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ABSTRACT

Background: Antibiotic Stewardship Programs (ASP) have improved empirical and directed antibiotic treatment 
in Gram-negative Bacilli (GNB) bloodstream infections. A decrease in mortality, readmission, and length of 
hospitalization has been reported.
Materials and Methods: A pre–post-quasi-experimental study was conducted between November and April 2015–2016 
(pre-intervention period), 2016–2017, 2017–2018, and 2018–2019 (post-intervention periods), to analyse the impact 
of ASP on empirical, directed, and entire treatment optimization, as well as mortality, readmission, and length of 
hospitalization, in hospitalized patients with Gram-negative bacilli (GNB) bloodstream infections.
Results: One hundred seventy-four patients were included (41 in the pre-intervention group, 38 in the first-year 
post-intervention group, 50 in the second-year post-intervention group, and 45 in the third-year post-intervention 
group). There was a significant improvement in directed treatment optimization (43.9% in the pre-intervention 
group, 68.4% in the first-year post-intervention group, 74% in the second-year post-intervention group, and 88.9% 
in the third-year post-intervention group, P <0.001), as well as in entire treatment optimization (19.5%, 34.2%, 
40.0%, and 46.7%, respectively, P=0.013), with increased optimal directed (adjusted odds ratio [aOR], 3.71; 95% 
confidence interval [CI], 1.60–8.58) and entire treatment (aOR, 3.31; 95% CI, 1.27–8.58). Although a tendency toward 
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BACKGROUND

Antibiotic Stewardship Programs (ASP) are designed 
to optimize the use of antimicrobials, improve clinical 
outcomes of patients with infections, minimize adverse 
effects, and ensure cost-effective treatments [1, 2]. One 
of the main strategies consists of prospective audits 
formulated through individualized non-compulsory 
recommendations that help to optimize antibiotic 
treatment [1, 2]. The ASP represents an important 
educational task for the prescribing physician because the 
recommendations can be applied in future prescriptions 
[1], resulting in learning by both parties, consultant, and 
prescriber. One of the scenarios for these interventions 
is bacteremia [1], specifically in patients with Gram-

negative bacilli (GNB) infections. Some authors have 
shown an improvement in optimizing antibiotic treatment 
for bacteremia after establishing an ASP [3-9], including 
GNB bacteremia [10, 11]. Improvement in clinical outcomes 
such as mortality [3, 6, 12] and mean length of hospital 
stay [9, 13] have also been observed. Different studies 
have analysed the impact of an ASP intervention on GNB 
bacteremia. However, after reviewing the literature, we 
have not found studies evaluating the improvement in 
antibiotic treatment optimization and its evolution over 
time, as well as changes in mortality, hospital stay, or 
readmissions.

In this retrospective study, we compared the optimization 
rate of antibiotic treatment (empirical, directed, and 
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improvement was observed in empirical treatment after ASP implementation, it did not reach statistical significance 
(41.5% vs. 57.9%, P=0.065). No changes in mortality, readmission, or length of hospitalization were detected.
Conclusion: ASP implementation improved both directed and entire treatment optimization in patients with GNB 
bloodstream infections over time. Nevertheless, no improvement was found in clinical outcomes such as mortality, 
readmission, or length of hospitalization.

Keywords: Antibiotic stewardship programs; Bloodstream infections; Gram-negative bacilli
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entire) before and after implementing an ASP-bundled 
intervention in patients hospitalized with GNB bacteremia. 
As secondary endpoints, we tried to assess the 
acceptance of recommendations, made by the ASP team, 
mortality, readmission rates, and hospital length.

MATERIALS AND METHODS

1. Study design and population
We conducted a retrospective pre-/post-intervention 
study to analyse the impact on antibiotic prescription 
and clinical outcomes of an ASP intervention focalized on 
hospitalized patients with GNB bacteremia. The inclusion 
criteria were critically ill adult patients admitted to the 
Hospital Clínico Universitario of San Juan de Alicante, 
Spain, a 400-bed tertiary care teaching facility, for at 
least 24 hours, with GNB isolated from blood cultures, 
before and after the implementation of an ASP- bundled 
initiative. The pre-intervention period was from November 
1st, 2015, to April 30th, 2016, and the three post-
intervention periods were the same in 2016–2017, 2017–
2018, and 2018–2019.

Exclusion criteria for the study were: 1) patients whose 
blood cultures were collected in an Intensive Care Unit 
admission, 2) patients admitted to the Infectious Diseases 
ward, due to the bias of belonging to the ASP, 3) patients 
who died before the results of the blood cultures were 
available, 4) polymicrobial bacteremia, and 5) patients 
who had already been evaluated with the same GNB 
bacteremia.

In the pre-intervention period, the microbiological 
procedure used for the diagnosis of bacteremia was a 
qualitative automated system of continuous monitoring 
of cultures (BD BACTECTM FX), using Plus Aerobic/F and 
Plus Anaerobic/F culture bottles. A maximum incubation 
time of five days was used. In the case of microbiological 
growth, blood cultures were extracted, performing an 
extension with a Gram stain. Depending on the staining, it 
was grown in various media and sensitivity panels. Reports 
containing the provisional results of the Gram stain and 
definitive result with an antibiogram were issued, and 
they were recorded in the patient's medical history. No 
recommendations or assessments were made by the ASP, 
except at the request of the responsible medical team.

In the post-intervention period, microbiological 
procedures were similar, but provisional and definitive 

blood culture results were directly reported to the ASP 
team. No microbiological rapid diagnostic techniques were 
used in any period.

Since May 2016, an ASP multidisciplinary team, composed 
of (at least one of each) clinical experts in infectious 
diseases, internal medicine and intensive care physicians, 
pharmacists, and microbiologists, convened daily on 
weekdays to review the treatment of bacteremia in 
hospitalized patients. Whenever any positive blood 
culture was reported, non-compulsory treatment 
recommendations were formulated in the patient's 
electronic medical records by the ASP physicians: one 
based on Gram stain information, either altering or 
maintaining the scheduled empirical treatment; and 
another after bacterial identification and obtaining the 
antibiogram, indicating the recommended antibiotic (both 
intravenous and oral), the duration of treatment, and if 
other complementary investigations were needed. These 
recommendations were conducted every weekday, for 
each positive blood culture. During weekends, positive 
blood cultures were reported to the on-call physician by 
the on-call microbiologist, and they were reviewed by the 
ASP team on the following workday. Periodic educational 
interventions, such as training sessions, were also 
conducted to improve acceptance of recommendations.

2. Ethics statement
The Research Ethics Committee of the Hospital Clínico 
Universitario of San Juan de Alicante approved this study 
(IRB code number 21/009). Obtaining informed consent 
was not compulsory due to the retrospective nature of the 
study. Data management was conducted according to the 
current legislation on the protection and confidentiality 
of data on methods, risks, and treatment (December 5th 
Organic Law 3/2018 for Protection of Personal Data and 
Guarantee of Digital Rights & 2016/679 Regulation of the 
European Parliament and of the Council of the 27th of 
April 2016).

3. Data collection and definitions
We identified the patients with GNB, isolated from 
one or more blood culture bottles, via a formal query 
in our microbiology laboratory database repository. 
Demographic characteristics, patient comorbidities, 
clinical profile, microbiological data, and outcome 
variables were collected retrospectively through the 
patient's electronic medical record. The severity of 
the illness was retrospectively assessed with the Pitt 
Bacteremia Score from the medical history [14].
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Empirical treatment was defined as the antibiotic 
administered in the first 24 hours after the extraction 
of blood cultures. Directed treatment was defined as 
the antibiotic administered after the identification of 
the microorganism and the antibiogram. Treatment was 
defined as optimal if there was in vitro activity against 
the isolated pathogen, if it was appropriate for clinical 
practice guidelines [3, 14, 15] if the dose and duration were 
adequate, and if oral route therapy had been performed. 
The optimal entire treatment was when both the empirical 
and directed treatments were considered optimal for 
patients. A recommendation made by the ASP team was 
considered accepted if the patient's attending medical 
team followed it. The source of bacteremia, as well as its 
acquisition, was established according to the definitions 
of the Centers for Disease Control and Prevention [16, 
17]. The classification of microorganisms according to 
antimicrobial resistance was conducted based on the 
criteria of Magiorakos et al. [18].

4. Data analysis
Differences in the continuous variables between the pre-
intervention and post-intervention groups were assessed 
using the Kruskal–Wallis test. Differences in the categorical 

variables were assessed using the Chi-square test or 
Fisher’s exact test when appropriate (when the expected 
frequency in one of the cells was less than 5). A value 
of P <0.05 was considered statistically significant. All 
the statistical analyses were performed using IBM SPSS 
software (version 26.0, IBM, Armonk, NY, USA).

An analysis of the association between qualitative variables 
was also performed by estimating the odds ratio (OR) in 
the univariate analysis (using Pearson's Chi-square test for 
dichotomous variables and logistic regression for non-
dichotomous variables) and the adjusted odds ratio (aOR) for 
the different covariates and confounding factors (all other 
variables associated with the independent variable in the 
univariate analysis) obtained through a multivariate analysis 
using logistic regression. Both values were reported with 
their 95% confidence intervals (CI).

RESULTS

1. Population baseline characteristics
After applying the exclusion criteria (Fig. 1), a sample 
of 174 patients with GNB bacteremia was obtained. The 
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151 positive blood cultures
from November 1st, 2015,

to April 30th, 2016

432 positive blood cultures from
November 1st to April 30th, 2016–2017,

2017–2018, and 2018–2019

66 patients met
the inclusion criteria

363 patients in which there was
intervention with the ASP

229 patients met
the inclusion criteria

133 patients in
the post-intervention group

41 patients in
the pre-intervention group

85 patients did not meet
the inclusion criteria

69 patients in which there was
no intervention with the ASP

134 patients did not meet
the inclusion criteria

96 patients met the
exclusion criteria

38 patients in the first-year
post-intervention group

50 patients in the second-year
post-intervention group

45 patients in the third-year
post-intervention group

25 patients met
the exclusion criteria

Figure 1. Flow chart for patient selection and inclusion and exclusion criteria.
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pre-intervention group included forty-one patients, 
and the three post-intervention period groups included 
133 patients (38, 50, and 45 patients, respectively). 

Demographic, clinical, and microbiological characteristics 
are shown in Table 1.
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Table 1. Demographic, clinical, and microbiological characteristics of the patients, by group

Variable Total  
N=174

Pre- interventiona 
N=41

Post-intervention 
1st yearb  

N=38

Post-intervention 
2nd yearc  

N=50

Post-intervention 
3rd yeard  

N=45

P-valuee

Sex 0.488
Woman 88 (50.6) 21 (51.2) 23 (60.5) 22 (44.0) 22 (48.9)
Man 86 (49.4) 20 (48.8) 15 (39.5) 28 (56.0) 23 (51.1)

Age (years) 75 (66–85) 72 (63–84.5) 74.50 (62–84) 75 (65.75–86) 80 (68–86.5) 0.528f

Service 0.853
Medical 145 (83.3) 34 (82.9) 32 (84.2) 40 (80.0) 39 (86.7)
Surgical 29 (16.7) 7 (17.1) 6 (15.8) 10 (20.0) 6 (13.3)

Diabetes mellitus 43 (24.7) 14 (34.1) 4 (10.5) 13 (26.0) 12 (26.7) 0.102
Cardiovascular disease 53 (30.5) 14 (34.1) 16 (42.1) 11 (22.0) 12 (26.7) 0.196
Neurological disease 44 (25.3) 9 (22.0) 9 (23.7) 14 (28.0) 12 (26.7) 0.912
Chronic pneumopathy 41 (23.6) 8 (19.5) 10 (26.3) 17 (34.0) 6 (13.3) 0.104
Chronic liver disease 12 (6.9) 10 (24.4) 0 2 (4.0) 0 <0.001
Chronic renal disease 65 (37.4) 12 (29.3) 15 (39.5) 15 (30.0) 23 (51.1) 0.111
Neoplasm 0.982

Solid 52 (29.9) 12 (29.3) 11 (28.9) 16 (32.0) 13 (28.9)
Hematologic 8 (4.6) 1 (2.4) 2 (5.3) 2 (4.0) 3 (6.7)

Immunosuppression 24 (19.5) 7 (17.1) 6 (15.8) 13 (26.0) 8 (17.8) 0.590
Focus 0.197

Urinary 61 (35.1) 13 (31.7) 9 (23.7) 20 (40.0) 19 (42.2)
Unknown 50 (28.7) 16 (39.0) 10 (26.3) 10 (26.3) 13 (28.9)
Abdominal 35 (20.1) 7 (17.1) 8 (21.1) 8 (21.1) 9 (20.0)
Respiratory 14 (8.0) 1 (2.4) 8 (21.1) 4 (8.0) 1 (2.2)
Venous 5 (2.9) 2 (4.9) 0 2 (4.0) 1 (2.2)
Urinary other 9 (5.2) 2 (4.9) 3 (7.9) 2 (4.0) 2 (4.4)

Origin 0.073
Community 82 (47.1) 19 (46.3) 18 (47.4) 27 (54.0) 18 (40.0)
Healthcare 61 (35.1) 12 (29.3) 9 (23.7) 4 (8.0) 6 (13.3)
Nosocomial 31 (17.8) 10 (24.4) 11 (28.9) 9 (38.0) 21 (46.7)

Pitt Indexg 1 (0–2) 1 (0–2) 1 (0–2) 1 (0–2) 0 (0–2) 0.724f

Microorganism 0.314
Escherichia coli 101 (58.0) 24 (28.5) 18 (47.4) 31 (62.0) 28 (62.2)
Klebsiella  pneumoniae 19 (10.9) 7 (17.1) 6 (15.8) 2 (4.0) 4 (8.9)
Pseudomonas aeruginosa 12 (6.9) 3 (7.3) 2 (5.3) 5 (10.0) 2 (4.4)
Haemophilus influenzae 7 (4.0) 0 4 (10.5) 2 (4.0) 1 (2.2)
Klebsiella oxytoca 5 (2.9) 1 (2.4) 1 (2.6) 1 (2.0) 2 (4.4)
Enterobacter cloacae 5 (2.9) 2 (4.9) 1 (2.6) 0 2 (4.4)
Morganella morganii 5 (2.9) 2 (4.9) 0 1 (2.0) 2 (4.4)
Proteus mirabilis 4 (2.3) 1 (2.4) 0 3 (6.0) 0
Others 16 (9.2) 1 (2.4) 6 (15.8) 5 (10.0) 4 (8.9)

Multi-resistance 0.243
MDR 55 (31.6) 13 (31.7) 7 (18.4) 16 (32.0) 19 (42.2)
XDR 1 (0.6) 0 0 1 (2.0) 0

Quantitative variables are expressed as N (%). Qualitative variables are expressed as median (interquartile range).
Disease.
aNovember 2015-April 2016.
bNovember 2016-April 2017.
cNovember 2017-April 2018.
dNovember 2018-April 2019.
eP-values based on Chi-square test, unless otherwise indicated.
fKruskall-Wallis test.
gPitt bacteremia acute severity rating index.
MDR, multidrug-resistant; XDR, extremely resistant.
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2. Assessment of prescription quality
Regarding the degree of treatment optimization (Table 2, 
Fig. 2), progressive and statistically significant increases 
in the directed (43.9%, 68.4%, 74.0%, and 88.9%,

P <0.001) and entire treatments (19.5%, 34.2%, 40.0%, 
and 46.7%, P=0.013) were obtained. In contrast, non-
statistically significant differences were found in the 
empirical treatment. Nevertheless, a trend towards 
improvement was observed when comparing the pre-
intervention group with the combined set of the 3 post-
intervention groups (41.5% compared to 57.9%, P=0.065). 
Univariate and multivariate analyses were performed 
for optimal antibiotic treatment (Table 3, and Table 4) 
for each category (empirical, directed, and entire). The 
ASP group intervention was significantly associated 
with the optimal directed treatment (aOR, 3.71; 95% 
CI, 1.60–8.58, P=0.002) and the entire treatment (aOR, 
3.31; 95% CI, 1.27–8.58; P=0.014). In addition, when we 
analysed this association depending on the period after 
the ASP intervention, we found positive effects of the 

ASP intervention in the second year (aOR, 3.26; 95% CI, 
1.25–8.50; P=0.015 for the directed treatment, and aOR, 
3.07; 95% CI, 1.08–8.74; P=0.035 for the entire treatment) 
and in the third year (aOR, 9.23; 95% CI, 2.60–32.69; 
P=0.001 for the directed, and aOR, 5.14; 95% CI, 1.73–15.31; 
P=0.003 for the entire).
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Table 2. Optimization of treatment, exitus, readmissions, and hospital stay in the different periods of the study

Variable Total  
N=174

Pre- interventiona 

N=41
Post-intervention 

1st yearb  
N=38

Post-intervention 
2nd yearc  

N=50

Post-intervention 
3rd yeard  

N=45

P-valuee

Optimal empirical treatment 94 (54.0) 17 (41.5) 23 (60.5) 27 (54.0) 27 (60.0) 0.273
Optimal directed treatment 121 (69.5) 18 (43.9) 26 (68.4) 37 (74.0) 40 (88.9) <0.001
Optimal entire treatment 65 (37.4) 8 (19.5) 13 (34.2) 20 (40.0) 21 (46.7) 0.013
Duration of treatment (days) 14 (10–14) 14 (11–16.5) 14 (10–16.2) 14 (10–14) 14 (10–14) 0.615f

Exitus at 30 days 23 (13.2) 6 (14.6) 6 (15.8) 6 (12.0) 5 (11.1) 0.912
Readmission at 30 days 24 (13.8) 6 (14.6) 3 (7.9) 9 (18.0) 6 (13.3) 0.596
Hospital stays (days) 7 (4–12) 8 (5–15.5) 9.5 (5.7–20.7) 6 (4–9) 5 (4–8) 0.001f

Quantitative variables are expressed as N (%). Qualitative variables are expressed as median (interquartile range).
aNovember 2015-April 2016.
bNovember 2016-April 2017.
cNovember 2017-April 2018.
dNovember 2018-April 2019.
eP-values based on Chi-square test, unless otherwise indicated.
fKruskall-Wallis test.

Pre-intervention
0

10
20
30
40
50
60
70
80
90

%

1st year post-
intervention

2nd year post-
intervention

3rd year post-
intervention

Empirical Directed Global

Figure 2. Degree of treatment optimization distributed by periods.

Table 3. Multivariate analysis of the probability of improvement from empirical, directed, and entire treatment

Variable Optimal empirical treatment Optimal directed treatment Optimal entire treatment
aORa (95% CI) P-value aORa  (95% CI) P-value aORa (95% CI) P-value

ASP intervention 2.06 (0.92–4.61) 0.078 3.71 (1.60–8.58) 0.002 3.31 (1.27–8.58) 0.014
Study period

Pre-interventionb 1 (Reference) 1 (Reference) 1 (Reference)
Post-intervention 1st yearc 2.31 (0.84–6.31) 0.103 2.28 (0.80–6.49) 0.123 2.18 (0.69–6.82) 0.183
Post-intervention 2nd yeard 1.72 (0.70–4.26) 0.240 3.26 (1.25–8.50) 0.015 3.07 (1.08–8.74) 0.035
Post-intervention 3rd yeare 2.43 (0.93–6.41) 0.072 9.23 (2.60–32.69) 0.001 5.14 (1.73–15.31) 0.003

aAdjusted Odds Ratio for the rest of the variables in the Table.
bNovember 2015-April 2016.
cNovember 2016-April 2017.
dNovember 2017-April 2018.
eNovember 2018-April 2019.
aOR, adjusted odds ratio; CI, confidence interval.
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3. ASP acceptance rate recommendations
The overall acceptance rate was 82.5%, with 93.9% for 
recommendations on empirical treatment, 79.3% for those 
on directed treatment, and 73.1% for treatment duration. 
No significant differences were found between medical 
and surgical services (83.6% vs. 80.4%, P=0.800).

4. Clinical outcome (Table 2 and Table 5)
Length of hospitalization was significantly and progressively 
reduced over the periods studied from 9.5 days (95% CI, 
5.75–10.75) in the pre-intervention period to 8 days (95% 
CI, 5–15.5), 6 days (95% CI, 4–9), and 5 days (95% CI, 4–8), 
respectively, in the three post-intervention ASP periods.

Although ASP intervention was not associated with 
reduced mortality or readmission rates, an association 
with a reduced length of hospitalization (greater than 7 
days) was observed in the univariate analysis (OR, 0.47; 
95% CI, 0.23–0.96; P=0.035). However, in the multivariate 
analysis, this association was not found (aOR, 0.69; 95% 
CI, 0.27–1.73; P=0.424).

DISCUSSION

Few studies have described an ASP approach to non-
critically ill patients with GNB bacteraemia. Like most of 
these series, our ASP program intervention significantly 
improved and optimized targeted antibiotic treatment in 
GNB bloodstream infections.

Regarding the quality of the prescription analysis, 
our results are also like those described in other GNB 
bacteremia ASP interventions. Elligsen et al. showed an 
improvement (44% to 55%) after the implementation of 
an ASP based on predictive models [10]. Similarly, Yanai 
et al. showed an increase in the degree of adequacy of 
antibiotic treatments (53.2% to 89.3%) in bacteremic 
urinary tract infections [11]. Other studies have also 
described similar prescription quality improvements after 
ASP implementation [3, 4, 8]. In a recent Spanish study, 
the establishment of a bacteremic ASP intervention was 
associated with a 2-fold increased probability of having an 
optimal directed treatment [5].
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Table 4. Multivariate analysis of the association between the intervention and clinical outcome variables

Variable Mortality after 30 days Readmissions after 30 days Hospital stay >7 days
aORa (95% CI) P-value aORa (95% CI) P-value aORa(95% CI) P-value

ASP intervention 0.87 (0.27–2.80) 0.814 0.81 (0.26–2.58) 0.725 0.69 (0.27–1.73) 0.424
Period of study

Pre-interventionb 1 (Reference) 1 (Reference) 1 (Reference)
Post-intervention 1st yearc 1.99 (0.42–9.37) 0.386 0.23 (0.04–1.43) 0.116 1.91 (0.62–5.93) 0.261
Post-intervention 2nd yeard 0.76 (0.18–3.14) 0.701 1.50 (0.40–5.56) 0.546 0.65 (0.22–1.90) 0.436
Post-intervention 3rd yeare 0.57 (0.13–2.54) 0.462 0.73 (0.17–3.13) 0.671 0.24 (0.70–0.82) 0.023

aAdjusted Odds Ratio for the remaining variables with potential associations.
bNovember 2015-April 2016.
cNovember 2016-April 2017.
dNovember 2017- April 2018.
eNovember 2018-April 2019.
aOR, adjusted odds ratio; CI, confidence interval.

Table 5. Optimization of treatment, exitus, readmissions, and hospital comparing the Pre-intervention period and the whole  
post-intervention period

Variable Total  
N=174

Pre-interventiona  
N=41

Post-interventionb  
N=133

P-valuec

Optimal empirical treatment 94 (54.0) 17 (41.5) 77 (57.9) 0.065
Optimal directed treatment 121 (69.5) 18 (43.9) 103 (77.4) <0.001
Optimal entire treatment 65 (37.4) 8 (19.5) 57 (42.9) 0.007
Duration of treatment (days) 14 (10–14) 14 (11–16.5) 14 (10–14) 0.429d

Exitus at 30 days 23 (13.2) 6 (14.6) 17 (12.8) 0.759
Readmission at 30 days 24 (13.8) 6 (14.6) 18 (13.5) 0.858
Hospital stays (days) 7 (4–12) 8 (5–8) 7 (4–7) 0.116d

Quantitative variables are expressed as N (%). Qualitative variables are expressed as Median (Interquartile range).
aNovember 2015-April 2016.
bNovember 2016-April 2019.
cP-values based on Chi-square test, unless otherwise indicated.
dKruskall-Wallis test.



Most of those studies evaluated the ASP intervention on 
GNB bacteremia in before-after periods, but an evaluation 
over time was not reported. In contrast, in the present 
study, the results have shown that the rate of optimal 
targeted treatment significantly increased over time 
(43.9% in the pre-intervention period and 68.4%, 74%, 
and 88.9% in subsequent post-intervention periods). 
In addition, the latest post-intervention periods were 
associated with an increased probability (2–4-fold) of 
optimal targeted treatment in the multivariate analysis. 
These data suggest that ASP establishment not only has 
a short beneficial effect on directed treatment, but it can 
also be maintained for years. The educational role played 
by ASP intervention is beneficial to both the prescriber 
and the consultant. This process is linked to a progressive 
improvement in optimization rates.

Although the improvement in empirical treatment did not 
significantly increase during the intervention, a trend was 
reported between the pre-and post-intervention groups 
(41.5% and 57.9%), as in other series [6–9, 12, 13, 19]. It is 
possible that if a larger sample size had been obtained, a 
better and larger difference would have been achieved. 
Because ineffective empirical treatment has previously 
been associated with increased mortality in patients with 
bacteremia [19–21], further efforts should be made to 
improve prescribing.

Regarding the entire treatment, no other ASP series 
has analysed this concept. However, we thought it 
was interesting to take it into account as an important 
prescription quality index. In addition, it is worth noting 
that, although our ASP intervention did not significantly 
improve the rate of empirical treatment, as an entire 
prescription, (empirical and targeted treatment together), 
the rate of optimization improved over time (19.5%, 
34.2%, 40%, and 46.7% respectively).

In the multivariate analysis with the clinical outcomes 
(mortality at 30 days, length of hospitalization, and 
readmissions at 30 days), no significant association was 
found, due to the small number of study subjects, which 
may result in low statistical power. Previous studies 
have shown different results; whereas some of them 
reported an association between ASP treatment and 
mortality rates [3, 6, 12], readmission rates [22, 23], and 
length of hospitalization [9, 13], other studies did not find 
differences [5, 8, 24], including no differences in mortality 
and recurrence rates in GNB bacteremia [23]. These 
discrepancies across studies can be explained by many 

other factors, such as infection severity, comorbidities, or 
the source of the infection.

It is possible that significant differences in mortality rates, 
length of hospitalization, etc. could not be identified. 
These discrepancies across studies can be explained 
by many other factors, such as infection severity, 
comorbidities, or the source of the infection. Another 
potential limitation is that the study was conducted at a 
single center. As this is an observational study conducted 
at a single institution with 400 beds, it is difficult to 
generalize the results and may also be difficult to apply to 
other large institutions.

In conclusion, as previously described, an ASP improves 
the prescription of directed and entire treatment in GNB 
bacteraemia. ASP recommendations are beneficial because 
they produce change in prescribers, due to their formative 
and educational nature. More studies are needed to assess 
the extent to which this improvement occurs, and which 
interventions are most appropriate for each scenario.
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