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Background. This is a “proof-of-concept” study aiming to evaluate the impact of a multistep bundles intervention in the
management and outcomes of patients with gram-negative bloodstream infections (GN-BSIs).

Methods. This was a single-center, quasi-experimental design study. In the pre-phase (January 2019 to May 2020), patients
were retrospectively enrolled. During the post-phase (June 2020 to September 2021), all patients were prospectively enrolled in
a nonmandatory 3-step bundles intervention arm including (i) step 1: imaging to detect deep foci of infection, follow-up blood
cultures and procalcitonin monitoring; (ii) step 2: early targeted antibiotic treatment and surgical source control; (iii) step 3:
discontinuation of antibiotics within 7-10 days in case of uncomplicated BSI. Patients were followed up to 28 days from BSI
onset. The primary outcome was 28-day mortality.

Results. A total of 271 patients were enrolled: 127 and 144 in the pre- vs post-phase, respectively. Full application of step 1 (67%
vs 42%; P<.001), step 2 (83% vs 72%; P=.031), and step 3 (54% vs 2%; P<.001) increased in the post-phase. Overall,
the intervention reduced 28-day mortality (22% vs 35%, respectively; P=.016) and the median duration of total (11 vs 15 days;
P<.001) and targeted (8 vs 12 days; P=.001) antibiotic therapy. Finally, the multivariate Cox regression confirmed the
independent protective effect of adherence to step 1 (adjusted hazard ratio [aHR], 0.36; 95% CI, 0.20-0.63) and step 2 (aHR,

0.48; 95% CI, 0.29-0.81) on risk of 28-day mortality.
Conclusions.
multistep bundles intervention.
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Diagnostic and therapeutic management of patients with gram-
negative bloodstream infections (GN-BSIs) has been widely in-
vestigated in recent years [1]; however, some important ques-
tions are still unsolved in this field.

Currently, areas of debate extend far beyond appropriate tar-
geted therapies for different pathogens. For instance, strategies
to recognize potential foci that should be properly controlled
and follow-up approaches to quickly detect complications or

Received 10 June 2022; editorial decision 13 September 2022; accepted 15 September 2022;
published online 17 September 2022
“Equal contribution.

Correspondence: Bavaro Davide Fiore, MD, Clinic of Infectious Diseases, University of Bari,
Piazza G. Cesare, 11, 70124 Bari, Italy (davidebavaro@gmail.com).

Open Forum Infectious Diseases®

© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of
the work, in any medium, provided the original work is not altered or transformed in any
way, and that the work is properly cited. For commercial re-use, please contact journals.
permissions@oup.com

https://doi.org/10.1093/0fid/ofac488

determine the duration for each patient of tailored antibiotic
treatment are still under investigation [2, 3].

Prior successful experiences have raised the importance of
managing patients with gram-positive BSIs using multiple
bundles, including assessment of infection source, detection
of persistent bacteremia, and ideal exposure to antibiotics.
These bundles are currently defined as quality-of-care
indicators (QCIs) for Staphylococcus aureus BSI manage-
ment [4, 5].

However, bundles for management of patients with GN-BSIs
are still not available. As recently shown in a survey on
the management of patients with GN-BSI among infectious
diseases (ID) specialists [6], the lack of guidelines likely ex-
plains the large heterogeneity in clinical practice and the
non-evidence-based management of these patients, who are
already at significant risk of mortality due to sepsis.

Nevertheless, certain interventions derived from prior experi-
ence on gram-positive BSIs could be protective also in case of
GN-BSIs and need to be further investigated as possible QCls.
For instance, early surgical source control of the deep site of
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infection was demonstrated to be protective for mortality in pa-
tients with intra-abdominal infection and associated BSIs [7, 8];
however, standardized use of abdominal and/or thoracic imag-
ing to identify sources of infection and to exclude deep abscesses
as a possible strategy to guarantee early source control has been
poorly explored in the literature, and mostly in the setting of BSIs
from urinary sources [9, 10]. The use of follow-up blood cultures
(FUBC:s), however, showed a potential protective role when per-
formed in patients with complicated infections [11], but these
data are still not generalizable to all kinds of infections [12].

Finally, some important studies have redefined the concept
of treatment duration for BSIs, showing that “shorter is better”
when possible [13]: The crucial point is the identification of pa-
tients eligible for short-term therapy and not at higher risk of
recurrence/relapse of the infection.

In accordance with these data, a multistep bundles strategy
for the management of GN-BSI was established in our hospital,
including a series of literature-based QCIs. The aim of this
study was to evaluate the impact of this intervention on the
management and outcomes of patients with GN-BSIs.

METHODS

Study Design and Study Population

This was a comparative cohort study, with a quasi-experimental
design, that evaluated the efficacy of a pre-established multistep
management bundles intervention on outcomes of GN-BSL

All consecutive adult (aged >18 years) patients who devel-
oped a BSI caused by at least 1 gram-negative bacterium (in-
cluding polymicrobial BSIs) and who were evaluated by an
infectious diseases specialist from January 1, 2019, to
September 30, 2021, were included in this study.

Episodes of GN-BSIs by different bacteria occurring in the
same patient were analyzed independently only when the index
blood cultures were separated by at least 7 days.

Exclusion criteria were informed refusal and/or patients who
(1) were younger than 18 years, (2) died before the administra-
tion of at least 1 active antibiotic, (3) did not have any docu-
mented gram-negative pathogen at blood cultures, (4) had no
evaluation by an ID specialist.

As this work aimed to assess the efficacy of specific bundles
on GN-BSI management and outcome, the abovementioned
exclusion criteria (especially #2 and #4), were based on the fol-
lowing considerations: (i) in order to minimize the possible
effect on mortality of inappropriate antimicrobial therapies
(in terms of drugs, dosage, route of administration) pre-
scribed without the supervision of a specialist of antibiotic
therapy; (ii) in order to limit the impact on outcomes of pa-
tients who died immediately after the onset of GN-BSI, for
whom none of these bundles would be applicable.

Patients with GN-BSI were discharged only in case of avail-
able oral or outpatient antimicrobial therapy (based on

antibiogram of pathogen isolated) and clinical stability. The
duration of therapy was completed as planned by the ID spe-
cialist independent of discharge.

Patients were followed until discharge or until the day of
death. In case of discharge, mortality was evaluated using infor-
mation from hospital records, which were linked to a municipal
records database. Our hospital information system allows us
access to patient personal data (living or deceased status, date
of death). For this reason, we have no patients lost to follow-up
in mortality analyses.

Microbiologic Diagnosis

Index BCs were performed at the discretion of the attending
physician and were not mandated by a study protocol.
Samples were collected for the microbiology assessment be-
fore starting empirical antimicrobial therapy. According to
current guidelines, blood cultures were performed by col-
lecting 15-20 mL of blood per culture set. Two bottles per
set were used and immediately placed into a BACT/ALERT
3D instrument (Biomerieux Inc., Marcy-I'Etoile, France).
Positive aerobic blood cultures were subcultured on
MacConkey agar, CNA blood agar, Sabouraud dextrose
agar, mannitol-salt agar, and chocolate agar and incubated
aerobically at 37°C for 24 hours.

Identification and antibacterial susceptibility were tested
on the automated VITEK 2 system and VITEK MS
(Biomerieux) according to the manufacturer’s instructions.
The interpretative breakpoints of minimum inhibitory
concenration values were based on the criteria of the
European Committee
Testing (EUCAST).

The presence of the bla genes for carbapenemases, including

on Antimicrobial Susceptibility

KPC and NDM, was determined by polymerase chain reaction
using the GeneXpert System (Cepheid).

Intervention
Patients included in this comparative study were divided into
2 groups:

(a) Pre-intervention group: all patients retrospectively enrolled
from January 1, 2019, to May 31, 2020. According to the hos-
pital internal guidelines, these patients were treated with at
least 10-14 days of antibiotic therapy after the index blood
culture, and discontinuation of antibiotics was decided on
the basis of improvement demonstrated on clinical and blood
tests. Any other instrumental or microbiological investiga-
tions after the initiation of treatment was based on clinical
judgment.

(b) Postintervention group: all patients treated according to our
nonmandatory internal multistep management bundles and
prospectively enrolled from June 1, 2020, to September 30,
2021.
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Figure 1.

Multistep management bundles for gram-negative BSls. Abbreviations: BSI, bloodstream infection; CT, computed tomography; FUBCs, follow-up blood cultures;

GNB, gram-negative bacteria; ID, infectious disease; PCT, procalcitonin; US, ultrasonography.

Importantly, during the study period, no other significant
events occurred in our hospital that could have influenced
the ID team treatment strategies of GN-BSI (eg, large outbreak
of a resistant GNR, modification in ID team, change in policy of
antibiotic treatment, etc.).

Multistep Management Bundles for Gram-Negative BSIs

The multistep management bundles were based on multiple
QClIs, according to current literature and arbitrary choice of
members of our ID team, applied following the identification
of a gram-negative bloodstream infection (Figure 1).

Step 1 (when blood cultures turned positive for at least 1 gram-
negative bacterium) performed along with the initiation of
empirical antibiotic therapy:

(1) Request of follow-up blood cultures (FUBCs) every
48 hours (1 set for aerobes and anaerobes every 48 hours
from peripheral vein and central lines if present until
the first negative result) until 1 negative result [11, 12,
14, 15].

(2) Request of procalcitonin monitoring every 48 hours until
reduction of >80% or absolute value <2 ng/mL [16].

(3) Inall cases, prescription of at least ultrasonography of the
abdomen was part of baseline tests requested at the time of
first ID evaluation. Importantly, in case of suspected deep
site of infection, other types of instrumental examination
(eg, computed tomography) were immediately requested
in order to confirm the presence of drainable abscesses
[9, 10].

Step 2 (proactive re-evaluation after 72 hours at the acquisition
of definitive antibiogram and/or definition of source of
infection):

(1) Targeted antibiotic therapy according to pathogen(s) in-

volved and site(s) of infection.

(2) Request of surgical source control as early as possible in case
of deep site infections, or central line removal if present with
no other source of infection identified [7, 8].

Step 3 (pro-active re-evaluation at days 7-10 of therapy after in-
dex blood culture):

(1) Discontinuation of treatment in all cases of uncomplicated
BSI (uBSI) with absence of fever and clinical stability, or
therapy prolongation in cases of complicated BSI (cBSI)
[13, 17].

GN-BSIs were defined as “uncomplicated” by the following
criteria at day 7: (a) negative FUBCs (after at least 3 days of cul-
ture); (b) complete control of any deep site of infection; (c) de-
crease in procalcitonin (PCT) or serum values by at least 80%,
or an absolute value <2 ng/mL; (d) afebrile from at least
72 hours and hemodynamically stable.

The remaining cases were considered complicated BSL
The discontinuation of antimicrobials was reevaluated every
5-7 days by an ID specialist checking for resolution of the
deep site of infection, achievement of negative FUBCs, and de-
crease in PCT or serum values by at least 80%, or an absolute val-
ue <2 ng/mL.
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Outcomes
The primary end point was mortality (all-cause 14-day and
28-day mortality).

Secondary end points were:

(i) adherence to QCIs multistep management bundles;

(ii) total duration of antibiotic therapy;

(iii) severe (grade 3-5) adverse events to antibiotic therapy
(evaluated within 14 days of discontinuation);
(iv) number of BSIs requiring a surgical source control;

(v) 30-day and 90-day recurrence/relapse of the initial infec-
tion, defined as any infection caused by the same pathogen
within 30 or 90 days of discontinuation of therapy. In case
of deep-site infections, any recrudescence of signs of infec-
tion in the same site was considered recurrence.

(vi) 90-day mortality.

Other Definitions
Acute severity of illness was assessed using the qPitt bacteremia
score, measured retrospectively on the day before GN-BSI was
diagnosed [18]; primary sources of GN-BSI were defined ac-
cording to the Centers for Disease Control and Prevention [19].

Empirical antibiotic treatment was considered appropriate if
at least 1 active drug according to in vitro susceptibility results
had been initiated in the first 12 hours after the blood culture
was obtained.

We defined targeted therapy as any antibiotic selected on the ba-
sis of the agent responsible for the BSI and its susceptibility pattern.

Patients were defined as “severely immunocompromised” if
at specific risk for opportunistic infection: recent solid organ
transplantation, prolonged neutropenia with absolute neutro-
phil count <500 cells/mL during the BSI treatment course,
CD4 cell count <200 cells/mL in HIV patients, or chronic cor-
ticosteroids and/or other immunomodulator therapy in those
at risk for severe infections.

Clinical stability was defined using Halm’s criteria [20].

Any infection occurring in the course of treatment of BSI
that required additional treatments, independent of the site
of infection, was considered a breakthrough infection.

Statistical Analysis
All data were anonymized and collected on an electronical database.

Descriptive statistics were produced for demographic, clini-
cal, and laboratory characteristics of patients. Medians and in-
terquartile ranges (ql-q3) were produced for continuous
variables, and numbers and percentages were produced for cat-
egorical variables.

The distribution of outcomes, clinical findings, and laborato-
ry findings between groups (standard-of-care and intervention
groups) was analyzed with univariate parametric and nonpara-
metric tests, with Kruskal-Wallis and Mann-Whitney U tests
(where appropriate) for continuous variables, and with

Pearson’s % test (Fisher’s exact test where appropriate) for cat-
egorical variables, according to data distribution.

In order to assess predictors of all-cause 14-day and 28-day
mortality, a univariate Cox regression model was produced for
variables of interest. Then, a stepwise multivariable Cox regres-
sion was applied to control for potential confounders and was
adjusted for variables associated (P < .1) with end points on uni-
variate analysis or considered significant according to the cur-
rent literature. In the final model, full adherence to step 1 and
step 2 was included as a proxy for intervention, because immor-
tal time bias could not be entirely ruled out for step 3 (only those
surviving at least 7 days could be included in step 3).

Finally, Kaplan-Meier curve estimates were also performed
for variables of interest. In all cases, a P value <.05 was consid-
ered statistically significant. Statistical analysis was performed
using STATA “Special Edition,” version 16.1 (StataCorp,
College Station, TX, USA).

RESULTS

General Characteristics of the Study Population

During the study time frame, 271 eligible patients with a gram-
negative BSI were included (Table 1). A total of 127 patients
were managed in the pre-intervention phase, while 144 were
managed in the postintervention phase.

Overall, 158 subjects (58%) were males, with a median (q1-q3)
age of 68 (57-79) years; the median age was lower in the postinter-
vention group compared with pre-intervention patients (64 vs
72 years, respectively; P=.002). Conversely, all other characteristics
(ward of evaluation, Charlson comorbidity index, incidence of con-
current coronavirus disease 2019, and comorbidities) were similar in
the 2 groups, with the exception of solid neoplasia, which was more
frequent in the postintervention group (26% vs 10%; P=.001).

In analyzing the clinical picture associated with GN-BSIs
(Table 1), some differences were noted. At first, the source of
infection was significantly dissimilar in the 2 groups, with a
higher incidence of primary/urinary-source BSIs in the pre-
phase (30% vs 61%; P <.001), while in the post-phase a higher
incidence of intra-abdominal (28% vs 13%; P =.003), skin and
soft tissue (10% vs 3%; P=.019), and endovascular sources (8%
vs 2%; P=.019) was recorded.

Similarly, the incidence of septic shock at presentation was
more frequent in the pre-phase (37% vs 26%; P =.044).

Finally, no differences were noted in terms of Sequential
Organ Failure Assessment (SOFA) score or qPitt bacteremia
score at presentation, antimicrobial resistance pattern of
GN bacteria involved in BSIs, incidence of polymicrobial
BSIs, or appropriate empirical antibiotic therapy.

Analysis of the Impact of Intervention on BSIs Management
A crude comparison of adherence to QCIs between the pre-
intervention and postintervention periods is shown in
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Table 1. General Characteristics of the Study Population

Overall (n =271) Pre-intervention (n = 127) Postintervention (n = 144) P Value
General characteristics
Age, median (q1-03), y 68 (57-79) 72 (60-81) 64 (54-76) .002
Male sex, No. (%) 158 (58) 68 (54) 90 (62) 136
Ward of evaluation, No. (%)
Medical unit 182 (67) 92 (72) 90 (62) .052
Surgical unit 58 (21) 19 (15) 39 (27)
Intensive care unit 31(12) 16 (13) 15 (11)
Charlson comorbidity index, median (q1-g3) 5 (3-7) 5 (3-7) 5 (3-7) .694
Concurrent SARS-CoV-2 infection, No. (%) 33 (12) 16 (13) 17 (12) .842
Comorbidity, No. (%)
Severe cardiovascular disease 22 (8) 7 () 15 (10) 140
Chronic obstructive pulmonary disease 47 (17) 23 (18) 24 (17) .754
Type Il diabetes 75 (28) 39 (31) 36 (25) 295
Chronic kidney diseases (eGFR <60 mL/min) 81 (30) 41 (32) 40 (28) 419
Dialysis 21 (8) 9(7) 12 (8) .702
Obesity (BMI> 30 kg/m?) 26 (10) 12 (9) 14.(10) .939
Solid neoplasia 50 (18) 13(10) 37 (26) .001
Hematologic neoplasia 14 (5) 10 (8) 4 (3) .069
Severe immunocompromission, No. (%) 46 (17) 23 (18) 23 (16) .640
Clinical presentation of BSls and therapies
Source of bloodstream infection, No. (%)
Urinary tract 94 (35) 58 (46) 36 (25) <.001°
CVC-related 43 (16) 16 (13) 27 (19)
Intra-abdominal 57 (21) 17 (13) 40 (28)
Lung 13 (5) 8 (6) 5(3)
Skin and soft tissue 19(7) 4 (3) 15 (10)
Endovascular 13 (5) 2(2) 11 (8)
Osteoarticular 6(2) 3(2) 3(2)
Primary BSI 26 (9) 19 (15) 7 (5)
Antimicrobial resistance pattern of GNB, No. (%)
Extensively sensitive 51 (19) 23 (18) 28 (19) 514
Resistant to third-generation cephalosporins 38 (14) 16 (13) 22 (15)
Extended-spectrum beta-lactamases 56 (21) 23 (18) 33 (23)
Carbapenem-resistant 126 (46) 65 (51) 61 (42)
Monomicrobial infections, No. (%) 215 (79) 103 (81) 112 (78) .500
E. coli 61 (28) 30 (29) 31(28) .858
K. pneumoniae 64 (30) 30 (29) 34 (30)
A. baumannii 44 (21) 23 (22) 21 (19)
Other gram-negative 46 (21) 20 (20) 26 (23)
Polymicrobial infections, No. (%)? 56 (21) 24 (19) 32 (22) .500
Only gram-negative 16 (29) 5(21) 11 (34) 721
Gram-negative and gram-positive 20 (36) 9 (37) 11 (34)
Gram-negative and Candida spp. 8 (14) 4(17) 4 (13)
Gram-negative, gram-positive, and Candida spp.? 12 (21) 6 (25) 6 (19)
gPitt bacteriemia score >2, No. (%) 60 (22) 32 (25) 28 (19) .255
SOFA score, median (q1-q3) 4 (2-7) 4 (2-7) 4 (2-7) .364
Septic shock at presentation, No. (%) 84 (31) 47 (37) 37 (26) .044
Appropriate empirical therapy, No. (%) 102 (47 %) 49 (45) 53 (49) .364
Definitive antibiotic therapy for BSI, No. (%)
Monotherapy 71 (27) 36 (28) 35 (24) 450
Combination therapy 200 (73) 91 (72) 109 (76)

Boldface means statistically significant (P < .05).

Abbreviations: BMI, body mass index; BSI, bloodstream infection; CVC, central venous catheter; eGFR, estimated glomerular filtration rate; GNB, gram-negative bacteria; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; SOFA, Sequential Organ Failure Assessment.

@Urinary tract: P<.001; CVC-related: P=.1666; intra-abdominal: P=.003; lung: P=.277; skin and soft tissue: P=.019; endovascular: P=.019; osteoarticular: P=.999; primary BSI: P=.004.
°S. aureus (10 cases, 6 and 4 in the pre-phase and post-phase, respectively); E. faecalis (17 cases, 7 and 10 in the pre-phase and post-phase, respectively).
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Table 2. Adherence to Quality-of-Care Indicators and Associated Risk of Mortality

Quality-of-Care Indicators Included in

Multistep Gram-Negative BSI Adherence in Adherence in P HR (95% Cl) for 14-Day HR (95% Cl) for 28-Day

Management Bundles Pre-intervention Postintervention Value Mortality Risk Reduction Mortality Risk Reduction

STEP 1 (BSl onset; n = 271)

FUBCs every 48 h from index blood 59/127 (46) 99/144 (69) <.001 0.57 (0.33-0.99)* 0.42 (0.26-0.69)**
culture until 1 negative result

Procalcitonin monitoring every 48 h until 95/127 (75) 114/144 (79) .393 0.27 (0.15-0.46)** 0.24 (0.15-0.39)**
reduction of >80% or absolute value
<2 ng/mL

Performance of imaging to detect 54/127 (42) 101/144 (70) <.001 0.46 (0.26-0.80)* 0.30 (0.18-0.50)**
infection source within 72 h of diagnosis

Full adherence to bundles included in step 53/127 (42) 97/144 (67) <.001 0.41(0.23-0.73)* 0.28 (0.16-0.47)**
1 (all 3 QCls)

STEP 2 (microbiological diagnosis of BSI; n =271)

Source control in case of deep-site 5/26 (20) 42/69 (62) <.001 0.14 (0.03-0.65)* 0.09 (0.02-0.42)*
infection within 72 h of diagnosis of
deep-site infection (n = 95)

Targeted antimicrobial therapy within 72 h 91/127 (72) 119/144 (83) .031 0.35 (0.20-0.61)** 0.41 (0.25-0.67)**
of index blood culture

Full adherence to bundles included in step 91/127 (72) 119/144 (83) .031 0.28 (0.16-0.48)** 0.31 (0.19-0.51)**
2 (both QCls, when applicable)

STEP 3 (days 7-9 of antimicrobial therapy; n = 236)?

Discontinuation of treatment according to 2/108 (2) 69/128 (54) <.001 1.03 (0.37-2.83) 0.58 (0.22-1.51)

type of BSI (uncomplicated vs
complicated)

Boldface means statistically significant (P < .05).

Abbreviations: BSI, bloodstream infection; FUBCs, follow-up blood cultures; HR, hazard ratio; QCls, quality-of-care indicators.

*P<.05; **P<.001.
#Excluded patients who died within 7 days.

Table 2. Importantly, during the post-phase period, adherence
to QCIs significantly improved in all 3 steps. In particular, for
step 1, a higher frequency of FUBCs and imaging investigations
within 72 hours of BSI onset was observed in the post-phase
(P <.001 in both cases), while for step 2 source control within
72 hours of index blood culture in cases of deep-site infection
was the QCI that showed the most important improvement
in adherence (62% vs 20%; P <.001).

Finally, early discontinuation of therapy according to type of
BSI (uncomplicated vs complicated) also showed a significant im-
provement in adherence in the post-phase (54% vs 2%; P <.001).

Moreover, in Table 2, the predicted mortality risk (at day 14 and
day 28) associated with the application of each of the QClIs is shown.

Among all QCIs included, it was noteworthy that a short
treatment duration according to type of BSI, and in particular
early (days 7-9) discontinuation of therapy, was chosen in
86% of uBSIs (data not shown in the table) and was not associ-
ated with a significant increase of 14-day or 28-day mortality.
Interestingly, among the 64 eligible patients (affected by un-
complicated BSI in the post-phase), 25 (39%) were treated
with a 7-day treatment, without significantly increased inci-
dence of mortality or recurrence (data not shown in the table).

Analysis of Primary and Secondary Outcomes
Overall, 28-day mortality and 90-day mortality were signifi-
cantly lower in the post- vs pre-phase (22% vs 35%; P=.016;

and 24% vs 38%; P =.016; respectively), while 14-day mortality
was not statistically influenced by the period of enrollment.
However, the intervention markedly reduced the median dura-
tion of total (11 vs 15 days; P <.001) and targeted (8 vs 12 days;
P=.001) antibiotic therapy. Interestingly, a higher number of
BSIs that were eligible for surgical source control were found
in the post-phase (48% vs 20%; P <.001).

Finally, in analyzing other secondary outcomes, no differ-
ences were demonstrated in terms of recurrence/relapse of pri-
mary BSIs or incidence of breakthrough infections, while a
nonsignificant reduction of incidence of severe adverse events
to antibiotics (grade 3-5 according to Common Toxicity
Criteria for Adverse Events) was noted postintervention (4%
vs 10%; P=.051).

Supplementary Table 1 shows the distribution of primary
and secondary outcomes in the pre- and postintervention
phases.

Survival Analysis
Twenty-eight-day mortality risk was then explored by
Kaplan-Meier curves. Interestingly, the postintervention phase
was associated with reduced risk of death (P=.021) (Figure 2)
when compared with the pre-phase.

In order to identify other possible variables associated with
14-day and 28-day mortality, a univariate Cox regression was
performed

(Supplementary Table 2), followed by a
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Figure 2. Kaplan-Meier survival analysis. Abreviation: BSI, bloodstream infection.

multivariable model excluding all factors not reaching statisti-
cal significance. Finally, in the definitive multivariable models
(Table 3), age >65 years, septic shock at presentation, and
BSI caused by a carbapenem-resistant GN bacteria were

Table 3. Multivariate Cox Regression Analysis of Variables Associated
With 14-Day and 28-Day Mortality

Multivariate Analysis

aHR 95% ClI P Value
14-d mortality
Age, per 1-y increase 1.04 1.01-1.06 .002
Charlson comorbidity index 0.99 0.89-1.09 .862
Septic shock at presentation 2.26 1.25-4.07 .007
BSI requiring surgical source control 1.40 0.73-2.66 .302
BSI caused by a carbapenem-resistant GNB 2.20  1.11-4.35 .023
Appropriate empirical therapy 0.86 0.43-1.72 .687
Adherence to management bundles
Full adherence to step 1 0.59 0.32-1.11 .104
Full adherence to step 2 0.41 0.22-0.73 .003
28-d mortality
Age, per 1-y increase 1.03  1.01-1.05 .003
Charlson comorbidity index 1.00 0.91-1.09 .924
Septic shock at presentation 1.94 1.17-3.21 .010
BSI requiring surgical source control 1.39 0.79-2.44 246
BSI caused by a carbapenem-resistant GNB 1.99  1.10-3.58 .022
Appropriate empirical therapy 0.72 0.39-1.32 .290
Adherence to management bundles
Full adherence to step 1 0.36 0.20-0.63 <.001
Full adherence to step 2 0.48 0.29-0.81 .006

Boldface means statistically significant (P < .05).

Abbreviations: aHR, adjusted hazard ratio; BSI, bloodstream infection; GNB, gram-negative
bacteria.

independently associated with 14-day and 28-day mortality.
On the contrary, adherence to step 1 was protective for
28-day mortality (adjusted hazard ratio [aHR], 0.36; 95% CI,
0.20-0.63), while adherence to step 2 was protective for both
14-day mortality (aHR, 0.41; 95% CI, 0.22-0.73) and 28-day
mortality (aHR, 0.48; 95% CI, 0.29-0.81).

Finally, a sensitivity analysis was performed by repeating the
multivariable Cox regression model only in patients with
monomicrobial GN-BSI (Supplementary Table 3); the reduced
mortality in subjects who were treated according to GN-BSI
bundles was confirmed in this analysis.

DISCUSSION

To the best of our knowledge, this is the first study evaluating
the use of a structured multistep bundles intervention on the
management and outcome of patients with gram-negative BSL.

This work is in line with recent papers highlighting the im-
portance of identifying additional treatment and diagnostic
strategies to improve the outcome of GN-BSIs [17, 21, 22].
Indeed, excluding early targeted antimicrobial therapy and ad-
equate vital support, another widely recognized pivotal aspect
to reduce mortality risk includes the identification of potential
foci of infection, which should be quickly controlled [23], while
the selection of patients with uncomplicated BSI who can be
treated with short-course antimicrobials is crucial to reducing
antimicrobial resistance, potential adverse events, and health
care costs [23]. According to our data, a full application of
the QCIs was quite unsatisfactory in the pre-intervention
phase, when patients were managed without pre-established
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bundles, resulting in a higher rate of unfavorable outcomes, de-
spite appropriate empirical antibiotic therapy in half of the cas-
es and targeted treatment administration within 72 hours of
BSI onset in almost 3 out of 4 patients. Nevertheless, it should
be noted that the mortality reported in this work is quite high if
compared with the general GN-BSI literature (around 15%).
However, this study included a high number of BSIs caused
by carbapenem-resistant gram-negative bacteria (46%) and
also polymicrobial infections, which are both associated with
higher mortality if compared with other GN-BSIs. Second,
this work was conducted in a tertiary care hospital that manag-
es subjects with multiple comorbidities and severe clinical con-
ditions; this, in turn, is associated with a higher “baseline”
mortality risk of the population.

As QClIs are considered a useful tool for evaluating and mon-
itoring different aspects of health care procedures [24], our ID
team decided to incorporate several literature-based QClIs in a
standardized management protocol for GN-BSIs.

Notably, QCIs for gram-negative bacteria (GNB)-BSI man-
agement had not been established yet; a recent work highlight-
ing the “research agenda” of management of GNB-BSI tried to
explore this topic, suggesting a few possible QCIs [25]. Still, ac-
cording to current knowledge, short treatment duration in
nonimmunocompromised patients with uncomplicated
GN-BSI and the use of FUBCs are supported by robust evi-
dence [14, 15]; on the contrary, studies investigating the use
of systematic imaging to identify foci of infections are limited
to few observational data.

Interestingly, during the first step of our intervention, sys-
tematic use of FUBCs and requests for imaging were included,
along with procalcitonin monitoring every 48 hours until a re-
duction of >80% or an absolute value <2 ng/mL was obtained.
While the latter bundle performed similarly pre- and postinter-
vention, we noticed a remarkable increase in adherence to
FUBCs and early imaging postintervention. Importantly, use
of FUBCs was associated with reduced 14-day and 28-day mor-
tality risk in this analysis. This result, which is concordant with
previous studies on FUBCs in the context of GN-BSI [11, 12], is
probably explainable by the high rate of deep-site infections
and BSIs presenting with septic shock included in the cohort;
these types of infections are at higher risk of persistent bacter-
iemia and are probably better managed when FUBCs are per-
formed. Differently from previous studies [9, 10], in our
work early (within 72 hours of diagnosis) systematic imaging
also influenced mortality risk; nevertheless, it should be ac-
knowledged that the GN-BSIs included in this analysis origi-
nated from several sites and organs, and not only from the
urinary tract, where incidence of drainable abscesses is lower.
It should also be acknowledged that in this intervention the
use of PCT was preferred over the use of C-reactive protein
to guide antimicrobial therapy, despite the latter being support-
ed by strong evidence in cases of uncomplicated BSI [26].

Nevertheless, in our setting, we also included complicated
BSI, and, more importantly, we included patients affected by
multiple comorbidities or even treated with concurrent surgical
procedures. In these cases, C-reactive protein values may be in-
fluenced and unreliable. PCT was preferred as it showed a more
linear and predictable trend in these situations [16].

Unsurprisingly, the QCIs of step 2, including targeted antibi-
otic therapy and surgical source control of deep site of infec-
tion, were both significantly associated with increased
survival. Notably, in the postintervention period, the number
of patients who underwent source control within 72 hours of
diagnosis of deep-site infection increased significantly, proba-
bly due to a superior awareness of this aspect of care and early
performance of imaging. On the other hand, although an im-
provement was noticed, the number of patients with targeted
therapy within 72 hours of diagnosis changed only by a little
in the post-phase. The main reason for this result is the absence
of rapid microbiologic diagnostic testing in our hospital; there-
fore, in most cases the definitive therapy was possible only after
culture results.

Finally, the third step, early discontinuation of therapy in
cases of uncomplicated BSI, was one of the most important
QClIs introduced with the intervention: Importantly, our data
confirmed, also in a “real life” setting, that reducing the dura-
tion of therapy in selected subjects without complicated BSI
is not associated with increased recurrence/relapse or mortali-
ty. In addition, in the postintervention group, we noticed a re-
duced incidence of adverse reactions to antibiotics.

In fact, antimicrobial drugs are potentially harmful, and they
could lead to adverse events such as renal or hepatic toxicity;
moreover, they cause selective pressure, a major issue promot-
ing the rise of antibiotic resistance [27]. Accordingly, these data
encourage the implementation of antimicrobial stewardship
protocols and early discontinuation of treatments when
possible.

In producing univariate survival curves, reduced mortality
was noted when classifying patients according to post-phase at-
tendance. However, this might be due to immortal time bias:
Indeed, only patients with sufficient survival can undergo all
3 steps of the intervention, biasing results in favor of the inter-
vention. Therefore, each step was also analyzed individually in
the multivariable analysis in order to identify its impact on sur-
vival, confirming a significant reduction in mortality risk [28].

Finally, a few points should be considered when reading our
results. This study was conducted as a “proof-of-concept” work
to evaluate the possible efficacy of a multistep bundles interven-
tion on management and outcomes of GN-BSIs, taking inspira-
tion from previous studies on Staphylococcus aureus
bacteremia. Accordingly, all cases of GN-BSIs were included,
independent of the involved pathogen(s), site of infection, pres-
ence of polymicrobial BSIs, or antimicrobial resistance pattern
of GNB. This obviously hampers the generalizability of our
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results but increases the real-life applicability of the data as well
as the interest in studying and sharpening these interventional
strategies under different conditions. Moreover, the interven-
tion required a proactive ID consultation in any case of
GN-BSI, which was possible in our large tertiary care teaching
hospital with sufficient medical staff resources, but this ap-
proach may not be reproducible in all facilities. However, pro-
active reevaluation at the time of acquisition of definitive
antibiogram and imaging was able to determine indication
for targeted antimicrobial therapy (including both deescalation
and escalation) and to assess the need for surgical source con-
trol or central venous catheter removal; both of these QCIs
were strongly associated with reduced mortality, suggesting
the importance of implementing this approach. In fact, by an-
alyzing the impact of each QCI on mortality risk, the most ef-
fective bundles in reducing mortality were early targeted
antimicrobial therapy and surgical source control within
72 hours of diagnosis of deep-site infection; in addition,
FUBCs and imaging within 72 hours of BSI onset influenced
mortality, although these last 2 probably were indirectly relat-
ed, as they resulted in better management of the BSIL
Moreover, our study confirmed that a shorter duration of anti-
biotic therapy was not associated with a different mortality or
infection recurrence rate when compared with a longer course.

The study has several limitations. First, it should be remem-
bered that patients were not randomized to receive a specific
management protocol. Therefore, unobserved biases (eg, im-
provement of general patient care in the post-phase period,
Hawthorne effect, and others) may have influenced results.
For instance, differences in the 2 groups were observed in the
rate of metastatic solid cancer, which was found more frequent-
ly in the postintervention period, whereas onset with septic
shock was more frequent in the pre-phase.

Second, in this study the provided antimicrobial therapy was
not analyzed in detail. Indeed, we acknowledge that several fac-
tors, including pharmacokinetics/pharmacodynamic (PK/PD)
dosage optimization, use of mono or combination therapies,
and route of administration (intravenous or oral), significantly
impact survival of patients. However, all therapies were pre-
scribed by an ID specialist during the pre- and postintervention
periods according to good clinical practice principles and hos-
pital internal guidelines and were assumed to be appropriate;
accordingly, no significant modification was expected in the
post-phase.

Another potential limitation could be represented by the fact
that in some patients several bundles were also applied in the
pre-phase: Indeed, the management of GN-BSIs was guided
by ID consultation requested by the attending physicians of
all enrolled patients, even in the pre-phase. Nevertheless,
quasi-experimental study designs applied to quality improve-
ment projects represent, by definition, real-life clinical experi-
ence. In addition, it should be stated that this study may be

underpowered to detect differences in infection recurrence/re-
lapse rates.

Lastly, as this was a single-center study, external validation is
warranted.

In conclusion, our study shows that improving adherence to
selected QCI indicators was effective in reducing mortality, du-
ration of antibiotic treatment, and adverse events to antibiotics,
without increasing the risk of recurrence/relapse of infections.
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