
the utility of follow-up blood cultures in cases of P. aeruginosa bac-
teremia by determining their positivity rate and association with
30-day mortality. In secondary analyses, we explored which patient
groups were most likely to benefit from follow-up blood cultures.

Methods

Study population

The cohort included all adult patients admitted to the University of
Maryland Medical Center between November 1, 2015, and January
1, 2020, with a blood culture positive for P. aeruginosa. Patients who
died or were discharged within 24 hours of the initial blood culture
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were excluded. For patients who had >1 hospital stay in which they
had a positive P. aeruginosa blood culture, only the first hospital stay
was included. This study was deemed exempt from review by the
University of Maryland Baltimore Institutional Review Board.

Data collection

Data were extracted from the electronic medical records of each
patient and supplemented with chart review. All data elements
extracted electronically were validated by chart review in a random
sample of 20 charts. The variables we investigated included demo-
graphic information (age, sex, race, and BMI), clinical characteristics
(source of bacteremia, presence of a Foley catheter or central line at
the time of the first positive blood culture), and components of the
Pitt bacteremia score (temperature, blood pressure, cardiac arrest,
mechanical ventilation, andmental status).9,10 The primary outcome
was time in days from the first positive blood culture to all-cause
mortality for up to 30 days of follow-up. A 30-day follow-up period
was chosen to capture clinical outcomes during the acute phase of
illness which might occur after hospital discharge. Mortality events
were identified through review of connected electronic health
records available on the Care Everywhere Network provided by
Epic and review of records fromCRISP, the designated health infor-
mation exchange for the state of Maryland.11 Individuals who did
not have documented follow-up at least 30 days after the index pos-
itive blood culture were censored at the time of last documented liv-
ing interaction with healthcare. Individuals who had documented
living interaction 30 days after the index positive blood culture were
censored at 30 days. A sensitivity analysis was performed using time
from the first positive blood culture tomortality within a 90-day fol-
low-up period as the outcome.

Source of bacteremia was determined by review of progress
notes from the infectious disease consultant or primary team.
Charts were independently reviewed by 2 members of the study
team (A.G. and J.B.) in sets of 10, with a third team member avail-
able for adjudication (A.H.). Once agreement between the 2
reviewers reached >90%, remaining charts were reviewed by a sin-
gle individual (A.G.). Documented justification for follow-up
blood culture was collected from the progress note of the infectious
disease consultant or primary team.

Definitions

Blood cultures were categorized as follow-up if collected>24 hours
and ≤7 days after the index positive, in accordance with the liter-
ature.3 In time-to-event analysis, the exposure of interest was a
time-varying binary variable representing the presence of fol-
low-up blood culture at a given time after the index positive blood
culture (time 0). Physician justification for follow-up blood culture
was defined by documentation of a reason for follow-up blood cul-
tures on the day before, day of, or day after collection. Baseline
health was represented using the sum of conditions present from
the Elixhauser comorbidity index as defined using International
Classification of Disease, Tenth Revision (ICD-10) codes.12

Hospital-onset bacteremia was defined by the index positive blood
culture occurring after hospital day 3. The Pitt bacteremia score
was calculated using the most abnormal values for each contribut-
ing element from the calendar day of the index positive blood cul-
ture. In multivariable analyses, Pitt bacteremia scores were
categorized as low (a score of 0), moderate (scores 1–4), and high
(scores≥5) based on thresholds from the literature used to indicate
severe infection.13 Antimicrobial resistance, selection of antibiotic
coverage, and use of empiric therapy were captured in a single

variable representing the number of days from collection of the
index positive blood culture to administration of effective antibi-
otic therapy. Antibiotics administered >24 hours before collection
of the index positive blood culture were excluded. In multivariable
analyses, days to effective antibiotic therapy was categorized into 4
levels based on whether effective antibiotics were started concur-
rently with the index blood culture (from 24 hours before until 3
hours after), within 1 day (3–24 hours after the index blood cul-
ture), within 2 days (24–48 hours after the index blood culture),
or after a delay of >48 hours.

Statistical analysis

Patient demographics and clinical characteristics were described
using means and standard deviations or frequencies and propor-
tions, as appropriate. Comparisons between patients who under-
went follow-up blood culture and those who did not were
performed using the Student t test or Wilcoxon rank-sum test
for continuous variables and Pearson χ2 test or Fisher exact test
for categorical variables. Logistic regression was used to evaluate
associations between predictors and binary outcomes, such as pos-
itivity of follow-up blood culture.

The cumulative incidence of mortality for each time-varying
follow-up blood culture group was presented using Kaplan-
Meier survival curves. The association between follow-up blood
culture collection and time to mortality within the period of fol-
low-up (30 days or 90 days) was modeled using Cox proportional
hazards regression while adjusting for confounding variables. To
explore the potential impact of follow-up blood cultures in patients
with different levels of severity of illness, heterogeneity of treat-
ment effect analyses were performed by including an interaction
term between follow-up blood cultures and Pitt bacteremia scores
in the Cox model.

In all time-to-event analyses, the presence of follow-up blood
culture was defined as a time-varying binary variable to account
for immortal time bias.14 We estimated 95% confidence intervals
(CIs) for hazard ratios (HRs) using robust standard errors.
Covariates included in the Cox model for risk adjustment included
age, baseline health in terms of number of conditions from the
Elixhauser comorbidity index, Pitt bacteremia score, presence of
immunosuppression, hospital-onset of index bacteremia, and days
from index positive blood culture collection to administration of
effective antibiotics. Statistical analyses were performed with
SAS version 9.4 software (SAS Institute, Cary, NC) and Stata/SE
version 16 software (StataCorp, College Station, TX).

Patient consent statement

This study was determined to be exempt from requirements for
patient consent by the Institutional Review Board of the
University of Maryland School of Medicine. A waiver of HIPAA
authorization for release of the private health information was
approved.

Results

Patient characteristics and follow-up blood cultures

In total, 180 patients with a positive P. aeruginosa blood culture
were identified, including 159 unique patients who met the inclu-
sion criteria and 127 patients (80% of 159) with at least 1 follow-up
blood culture (see Fig. 1 for patient flow diagram). Patients who
had follow-up blood cultures were similar to those who did not
(Table 1). All 23 patients whose bacteremia was attributed to an
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indwelling vascular catheter had follow-up blood cultures
obtained. Among them, 74.2% of patients received effective anti-
biotics within 24 hours of the index positive blood culture (median
time to effective antibiotics, 4.7 hours; IQR, 0.7–25.0). In addition,
>90% of patients were seen by an infectious disease consultant
within 48 hours of the index positive blood culture, regardless
of whether follow-up blood cultures were obtained.

The median number of follow-up blood cultures was 1 (maxi-
mum, 5). Themedian time to first follow-up blood culture was 52.0
hours (IQR, 32.5–100.9). Follow-up blood cultures were positive in
18 patients (14.2% of 127), including 9 cases of persistent
Pseudomonal bacteremia (7.1%). Follow-up blood cultures were
positive for Candida spp in 4 cases, Klebsiella pneumoniae in 3
cases, and other organisms in 4 cases. In unadjusted analyses, pres-
ence of a central line (OR, 0.78; 95% CI, 0.29–2.1; P= .20), depend-
ence on hemodialysis (OR, 1.35; 95% CI, 0.40–4.6; P = .63), Pitt
bacteremia score (OR, 0.89; 95% CI, 0.73–1.10; P = .29), and days
from index positive blood culture collection to administration of
effective antibiotics (OR, 1.22; 95% CI, 0.83–1.80 per 1-day
increase; P = .31) were not significantly associated with isolation
of a pathogen from follow-up blood culture.

Among the 94 patients with a central line present before onset
of bacteremia, 74 (79%) had their line removed during the 30-day
follow-up period, and 32 (34%) had their line removed before com-
pleting inpatient antibiotics. The median time to line removal was
63 hours (IQR, 23–192). Among 77 patients with follow-up blood
cultures, 30 (39%) had their central lines removed before follow-up
blood cultures were obtained. Of 30 patients with line removal
prior to follow-up blood culture, 3 (10%) were still bacteremic
at time of follow-up, compared with 7 (15%) of 47 patients whose
line remained in place (P = .533, χ2 test).

Reasons for obtaining follow-up blood cultures

A justification for follow-up blood cultures was documented in the
charts of 58 (45.7%) of 127 eligible patients (Fig. 2). The most

common justifications for follow-up blood cultures were to ensure
clearance (28 cases), to guide antibiotic therapy (16 cases), “repeat
until negative” (5 cases), and in response to fever (4 cases).
Justification for follow-up blood culture was associated with a pos-
itive overall impression of the patient’s condition in 20 cases, a neg-
ative impression in 31 cases, and no assessment of the patient’s
condition in 7 cases. Follow-up blood cultures to guide antibiotic
therapy (10 cases for negative impression, 3 for positive, 3 with no
impression) and fever (3 for negative impression, 0 for positive, 1
with no impression) were recommended more frequently in the
setting of provider concern. Follow-up blood cultures to ensure
clearance or to be repeated until negative were used equally regard-
less of providers’ overall impression of the patient’s condition.

Mortality among patients with and without follow-up blood
cultures

Unfortunately, 7 patients provided incomplete follow-up data
and were censored before 30 days of follow-up (see
Supplementary Appendix online for the characteristics of these
patients). Also, 40 patients (25.2%) died within 30 days of their
index positive blood culture, including 24 (18.9%) of 127 patients
who had follow-up blood cultures and 16 (50%) of 32 patients
without follow-up blood cultures. Mortality rates within the
30-day follow-up period were similar between patients whose fol-
low-up blood cultures were negative and positive (24.1% vs
33.3%; P = .40, χ2 testing).

Among those who died, median times from index positive
blood culture to death in the overall sample, patients with fol-
low-up blood culture, and patients without follow-up blood culture
were 6 days (IQR, 3–12), 9.5 days (IQR, 5.5–15), and 3.5 (IQR,
2–7), respectively. Kaplan-Meier survival curves for the 30-day fol-
low-up period are displayed in Figure 3. In unadjusted Cox regres-
sion, collection of follow-up blood cultures was not significantly
associated with risk of mortality (HR, 0.59; 95% CI, 0.26–1.32;
P= .20). After adjusting for age, baseline health in terms of number

N = 180

Patients with positive P. 
aeruginosa blood 

cultures

N = 21*

Excluded patients 

N = 159 

Patients with positive P. 
aeruginosa blood culture 
who fit inclusion criteria 

N = 32

Patients without a 
follow-up blood culture

N = 127 

Patients with at least one 
follow-up blood culture

N = 69

No explanation provided 
for why follow-up blood 
cultures were obtained

N = 58

Explanation provided for 
why follow-up blood 

cultures were obtained 

Fig. 1. Flow chart depicting patient selection (excluding explanation for obtaining FUBC). *Patients were excluded if they died or were discharged within 24 hours of first positive
blood culture, if they had a previous admission with a positive blood culture, or if the positive blood culture date preceded the admission date.
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of conditions from the Elixhauser comorbidity index, Pitt bactere-
mia score, presence of immunosuppression, hospital-onset of
index bacteremia, and days from index positive blood culture col-
lection to administration of effective antibiotics, follow-up blood
cultures remained nonsignificantly associated with risk of mortal-
ity (HR, 0.43; 95% CI, 0.17–1.08; P = .07) (see Supplementary
Appendix online for full model).

Follow-up blood cultures for patients with low, medium, and
high Pitt bacteremia scores

In risk-adjusted Cox regression, medium (HR, 4.81; 95% CI, 1.38–
16.8; P = .014) and high (HR, 15.6; 95% CI, 3.77–64.4; P < .001)
Pitt bacteremia scores were independently associated with increas-
ing risk of mortality relative to a Pitt bacteremia score of 0 (see
Supplementary Appendix online). The Kaplan-Meier survival
curves for patients with low, medium, and high Pitt bacteremia
scores are displayed in Figure 4. When comparing survival curves
by log-rank test without adjustment for confounding variables,

follow-up blood cultures were associated with increased survival
among patients with medium Pitt bacteremia scores (P =
.018) (Fig. 4).

Follow-up blood cultures were positive in 10 (21.7%) of 46
patients with Pitt bacteremia scores of zero, 6 (11.1%) of 54
patients with Pitt bacteremia scores 1–4, and 2 (7.4%) of 27
patients with Pitt bacteremia scores >4. Sources of infection for
patients with low, medium, and high Pitt scores are reported in
the Supplementary Material (online). Follow-up blood cultures
were positive for 2 of the 3 patients with low Pitt scores who died
within 30 days of their index blood culture, 3 of 10 patients with
medium Pitt scores who died within 30 days, and 1 of 11 with high
Pitt scores who died within 30 days.

Sensitivity analysis using 90-day period of follow-up

Kaplan-Meier curves for an extended period of follow-up are dis-
played in Figure 5. These curves were not significantly different by
log-rank test (P = .30). Follow-up blood cultures were not

Table 1. Description of Patients With Pseudomonas aeruginosa Bacteremia (N=159)

Variable

All Patients
(n=159)
No. (%)

Follow-Up Blood Culture
(n=127)
No. (%)

No Follow-Up Blood Culture
(n=32)
No. (%) P Value

Age, mean y (SD) 56.6 (16.3 56.9 (16.5) 59.3 (15.3) .21

Sex, male 94 (59.1) 76 (59.8) 18 (56.3) .71

Race

Black or African American 71 (44.7) 58 (45.7) 13 (40.6) .22

White 77 (48.4) 63 (49.6) 14 (43.8)

Hispanic 3 (1.9) 2 (1.6) 1 (3.1)

≥2 races 1 (0.6) 1 (0.8) 0

Declined to answer or unknown 7 (4.4) 3 (2.4) 4 (12.5)

BMI (mean, SD) 28.1, 7.2 28.3, 7.0 27.1, 8.1 .41

Elixhauser score (median, IQR) 5 (4–7) 5 (4–7) 4.5 (3–7) .48a

Immunosuppressant agents 90 (56.6) 69 (54.3) 21 (65.6) .25

Hemodialysis dependence 31 (19.5) 23 (18.1) 8 (25.0) .38

ICU care 73 (45.1) 60 (46.2) 13 (40.6) .57

Foley catheter 58 (36.5) 46 (36.2) 12 (37.5) .89

Mechanical ventilation 55 (34.8) 43 (34.1) 12 (37.5) .72

Central line 94 (59.1) 77 (60.6) 17 (53.1) .44

PITT bacteremia score, median (IQR) 2 (1–4) 2 (0–4) 3 (0.5–5.5) .16a

Hours from blood culture collection to effective antibiotics,
median (IQR)

4.7
(0.7–25.0)

4.1
(0.7–24.0)

6.4
(0.8–38.3)

.35a

ID consult <24 h after bacteremia 153 (95.6) 121 (95.3) 31 (96.9) .69

Source of bacteremia .001

Line related 23 (14.5) 23 (18.1) 0 (0.0)

Urinary system infection 17 (10.7) 13 (10.2) 4 (12.5)

Nonurinary intra-abdominal infection 27 (17.0) 14 (11.0) 13 (40.6)

Pneumonia 22 (13.8) 17 (13.4) 5 (15.6)

Multiple sources 6 (3.8) 6 (4.7) 0 (0.0)

Other 24 (15.1) 22 (17.3) 2 (6.3)

Unknown 40 (25.2) 32 (25.2) 8 (25.0)

Note. SD, standard deviation; IQR, interquartile range.
aMann-Whitney U test.
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significantly associated with risk of mortality in unadjusted Cox
regression (HR, 0.70; 95% CI, 0.34–1.44; P = .33) or adjusted
Cox regression (HR, 0.56; 95% CI, 0.25–1.27; P = .17).

Discussion

Unnecessary blood cultures can waste resources, complicate
patient follow-up, and, when positive for a contaminant, adversely
affect hospital quality metrics. In this cohort study of 5 years of
clinical data from a large medical center, follow-up blood cultures
for P. aeruginosa bacteremia were routine, but persistent bactere-
mia was infrequent. Follow-up blood cultures were not signifi-
cantly associated with improved mortality, though exploratory
analyses suggested a potential benefit when they were drawn for
patients with elevated Pitt bacteremia scores.

Strategies to improve use of follow-up blood culturesmay focus on
the underlying infectious syndrome, the pathogen, the adequacy of
treatment, or the patient’s condition. In this study, we focused on a
pathogen that has been identified as an independent risk factor for
breakthrough bacteremia and for which the evidence is limited.17

When persistent bacteremia was found to be infrequent, we per-
formed exploratory analyses to identify patients who might be most
likely to benefit from follow-up blood cultures, and we investigated
potential differences in impact associated with severity of illness.
We also explored the reasons why follow-up blood cultures were
being obtained and found that they were frequently reflexive, (“repeat

To ensure 
clearance

48%

To guide antibiotic 
therapy

27%

Repeat until
negative

9%

Febrile
7%

Other
9%

Provider Explanation for Obtaining 
follow-up blood culture

Fig. 2. Provider explanation for obtaining follow-up blood culture (N = 58).

Fig. 3. Kaplan-Meier survival curves for patients with and without follow-up blood
cultures within 30 days of follow-up. Note. BC, blood cultures. Postfubc indicates
status-post follow-up blood cultures.

 

 

Fig. 4. Kaplan-Meier survival curves for patients with and without follow-up blood
cultures, stratified by low, medium, and high Pitt bacteremia scores. Postfubc indi-
cates status-post follow-up blood cultures. Low Pitt bacteremia score was defined
by a score of 0. Medium scores were 1–4. High scores were ≥5.
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until negative”) rather than ordered in response to the patient’s
condition.

Repeat blood cultures have been identified as a potentially
unnecessary testing practice representing an opportunity for diag-
nostic stewardship.15 At our medical center, follow-up blood cul-
tures are collected in 4 of 5 cases of P. aeruginosa bacteremia.
Although others have reported similar rates of repeated cultures,6

medical centers vary, suggesting that approaches may be cultural
rather than evidence based.4,16 We suspect that follow-up blood
cultures are not necessary in all cases of P. aeruginosa bacteremia
but have been unable to reach a local consensus on how best to
de-implement this process. Thus, when consulted, infectious dis-
ease physicians continue to encourage collection of follow-up
blood cultures in many cases. Despite recent adoption of protocols
to reduce unnecessary “pan-culturing” in the intensive care unit,
these protocols explicitly permit repeat cultures to ensure
clearance.

Surprisingly, follow-up blood cultures were less frequently pos-
itive for patients with elevated Pitt scores. This finding may reflect
an increased frequency of line-related bacteremia among the
patients with low Pitt scores (see Supplementary Appendix online).
However, despite a lower positivity rate, follow-up blood cultures
were associated with a trend toward improved survival among
patients with Pitt scores >0. Although subgroups with medium
and high Pitt scores were small and clinical courses were hetero-
geneous, we suspect that follow-up blood cultures may support
effective clinical management of patients who are severely ill with
P. aeruginosa bacteremia. Positivity rate is often used as a proxy for
clinical utility, but blood cultures may provide clinical utility when
negative, particularly among the critically ill. Further investigation,
including ideally a larger sample of severely ill patients with pseu-
domonal bacteremia, is needed before the optimal context for use
of follow-up blood cultures can be identified.

Notably, follow-up blood cultures in our cohort were as fre-
quently positive for P. aeruginosa as they were for unrelated but
nonetheless clinically relevant pathogens. This finding may reflect
the high rate of early effective antibiotic therapy or may indicate
that P. aeruginosa bacteremia is a marker among hospitalized
patients for underlying predisposition toward severe infections.
Given that mortality was high (25.2%) regardless of whether

persistent bacteremia was present, the poor prognosis associated
with P. aeruginosa bacteremia may be attributable to host factors
in addition to acute illness.

This study has several limitations. First, we analyzed observa-
tional data from a single medical center, and our findings therefore
may not be generalizable to other clinical settings. However, in the
context of other single-center studies in the literature, these results
are meaningful. Second, though we adjusted for severity of illness
using the Pitt bacteremia score and baseline health using the
Elixhauser comorbidity index, our results are likely still susceptible
to residual confounding related to severity of illness. Third, most
follow-up blood cultures in our cohort were drawn within 72 hours
of the index positive blood culture. Thus, our results may not be
generalizable to clinical protocols that emphasize collection of fol-
low-up blood cultures later in the course of illness or at the con-
clusion of therapy. Finally, the retrospective design of this study
did not permit an evaluation of causal pathways. Rather, we were
limited to reporting associations only.

In this retrospective observational study, follow-up blood cul-
tures were not associated with clear or consistent benefit in either
short- or long-term outcomes. Follow-up blood cultures were fre-
quently drawn reflexively “to ensure clearance.” Diagnostic stew-
ardship initiatives can potentially reduce unnecessary culturing by
targeting follow-up blood cultures based on severity of illness.
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