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Background. Performing repeat blood cultures after an initial positive culture (ie, follow-up blood cultures [FUBCs]) in
patients with gram-negative bacilli (GNB) bacteremia is controversial. We aimed to comprehensively review the association of
FUBCs with improvement in patient-relevant clinical outcomes in GNB bacteremia.

Methods. We performed a systematic review and random-effects meta-analysis to calculate summary effect estimates. We
used hazard ratios as the effect measure. The primary outcome was 30-day or in-hospital mortality, and secondary outcomes
were length of treatment and length of hospital stay. We searched PubMed, Embase, and Cochrane Central Register of
Controlled Trials (Central) without language restrictions from inception to April 29, 2022. Original clinical studies evaluating
the association between FUBCs and mortality in adult patients with GNB bacteremia were included. FUBC details were
reviewed. Two independent reviewers used the Risk of Bias in Non-randomised Studies of Interventions tool.

Results. We identified 9 eligible retrospective studies. In total, 7778 hospitalized patients with GNB bacteremia were included.
The studies were clinically heterogeneous and had a critical risk of bias. The utilization of FUBCs varied across studies (18%-89%).
Random-effects meta-analysis of covariate-adjusted estimates found that FUBC use was associated with reduced mortality.
Although not a result of the meta-analysis, lengths of treatment and hospital stay were longer for patients with FUBCs than for

those without. Adverse events were not reported.
Conclusions.

FUBC acquisition was associated with lower mortality and longer hospital stay and treatment duration in GNB

bacteremia. The risk of bias was critical, and no firm data were available to support mechanisms.
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Gram-negative bacilli (GNB) bacteremia is a common and po-
tentially fatal infection [1]. Despite receiving effective antimicro-
bial therapies, 20%-40% of patients die from GNB bacteremia [2,
3]. GNB bacteremia is a diverse clinical syndrome, ranging from
easily treatable urinary tract infections to endovascular infec-
tions, which tend to cause persistent bacteremia. Similarly, the
causative microorganisms range from pan-susceptible
Escherichia coli, for which bacteremia clearance is easy, to
difficult-to-treat Klebsiella pneumoniae carbapenemase (KPC)-

producing organisms and multidrug-resistant Pseudomonas
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aeruginosa. Therefore, a uniform approach to management car-
ries with it the risk of both under- and overtreatment regarding
the duration of therapy. Undertreatment is associated with a
worse prognosis, while overtreatment results in unnecessary
costs, prolonged treatment, and longer in-hospital stays.

Follow-up blood cultures (FUBC:s), that is, repeated blood cul-
tures performed after an initial positive culture, are common tests
in the management of patients with bacteremia in specific clinical
scenarios [4, 5]. By repeating blood cultures, clinicians can assess
the persistence of bacteremia and determine the appropriateness
and duration of ongoing antimicrobial therapy. When treating
Staphylococcus aureus bacteremia or candidemia, FUBCs consti-
tute part of standard management [4, 5]. However, routine
FUBC use in patients with GNB bacteremia is controversial [6],
as some observational studies have reported an association be-
tween this practice and lower mortality risk [7-9], while others
have shown an association with longer duration of hospital stay
and treatment [10, 11].

The associations of specific patient and test characteristics
with FUBC positivity rates have recently been extensively dis-
cussed [6, 12, 13]. We performed a formal systematic review
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and meta-analysis of available clinical data to examine the asso-
ciation between FUBC acquisition and clinical outcomes in pa-
tients with GNB bacteremia.

METHODS

We followed the Preferred Reporting Items for Systematic Review
and Meta-Analysis guidelines [14]. The protocol was registered
with PROSPERO (registration number: CRD42020183357).
Ethics review and patient consent are not required for systematic
reviews or meta-analyses.

Information Sources and Search Strategies

We searched the PubMed, Embase, and Cochrane Central
Register of Controlled Trials (Central) databases without lan-
guage restrictions from inception to April 29, 2022, using terms

» «

including “bacteremia,” “blood culture,” “gram-negative,” and
their synonyms. The exact search strategy is available in the
Supplementary Data. We also conducted monthly literature
surveys using the PubMed database and Google search engine
until June 29, 2022. The free text terms used in these surveys
included “repeat blood cultures” or “follow-up blood cultures”

crossed with “gram-negative bacteremia.”

Selection Process

Two independent reviewers (J.S. and S.H. or T.T.) separately
screened the titles and abstracts and examined the full-text re-
ports of all potentially eligible articles. The reviewers resolved
disagreements through discussion.

Eligibility Criteria

We included studies that evaluated the relationship between
FUBC acquisition and mortality in a minimum of 10 adult pa-
tients (aged >18 years) with GNB bacteremia. We excluded
studies that exclusively included an a priori-defined specific
population, that is, patients (1) aged <18 years; (2) with neutro-
penia due to chemotherapy or hematopoietic stem cell trans-
plant pretreatment; or (3) with HIV infection. However, we
accepted studies if ineligible participants accounted for <10%
of the total patient sample. We also excluded case reports or
case series (defined as studies with <10 patients), editorials,
comments, letters, review articles, and studies without extract-
able outcome data. Although we planned to include random-
ized controlled trials (RCTs) comparing clinical management
with and without FUBCs, no such RCT's were eligible.

Data Collection Process

One reviewer (J.S.) extracted the descriptive data, and another
(H.S. or T.T.) verified the extracted data. Two independent re-
viewers (J.S. and S.H.) separately extracted the quantitative data
and resolved all disagreements through discussion. We con-
tacted the authors of the primary studies via e-mail when addi-
tional data were necessary. If no response was received after

multiple attempts made at least 2 weeks apart, we considered
the request rejected.

Data ltems

We extracted study, participant, and intervention characteristics.
Study characteristics included study identification (year of pub-
lication and first author), location (country), period (enrollment
years), design (retrospective vs prospective), number of centers,
inclusion criteria, and exclusion criteria. Participant characteris-
tics included the number of participants, age, sex, intensive care
unit (ICU) admission, effective empirical therapy, treatment du-
ration, and clinical outcome (28-day, 30-day, or in-hospital mor-
tality, length of hospital stay, duration of treatment, and adverse
events directly attributable to FUBCs). Intervention characteris-
tics included the timing and proportion of acquired FUBCs,
FUBC results, and their derived additional cointerventions.

Outcomes and Prioritization

Our primary outcome was all-cause mortality, which included
deaths from any cause within 28 or 30 days from the onset of
infection or deaths observed during hospitalization, as defined
by individual studies. The secondary outcomes included the
length of hospital stay, duration of treatment, and adverse
events directly associated with FUBCs.

Assessment of Risk of Bias

To assess the risk of bias, we used the Risk of Bias in
Non-randomized Studies of Interventions tool [15]. Two inde-
pendent reviewers (J.S. and T.T.) double-rated confounders,
participant selection, classification of interventions, deviations
from intended interventions, missing data, measurement of
outcomes, and selective reporting, and then determined the
overall risk of bias. The reviewers resolved disagreements
through discussion.

Statistical Analysis

We used hazard ratios (HRs) as the effect measure. We extracted
study-level adjusted HRs estimated using a study-specified mul-
tivariable model, which typically accounted for the largest num-
ber of covariates, and their 95% confidence intervals (CIs) from
each report [7-9, 16]. In cases wherein adjusted odds ratios
(ORs) were reported, they were converted to adjusted HRs using
a conversion formula [10]. For studies in which study-level ad-
justed HRs or ORs were not extractable, we performed propensity
score-based logistic regression of available covariates (specifi-
cally, potential confounders of mortality) to obtain adjusted
HRs using individual-level patient data (IPD) provided by the
study authors [17, 18], with a metric conversion using the
Perneger method [17]; only binary-type IPD were available in
all such cases. One study did not exclude patients who died early
[18]; thus, we excluded 14 patients who died within 2 days after
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the initial positive blood culture from the IPD based on other
studies.

To assess the stability of the results, the sensitivity analysis
included additional studies in which adjusted HRs were not re-
ported and IPD could not be obtained to estimate adjusted re-
sults [11, 19]. In these studies, incidence rate ratios were used
instead of HRs [20].

We qualitatively investigated the clinical heterogeneity by
perusing the study, participant, and intervention characteris-
tics. Given the observed clinical heterogeneity, we performed
a random-effects meta-analysis using the Sidik-Jonkman esti-
mator for the heterogeneity standard deviation parameter,
tau, the Hartung-Knapp-Sidik-Jonkman method for its 95%
CI, and the Higgins-Thompson-Spiegelhalter method for its
95% prediction interval (PI) [21, 22]. We assessed statistical
heterogeneity using the tau and I statistics and PIs of the effect
size [23, 24].

Additional Analysis

Funnel plot asymmetry was not assessed because there were
<10 studies [25]. To assess result stability, we used 2 additional
recommended estimators for tau in the sensitivity analysis: re-
stricted maximum likelihood and Paule-Mandel estimators
[26]. An analysis including studies with unadjusted HRs was
also conducted.

Statistical Software

We used Stata 17.0 (StataCorp; College Station, TX, USA) and
R software, version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was set
at P<.05.

RESULTS

Study Flow and Eligible Studies

We screened 18 223 abstracts and evaluated 43 full-text articles
(Figure 1). After excluding 34 studies, we included 9 studies.
The details of the excluded studies are shown in the
Supplementary Data.

Study Characteristics

Nine studies (7 from North America [7, 8, 10, 11, 16, 18, 19]
and 1 each from Italy [9] and South Korea [17]) included
7778 patients; the median number of included patients per
study was 766 (range, 159-1702). All studies were published af-
ter 2020 (1in 2022 [10], 3 in 2021 [7, 16, 19], and 4 in 2020 [8, 9,
11, 17]), except for 1 published in 2016 [18]. Six studies were
conducted at university hospitals, 2 in a community hospital,
and 1 was unspecified. All studies had a retrospective, observa-
tional design and assessed the impact of the utilization of
FUBC:s based on routinely collected data, including medical re-
cords derived from clinical practice, and included clinically het-
erogeneous patient populations in diverse clinical contexts

(Table 1). Six studies included patients with GNB bacteremia
only [7-11, 17], 1 study assessed both gram-positive and gram-
negative bacteremia patients [18], 1 study exclusively included
patients with bacteremia due to E. coli or Klebsiella spp. [19],
and 1 study exclusively included patients with Pseudomonas
aeruginosa bacteremia [16] (Table 1). Only 1 study exclusively
assessed FUBCs in a
community-acquired infections [7], whereas other studies

relatively ~similar context of
jointly assessed both community- and hospital-acquired infec-
tions or did not report the clinical context. In 6 studies report-
ing the type of unit where the patients received care, the ICU
admission rates varied substantially (4%-45%) [8, 9, 10, 11,

16, 18] (Supplementary Table 1) .

Patient Characteristics

One study included 3 patients (0.3%) aged <18 years [18]. The
reported distribution of comorbid conditions varied substan-
tially for end-stage renal disease on hemodialysis (3%-20%)
[7, 8, 10, 16, 17], intravascular device (15%-59%) [7, 10, 16,
17] (Supplementary Table 2), overall immunosuppressive con-
ditions (2%-57%) [7-10, 16, 17], HIV infection (2%-5%) [8,
10], and neutropenia (2%-9%) [10, 17] (Supplementary
Table 3).

Source and Etiology of Bloodstream Infection

Seven studies reported the bloodstream infection source [7-10,
16, 17, 19]; the most common was urinary tract infections
(range, 11%-60%), followed by undocumented source of infec-
tions (range, 4%-25%) and intra-abdominal infections (range,
7%-18%) (Supplementary Table 4). Among the 6 studies re-
porting breakdown of the causative pathogens, E. coli and
Klebsiella spp. were the 2 most common (joint range, 17%—
60%), whereas <10% (range, 1%-9%) of patients were reported
to have nonfermentative GNB (eg, Pseudomonas aeruginosa
and Acinetobacter baumannii) bacteremia [7-10, 17, 18].
Data on drug-resistant bacteria were available from 3 studies;
the abundance of extended-spectrum f-lactamase- and
AmpC f-lactamase-producing bacteria ranged from 19% to
23% and from 8% to 18%, respectively [17, 18, 19]
(Supplementary Table 5).

Intervention Characteristics

The proportion of positive FUBCs varied across the studies
(range, 3%-38%). The etiology of positive FUBCs differed
from that of the initial positive culture results in 1%-6% of cas-
es and was deemed contamination in up to 4% of cases
(Table 3).

Co-intervention Characteristics

The proportion of effective empiric therapy was similar in pa-
tients with FUBCs and those without (61%-93% vs 70%-93%)
[7-9]. Source control was more common in patients with
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PubMed: n= 7,231
Embase: n= 16,365
Central: n=179
Others: n=2

] 22,856 records identified through database searching

Identification

v

18,223 records after
duplicates removed

l

18,223 records screened
against the title and
abstract

43 full-text articles
assessed for eligibility

Screening

Eligibility

9 records included in
qualitative synthesis
(systematic review)

|

7 records included in
quantitative synthesis
(meta-analysis)

Figure 1.
Preferred Reporting Items for Systematic Review and Meta-Analyses.

Records excluded (n = 18180)
- Studies which were not related to FUBCs
of GNB

Records excluded (n = 34)

- Studies that did not assess the associations
between FUBCs acquisition and patient
outcomes: n =19

- Review articles: n =4

- Conference abstracts with subsequent,
full-text publications: n =3

- Letters to the editor: n =2

- Studies from which data on GNB were not
extractable: n =2

- Studies that included many patients with
neutropenia due to treatment for malignancy
n=2

- Commentaries: n = 1

- Consensus guidance: n = 1

2 records excluded
- adjusted HR or IPD not available: n =2

PRISMA flow diagram. Abbreviations: FUBCs, follow-up blood cultures; GNB, gram-negative bacilli; HR, hazard ratio; IPD, individual patient data; PRISMA,

FUBCs than in those without (34%-36% vs 21%-26%) [9, 10]
(Supplementary Table 6). No data were available to indicate
whether antibiotics were changed, and the treatment duration

was prolonged by FUBCs.

Assessment of Bias Risk

All the studies were rated as having a critical risk of bias. The
risk of bias was deemed severe, particularly for confounders,
participant selection, intervention classification, and missing
data (Supplementary Tables 7-13, Supplementary Figure 1).

Outcomes

Mortality

Mortality was reported as 28-day and 30-day mortality in 1 [7]
and 4 studies [9, 11, 16, 18], respectively, and as in-hospital
mortality in 4 studies [8, 10, 17, 19]. Four studies provided ad-
justed HRs [7-9, 16], and 1 study provided adjusted ORs [10],
which were converted to HRs using a conversion formula. We
used post hoc estimated adjusted HRs in 2 additional studies
[17, 18]. Statistical models and covariates accounted for the
statistical corrections that varied substantially across studies
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(Supplementary Table 14). The median mortality rates (range)
were 9% (3%-15%) in the FUBC group and 11% (3%-50%) in
the no-FUBC group; the random-effects model meta-analysis
suggested that FUBC use was associated with a lower mortality
risk (average HR, 0.54; 95% CI, 0.42-0.69; P <.001); however,
although the direction of effects was consistent, the range of
predicted effects was wide (95% PI, 0.23-1.24; tau®=0.10;
I*=0%) (Figure 2).

Treatment Duration and Length of Hospital Stay

Four [8-11] and 5 [9, 10, 11, 18, 19] studies compared treatment
duration and length of hospital stay between the 2 groups.
Although the reported durations were longer in the FUBC group
than in the no-FUBC group for treatment (range, 8-15 days vs
6-13 days, respectively; median difference, 2-5) and hospital
stay (range, 7-24 days vs 4-11 days, respectively; median

difference, 2-14) (Table 2), unavailability of the adjusted data
precluded a formal meta-analysis. Although 1 study reported in-
creased costs in the FUBC group [18], no adverse events directly
associated with FUBCs were reported in any study.

Sensitivity Analyses

The results were similar in sensitivity analyses where different
estimators of tau were used or where studies with unadjusted
HRs were also included (Supplementary Table 15).

DISCUSSION

We systematically reviewed 9 retrospective studies that collec-
tively enrolled 7778 clinically heterogeneous patients with
GNB bacteremia treated individually in clinical practice.
Additionally, we quantitatively synthesized the association

Adjusted or Unadjusted and Study ID

HR (95% Cl)

Adjusted results
Amipara, 2021 —44,— 0.47 (0.24, 0.91)
Gianella, 2020 —0-%— 0.45 (0.22, 0.92)
Green, 2021 . 0.43 (0.17, 1.08)
Jung, 2020 * | 0.38 (0.16, 0.90)
Maskarinec, 2020 :Fo— 0.63 (0.51, 0.77)
Mitaka, 2022 +— 0.38 (0.10, 1.48)
Wiggers, 2016 R 0.77 (0.48, 1.23)
Subgroup, SJ2S+HKSJ (I° = 0.0%, p = 0.615) \/:r> 0.54 (0.42, 0.69)
with estimated 95% predictive interval , (0.23, 1.24)

|

I
Unadjusted results :
Chan, 2021 -+ : 0.29 (0.11, 0.76)
Elamin, 2020 E -+ 0.74 (0.23, 2.39)

|

|

|

|

i
Overall, SJ2S+HKSJ (I = 0.0%, p = 0.569) \/::} 0.52 (0.40, 0.66)
with estimated 95% predictive interval (0.22, 1.23)

| | | I | I
.05 g 2 5 1 2 5

«Fewer deaths in FUBCs

Figure 2.

Fewer deaths in no FUBCs—

Forest plot of the association between the acquisition of FUBC samples and mortality. Abbreviations: Cl, confidence interval; FUBC, follow-up blood culture;

HKSJ, Hartung—Knapp—Sidik—Jonkman; HR, hazard ratio; ID, identification; SJ2S, Sidik—Jonkman 2-step estimator.
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Table 3. Acquisition of FUBC and FUBC Results

Detection of the

Detection of Total

Detection of Different Detection of Possible Negative Results

Acquisition of Same Bacteria in Different Bacteria in True Pathogens in Contaminants in FUBCs, of FUBCs, No.

Author FUBCs, No. (%) FUBCs, No. FUBCs, No. (%) FUBCs, No. (%) No. (%) (%)

Amipara et al. 219 (29) 15 (7) ND ND ND 204 (93)
[7]

Chanetal.[19] 299 (89) 37(12) 17 (6) 9 (3 8(3)° 250 (84)

Elamin et al. 321 (67) 9(@3) 3 (<1) 2 (<1) 1(<1) 309 (96)
[11]

Giannella et al. 278 (18) 107 (38) 28 (10) 17 (6) 11 (4P 143 (51)
[9]

Green et al. 127 (80) 9(7) 9(7) ND ND 109 (86)
[16]

Jungetal. [17] 1276 (86) 122 (10) 8 (1) 8 (1) 0(0) 1146 (90)

Maskarinec 1164 (68) 228 (20) 51 (4) 29 (2) 22 (2)° 885 (76)
etal. [8]

Mitaka et al. 271 (72) 27 (10) ND ND ND 244 (90)
[10]

Wiggers et al. 241 (27) 27 (11) 20 (8) 12 (5) 8 (3)° 194 (80)
[18]

Abbreviations: FUBCs, follow-up blood cultures; ND, no data.

“Three different true pathogens and 2 contaminants were detected simultaneously in patients with the same bacteria in FUBCs.

Coagulase-negative staphylococci, Corynebacterium spp., Propionibacterium spp.
°Coagulase-negative Staphylococcus, viridans group Streptococcus, and diphtheroids.
4Coagulase-negative staphylococci, diphtheroids, or Bacillus spp.

between use vs nonuse of FUBCs collected largely within 1
week of disease onset, short-term mortality, and other patient-
relevant clinical outcomes. Recently, Thaden et al. also pub-
lished a systematic review and meta-analysis of the association
between FUBCs and mortality in GNB bacteremia [27]. Their
study reviewed not only the association between FUBC acqui-
sition and mortality, but also FUBC results and mortality. Our
study only evaluated FUBC acquisition; we performed IPD
analysis for the 2 original studies. In addition, we evaluated
the association between FUBC acquisition and length of hospi-
tal stay and treatment.

Our random-effects meta-analysis suggested that FUBCs
were associated with a reduced death risk by an average of
43%. FUBC group patients appeared to require a longer treat-
ment duration (median difference, 2-5) and longer hospital
stay (median difference, 2-14) than those in the no-FUBC
group.

The strengths of this systematic review are 3-fold. First, we
followed an explicit, prespecified research question and recom-
mended systematic review methods for observational studies
[28], including a comprehensive literature search, dual screen
and dual selection of eligible studies, dual extraction of data,
dual assessment of bias risk, and random-effects model meta-
analysis. Second, we obtained IPD to calculate confounding-
corrected results for studies that reported nonadjusted data,
which is another recommended method for assessing data
from observational studies [26]. Finally, we critically appraised
the limitations of the published reports on FUBC use to im-
prove patient-relevant clinical outcomes. Our formal and

rigorous assessment of available clinical evidence corroborates
and extends previous research [6, 12, 13].

There are multiple reasons why FUBC acquisition may be re-
lated to low mortality. First, when FUBCs showed bacteria dif-
ferent from those in the initial blood culture, the antimicrobial
agents were changed to appropriate ones, which may have im-
proved the prognosis. However, since the actual proportion of
detections of different bacteria was as small as 1%-6% [8, 9, 11,
17-19], the impact this had on mortality was also small.
Second, a positive FUBC result may have led to a search for
sources that require control or, if there were sources, aggressive
control, which may have improved the prognosis [29].
However, sufficient data were not available to explain these ra-
tionales. Third, the inability to completely adjust biases was
also a major factor. This is discussed in more detail in the
Limitations section below.

Secondary outcomes included the length of hospitalization
and treatment. Studies have shown a trend toward longer treat-
ment and hospitalization durations in patients with compared
with those without FUBCs. There are 2 possible reasons for
this. First, treatment and hospitalization may continue, some-
times unnecessarily, while waiting for FUBC results. Second,
treatment may have been administered even if the FUBC re-
sults showed contamination. However, there were no data to
support these hypotheses other than that more patients with
FUBC:s received source control.

This review has several limitations. All the included studies
were observational in nature, and the derived data from clinical
practice were deemed to be of critical risk bias. Although some
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variables that could cause confounding by indication were ad-
justed for, bias due to residual confounding and other biases
stemming particularly from participant selection, intervention
classification, and missing data remained. Judging by the ob-
served clinical heterogeneity, the direction and magnitude of
these biases vary across studies and are difficult to predict.

For example, the timing and duration allowed for collecting
repeat blood cultures in the study-specified FUBC definitions
differed. However, such variations may reflect different testing
objectives, at least partially. A very early repeat blood culture
(eg, 1-2 days post-first positive blood culture) could have
been performed as part of a routine testing strategy, given
that no or only limited information on the causative bacterium
might have been available. Conversely, a late repeat blood cul-
ture (eg, 6-7 days post-first positive blood culture) could have
been performed, for example, as a formal assessment for clini-
cally unfavorable responders to ongoing treatment [12].
Additionally, patients with a very poor prognosis in critical
condition (eg, those with severe sepsis with a high likelihood
of very early death) could have received a routine FUBC con-
ducted just after the first results, but the likelihood would
have been too low for recipients of a late FUBC or even partic-
ipants included in such studies [30]. Thus, these different def-
initions of the timing of collection may have been associated
with selective group assignment, which could have led to selec-
tion bias and additional confounding. The effect of these vari-
ations on the selection of subsequent treatments for
management would highly hinge upon the timing, test objec-
tive, and FUBC yield [12]. Furthermore, time-varying con-
founding may have also been present, where patients who
were not scheduled to receive FUBCs received them due to
poor clinical course. However, none of the studies addressed
this time-dependent confounder. Unfortunately, because of
the nature of practice-based data, these theoretically expected
biases and variations were not easily addressable, even with
statistical adjustments for baseline confounders based on the
IPD. Therefore, although consistently positive through the sen-
sitivity analyses, our results are not precisely adjusted confident
effect estimates applicable to the bedside, but should be viewed
as a guide to design future studies.

Given their uncertain effectiveness, FUBCs of patients with
GNB bacteremia remain an unproven test to be assessed in re-
search settings. Conducting sufficiently powered randomized
clinical trials comparing an FUBC-based strategy with conven-
tional management is the gold standard for reliably assessing
the comparative effectiveness of routine utilization of FUBCs.
In this framework, full details of testing strategies, including
the objective, timing, and number of FUBCs, should be explic-
itly formulated in accordance with specific research questions
relevant to specific clinical contexts and outcomes. One such
example would be upfront testing as an early response assess-
ment and response-oriented treatment modifications for all

patients with GNB bacteremia. Another could be late testing
exclusively performed for slow or poor responders to empirical
treatment, the results of which should help determine salvage
treatments. However, given the limited evidence on the diag-
nostic and prognostic values of FUBCs collected at specific
time points [6, 12, 13] and the excessive cost of conducting ran-
domized trials de novo, the prospective registration of all pa-
tients with GNB bacteremia and detailed documentation of
the aforementioned prespecified clinical information on the ap-
plication of FUBCs constitute another feasible approach. The
use of recently proposed analytical methods coupled with ad-
vanced modeling techniques to obtain accurate effect estimates
using real-life observational data would also constitute a poten-
tial and realistic next step [31, 32].

CONCLUSIONS

Limited data from retrospective studies of heterogeneous and
mostly non-neutropenic patient populations showed that
FUBCs were associated with lower mortality. Longer hospital
stay and treatment duration in hospitalized patients with
GNB bacteremia were also observed, although this was not a re-
sult of the meta-analysis. However, the risk of bias was critical
in all the studies, and no firm data were available to support
these mechanisms. Given its uncertain effectiveness, FUBC in
patients with GNB bacteremia remains an unproven test to
be assessed in future research settings.
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