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ABSTRACT 

Introduction. Empirical antibiotic therapy is essential for treating bloodstream infections (BSI), yet 

there is limited evidence from resource-limited settings. We quantified the association of 

inappropriate empirical antibiotic therapy (IEAT) with in-hospital mortality and the associated burden 

on BSI patients in Chile. 

Methods. We used a retrospective multicentre cohort study of BSI cases in three Chilean tertiary 

hospitals (2018-2022) to assess the impact of IEAT on 30-day and overall in-hospital mortality and 

quantify excess disease and economic burdens associated with IEAT. We determined the 

appropriateness of pathogen-antimicrobial pairings based on in-vitro susceptibilities and pathogen-

corresponding antibiotic treatment, allowing a 48-hour window after the initial blood culture. We 

addressed confounding using propensity scores and inverse probability weights (IPW). We used IPW-

weighted logistic competing-risk survival models, including time-varying independent variables after 

blood tests as controls.  

Results. Among 1,323 BSI episodes, 432 (33%) received IEAT, with an average time to adequate 

therapy of 4.6 days. Compared to adequate treatment, IEAT was associated with 30-day and overall 

mortality risks that were 1.31 and 1.24 times higher, respectively. These risks were further inflated 

between 2- and 4-fold when ARB was included. Competing-risk models showed associations between 

IEAT and IEAT-ARB combinations with in-hospital mortality. Accounting for time-varying variables 

yielded similar results. The economic burden of IEAT resulted in an additional cost of ~$9,900 from 

premature mortality and 0.46 DALYs per patient with BSI. 

Conclusion. Approximately one in three patients received IEAT, often associated with ARB. IEAT 

was linked to increased mortality risk and higher economic costs. Timely appropriate treatment, early 

pathogen detection, and resistance profiling are likely to improve health and financial outcomes at the 

population level.  

Keywords: Antibiotic resistance; bloodstream infection; empirical antibiotic treatment; burden of 

disease; mortality; Latin America. 
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KEY MESSAGES 

What is already known on this topic 

Empirical antibiotic therapy, i.e., using antibiotics based on clinical judgment before laboratory tests 

are available, is pivotal in optimizing patient outcomes, especially in life-threatening conditions such 

as bloodstream infections (BSIs). Existing studies from the United States and Europe have 

underscored the consequences of inappropriate empirical antibiotic therapy (IEAT), ranging from 

prolonged hospital stays to increased mortality rates. However, drawing comprehensive conclusions 

from existing studies is challenging due to substantial differences in study populations, access to 

healthcare, resources available, risk adjustment methods, definitions of IEAT, and limited sample 

sizes. Despite the considerable burden of antibiotic resistance in countries with limited resources, 

there is a shortage of studies on the effects of IEAT, particularly in Latin America.  

 

What this study adds 

Our research quantified the association of IEAT with in-hospital mortality using a retrospective 

analysis encompassing 1,217 patients (1,323 BSI episodes) from three tertiary hospitals located in the 

north, centre, and south of Chile. We focused on patient-specific characteristics of BSIs induced by 

pathogens categorized as critical and high-priority by the World Health Organization (WHO). This 

study is unique in the region in analysing the prevalence and the disease and economic consequences 

of IEAT, using hospital mortality as our primary outcome. The results showed that over one-third of 

the patients experienced IEAT, with Enterobacterales and Staphylococcus aureus resistant to 

empirical treatment being the predominant causative agents for BSIs. Episodes associated with 

resistant bacteria were approximately twice as likely to involve IEAT. On average, IEAT was 

associated with elevated risks of in-hospital mortality and increased economic costs. 

How this study might affect research, practice, or policy 

There is an urgent need to enhance national strategies to combat the emergence and spread of 

antibiotic resistance. Research to uncover the reasons behind lapses in empirical antibiotic coverage 

across various settings and patient groups is essential. Implementing system-wide measures to refine 

prescription practices can potentially improve survival rates for patients with BSI. Promptly detecting 

bloodstream pathogens, particularly Enterobacterales and S. aureus, along with their resistance 

patterns, can substantially improve the prognosis for patients with BSIs.  
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BACKGROUND 

Globally, bloodstream infections (BSIs), especially those attributed to antibiotic-resistant bacteria 

(ARB), pose a critical public health challenge.1-4 These infections lead to substantial morbidity and 

mortality and impose an enormous economic burden on healthcare systems,5-7 particularly among 

vulnerable populations.8 Empirical antibiotic therapy for BSIs is typically prescribed based on clinical 

judgment, typically before the identification of the causative agent and its corresponding antibiotic 

susceptibility. This approach is common because of the necessity to initiate treatment promptly, 

outpacing the time required to await microbiological test results. Unfortunately, empirical antibiotic 

therapy can result in the use of inappropriate antibiotics, with potentially severe consequences.9,10 

 

One of the primary consequences of inappropriate empirical antibiotic therapy (IEAT) is the 

prolonged duration of infection, which can lead to health complications, including increased 

mortality. A recent systematic review estimated a pooled adjusted odds ratio (OR) of 2.02 (95% CI: 

1.86-2.20) among BSI patients receiving IEAT, compared to appropriate treatment,10 with 

Enterobacterales accounting for the highest estimates (OR: 4.35, 95% CI: 1.28–14.76). Additionally, 

IEAT can extend the length of hospital stays by at least two additional days,11,12 increasing the risk of 

nosocomial infections and worsening the patient's overall condition. IEAT BSIs also increase the 

likelihood of requiring intensive care unit (ICU) admission, significantly increasing the resources and 

costs associated with patient care.13,14 The rise in ICU admissions, the need for additional diagnostic 

tests, and more complex treatment regimens contribute to escalating hospital and patient expenditures. 

Moreover, ARB, a consequence of inappropriate antibiotic use, necessitates investment in newer, 

often more expensive antibiotics, further straining healthcare budgets.15,16 From an economic 

perspective, IEAT imposes substantial costs on healthcare systems.15 Some studies have examined the 

impact of sociodemographic determinants on ARB;2,17 however, the current understanding of 

clinically relevant factors, such as empirical antibiotic therapy, remains poor, especially in resource-

constrained countries.10  

 

Despite the substantial mortality rates associated with ARB in the Americas (56.3 deaths per 100,000 

individuals, 95% uncertainty interval UI 40.2-76.3),4 evidence of IEAT in Latin America remains 
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sparse and limited to Brazil.18,19 Understanding IEAT is critical, as it has important implications for 

patient outcomes and quality of care. Factors such as healthcare practices, access to care, patterns of 

antibiotic use, healthcare inequalities, pre-existing conditions, and limited resources, including 

diagnostic capabilities and antibiotics, may amplify the health and economic burden of IEAT in this 

region. Notably, Chile has the highest estimated proportion of infection deaths associated with ARB 

(48.2%, 95% UI: 46.0–50.3),4 and the proportion of critical priority ARB has steadily increased in the 

past decade.17,20  

 

We aimed to quantify the association of IEAT with in-hospital mortality and the economic burden of 

patients diagnosed with BSIs using a societal perspective. The study was conducted in three tertiary 

public hospitals in the north, centre, and south of Chile. We hope our results will help inform efforts 

to mitigate ARB and improve patient outcomes in settings with limited resources.  

 

METHODS 

Study design, settings, and participants  

We conducted a retrospective cohort study in three tertiary hospitals in Chile from 2018 through 

2022. These hospitals, located in northern, central, and southern regions, each have a bed capacity 

ranging between 400-500, with 25,000-30,000 annual discharges per hospital. Our study focused on 

adult patients (>15 years of age) with laboratory-confirmed monomicrobial bacterial BSI and 

corresponding antibiotic susceptibility testing.  Patients were recruited from general hospital wards as 

well as the emergency department. Exclusion criteria applied to pediatric patients and those in 

maternity or psychiatric wards. The sample focused on patients with BSI (detection of a pathogen of 

interest in at least one blood culture bottle) caused by Acinetobacter baumannii, Pseudomonas 

aeruginosa, Enterobacteriaceae, Enterococcus spp., or Staphylococcus aureus. Polymicrobial 

infections were excluded from the sample (1.9%). All three hospitals had automated blood culture 

systems, used the automated Phoenix-100 platform (BD Diagnostic) for antimicrobial susceptibility 

testing, and followed the 2022 Clinical and Laboratory Standards Institute (CLSI) guidance.21 Isolates 

recovered from blood cultures obtained more than seven days apart were considered independent BSI 

episodes.22 We excluded those occurring before the seven-day gap (1.3%). A total of 1,323 BSI 

episodes among 1,217 patients were included in our sample (Supplemental Figure S1). 
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Outcomes and covariates 

Inappropriate empirical antibiotic therapy (IEAT) 

Empirical antibiotic therapy was considered as the initiation of antibiotics during the period between 

obtaining the blood cultures and the moment the full microbiology report with species identification 

and antimicrobial susceptibility was available. Empirical antibiotic therapy was deemed appropriate if 

at least one antibiotic with in vitro activity was administered within the first 48 hours upon blood 

culture collection, depending on each specific pathogen and phenotype (Supplemental Tables S1-S2). 

A single dose administered with in vitro susceptibility was also considered appropriate during this 

period. Antibiotic selection and dosage were selected by treating physicians based on clinical 

judgment and patient characteristics. ARB of interest included carbapenem-resistant A. baumannii 

(CRAB), carbapenem-resistant Enterobacterales (CRE), carbapenem-resistant P. aeruginosa (CRPA), 

methicillin-resistant S. aureus (MRSA) and vancomycin-resistant enterococci (VRE), following the 

WHO’s priority pathogen list.23  

 

In-hospital mortality 

Mortality status was determined from hospital death records. We focus on two primary endpoints: 

overall in-hospital mortality and in-hospital mortality at 30 days following the index blood culture. 

We did not account for deaths outside hospitals due to loss of follow-up.  

 

Patient’s sociodemographic and clinical characteristics 

Demographic and patient characteristics preceding the index culture were obtained from clinical 

records. These characteristics included age, sex at birth, previous hospital admissions within the last 

year (yes/no), length of hospital stay (LOS) from admission until the index blood culture, history of 

antibiotic usage in the past three months (yes/no), surgical procedures, and mechanical ventilation (all 

within the past three months and recorded as a dichotomous variable). At admission, pre-existing 

health conditions were evaluated using the Charlson Comorbidity Index (CCI).24 For the BSI episode, 

we analysed whether the infection was community-acquired or hospital-acquired (defined as 

occurrence <48 hours or >48 hours following admission, respectively), source of BSI as defined by 
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the primary health team (e.g., primary, catheter-related, respiratory, gastrointestinal), presence of 

indwelling catheters, and antibiotic consumption quantified in defined daily doses (DDD) per 

antibiotic class, following WHO ATC/DDD index standards.25 Time-varying characteristics reported 

after the index culture included mechanical ventilation, admission to the ICU, and the need for any 

surgery (yes/no). Variables were selected based on their availability in hospital records, clinical 

experience, and alignment with existing literature.10 

 

Statistical analysis 

We followed methodological recommendations from a systematic review by McGregor et al.26 to 

enhance the generalisability of our results. First, we examined patient characteristics univariately, 

comparing those with appropriate empirical antibiotic therapy to those with IEAT during BSI 

episodes. Depending on the variable distribution, we used unpaired t-tests or chi-squared (χ²) tests for 

variable assessment. 

 

We used inverse probability weighting (IPW)27,28 using propensity scores at baseline to estimate the 

likelihood of receiving IEAT before BSI diagnostic or initiation of IEAT. To account for potential 

confounding, we used a logistic regression model to generate the propensity scores, adjusting for 

multiple factors related to disease severity before BSI diagnostic, such as age, mechanical ventilation, 

CCI, hospitalization, antibiotic treatment, sex, surgery, and fixed effects for pathogen, year, and 

hospital. Based on these propensity scores, we quantified predicted probabilities for receiving IEAT 

and then assigned IPW weights for (1) individuals who received IEAT (IPW weight= 1/propensity 

score) and (2) individuals who did not (IPW weight= 1/(1-propensity score)). IPW balanced baseline 

characteristics between groups receiving appropriate and inappropriate treatments by adjusting for 

confounders with propensity scores. 

 

Our analysis involved three stages. First, we estimated the average treatment effect of IEAT on in-

hospital mortality (30 days and overall) using an IPW model with logistic regressions (univariate and 

multivariate). Second, we applied a survival model using the Fine & Gray method29 to estimate 

individual probabilities of mortality over time, accounting for competing risks, such as discharge and 
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presented cumulative incidence of mortality curves. Third, we used IPW-weighted logistic and 

competing-risk models to evaluate the impact of IEAT on mortality, using univariate and multivariate 

analyses with time-invariant and time-varying variables. We examined the interaction between IEAT 

and ARB on mortality outcomes. We used patient-clustered standard errors and addressed missing 

data (<3%) with predictive mean matching across ten imputed datasets to preserve data integrity and 

avoid imputation misspecification.30  Finally, we estimated the economic costs of premature mortality 

(in 2023 USD) using the human capital approach and a societal perspective and assessed disease 

burden using disability-adjusted life years (DALYs) based on disease severity (Supplemental 

Material).  

 

All statistical analyses were performed using R version 3.4.4. and Stata v17. 

 

The study was approved by the Pontificia Universidad Católica Chile Human Research Ethics 

Committee (Protocol ID: 200706001). 

 

RESULTS 

Inappropriate empirical antibiotic therapy 

During the study period, 432 (33%) out of 1,323 BSI episodes were linked to IEAT. Supplemental 

Figure S2 shows the proportion of appropriate and IEAT by hospital. IEAT was more frequent in BSI 

involving Enterococcus spp. and P. aeruginosa, regardless of their antibiotic susceptibility profile, 

constituting 50% and 35% of the total, respectively. Overall, BSI episodes due to ARB presented 

significantly greater proportions of IEAT as compared to their antimicrobial-susceptible counterparts 

(39% and 26%, respectively, χ2 test p<0.001). For ARB, the proportions of IEAT were 67% for VRE, 

44% for MRSA, 38% for CRPA, 33% for CRE, and 32% for CRAB (Table 1). Pearson correlation 

between ARB and IEAT was ρ=0.14.  
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Table 1. Bloodstream infection episodes by empirical antibiotic appropriateness and pathogen, 

including antibiotic-resistant bacteria (n=1,323) 

 

Pathogen Resistance profile 

 

Empirical antibiotic therapy  

Total 

(N=1,323) 

Appropriate 

(N=891) 

Inappropriate 

(N=432) 

Gram-positives (n= 567)  

  Enterococcus spp.  Vancomycin-susceptible (VSE)  60 (53%) 53 (47%) 113 

      (n= 173) Vancomycin-resistant (VRE)  26 (43%) 34 (67%) 60 

 Subtotal  86 (50%) 87 (50%) 173 

      

  Staphylococcus aureus Methicillin-susceptible (MSSA)  227 (86%) 38 (14%) 265 

   (n= 394) Methicillin-resistant (MRSA)  72 (56%) 57 (44%) 129 

 Subtotal  299 (76%) 95 (24%) 394 

Gram-negatives (n=756)  

  Acinetobacter baumannii 

  (n= 61) 

Carbapenem-susceptible (CSAB)  4 (80%) 1 (20%) 5 

Carbapenem-resistant (CRAB)  38 (68%) 18 (32%) 56 

Subtotal  41 (67%) 20 (33%) 61 

      

  Enterobacterales 

  (n= 459) 

Carbapenem-susceptible (CSE)  170 (73%) 62 (27%) 232 

Carbapenem-resistant (CRE)  140 (62%) 87 (38%) 227 

Subtotal  310 (68%) 149 (32%) 459 

      

  Pseudomonas aeruginosa 

  (n= 236) 

Carbapenem-susceptible (CSPA)  51 (62%) 31 (38%) 82 

Carbapenem-resistant (CRPA)  103 (67%) 51 (33%) 154 

Subtotal  154 (65%) 82 (35%) 236 

Notes: ARB, Antibiotic-resistant bacteria. BSI, Bloodstream infections. 

Supplemental Table S3 shows significant univariate differences (p<0.05) between cohorts with 

appropriate and IEAT in their characteristics before and after the index blood culture. Differences 

include previous hospitalization history, history of an indwelling catheter, mechanical ventilation, 

transfer from another hospital, and length of hospital stay. Regarding clinical attributes post-BSI 

diagnosis, surgical interventions, mechanical ventilation, and ICU admission were more frequently 

observed in the IEAT group as compared to subjects receiving appropriate empirical antibiotic 

therapy (50.7 vs. 36.7, χ2 p<0.001; 15.7 vs. 8.1, χ2 p<0.001, and 62.7 vs. 54.7, χ2 p<0.001, 

respectively). Antibiotic consumption was 2.2-fold greater in instances of IEAT (10.2 versus 4.7 

DDDs, respectively), with the length of therapies equivalent to 12 more days among the IEAT group. 
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Antibiotic consumption was greater under IEAT, with additional five, six, and seven DDD units for S. 

aureus, Enterobacterales, and P. aeruginosa, respectively, compared to appropriate empirical 

antibiotic therapy (Figure 1, panel B). 

[Insert Figure 1 about here] 

Figure 1. Crude in-hospital mortality and antibiotic consumption, by pathogen and empirical antibiotic 

therapy appropriateness (A) Crude in-hospital mortality by pathogen and antibiotic therapy appropriateness (B) 

Crude antibiotic consumption by antibiotic therapy appropriateness and pathogen. ATB= Antibiotic. DDD= 

Daily defined dose. CI= Confidence interval. Spp= species. BC= Blood culture. DDD= Daily defined doses. 

Antibiotic classified as “Others” included lincosamides, polymyxins, monobactams, antimycobacterial and 

other antibacterial. 

Risk factors before index blood culture 

Supplemental Table S4 shows that a history of an indwelling catheter and prior surgical procedures 

before the index blood culture were independently associated with an increased likelihood of 

receiving IEAT (OR: 2.65, 95% CI: 1.90-3.68, p<0.001; OR: 1.96, 95% CI: 1.28-2.99, p<0.002, 

respectively). Conversely, a longer LOS before index blood culture was significantly correlated with a 

lower probability of IEAT administration (LOS OR: 0.99, 95% CI: 0.98-1.00, p=0.003). 

Supplemental Figure S3 presents the kernel density distributions of the predicted IEAT values, 

illustrating an overlap in scores and weights between appropriate empirical antibiotic therapy and 

IEAT (R2=40%). Similar results in risk factors were found after exploring differences by bacterial 

Gram type (Supplemental Tables S5-S6, and Figures S4-S5). 

 

In-hospital mortality 

Overall and 30-day in-hospital mortality was higher in the IEAT group as compared to those receiving 

appropriate empirical antibiotic therapy (overall in-hospital mortality: 36.3% vs. 31.9.1%, χ2 p=0.091; 

30-day mortality: 33.6% vs. 27.1%, χ2 p=0.015) (Supplemental Table S7). In examining specific 

pathogens and mortality, Figure 1 illustrates elevated in-hospital mortality rates following the index 

blood culture for patients receiving IEAT across all bacterial species except for A. baumannii (panel 

A).  
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Table 2 shows robust associations between IEAT and mortality using various model specifications 

(full regression and competing-risks model results are shown in Supplemental Tables S8-S20 and 

Figure S6). Specifically, the impact of IPW-weighted IEAT was 1.31-, and 1.24-fold larger for 30-day 

and overall in-hospital mortality (95% CI: 0.99-1.49, p=0.057; 95% CI: 1.11-1.55, p=0.001, and 95% 

CI: 1.06-1.46, p=0.008, respectively) (Table 2, Logistic models). Similar effect sizes and statistical 

significance were found after adjusting for fixed effects and time-varying variables post-BSI 

diagnosis, showing that models did not hinge on the specifications used (Table 2). ICU admission 

impacted 30-day and overall in-hospital mortality by 1.46 (p=0.004), 1.68 (p<0.001), and 1.85 

(p<0.001) greater odds in our models, respectively (Supplemental Table S12). Post BSI diagnostic 

IPW-weighted logistic models restricted to Gram-negative bacteria displayed lower impacts of IEAT 

in overall in-hospital mortality compared to Gram-positive bacteria (OR= 1.26, 95% CI=1.01-1.58, 

p=0.042; OR= 1.40, 95% CI= 1.09-1.81, p<0.001, respectively) (Supplemental Tables S16-S17).  

Table 2. Adjusted regression analyses for the impact of inappropriate empirical antibiotic therapy on in-

hospital mortality (n=1,323) 

Outcome variable Main variable OR/HR 95% CI p 

In-hospital mortality 30-days: 

Logistic model 

IEAT 1.31 1.11, 1.55 0.001 

IEAT + FE 1.31 1.10, 1.55 0.002 

IEAT + FE + TV 1.33 1.12, 1.58 0.001 

Overall in-hospital mortality:  

Logistic model 

IEAT 1.24 1.06, 1.46 0.008 

IEAT + FE 1.24 1.06, 1.47 0.009 

IEAT + FE + TV 1.28 1.08, 1.51 0.004 

In-hospital mortality:  

Competing-risks survival model 

IEAT 1.19 1.04, 1.34 0.009 

IEAT + FE 1.19 1.04, 1.35 0.010 

IEAT + FE + TV 1.20 1.05, 1.36 0.007 

Notes: Results from IPW multivariable regressions. IEAT, Inappropriate empirical antibiotic therapy. Individual-clustered 

standard errors were estimated, and all models incorporated a constant term except for the competing risks model. IPW= 

Inverse probability weighting. CI Confidence interval. OR= Odds ratio, HR= Hazard ratio. FE, Fixed effect “time unvarying” 
variables including hospital and year. TV= Time-varying variables, including intensive care unit admission after BC, surgery 

after BC, and mechanical ventilation after BC. All models included a constant term. Supplemental Tables S8-S20 contain full 

results of the regression and competing-risk models. 
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The competing-risks survival model also showed a robust association between IEAT and in-hospital 

mortality while accounting for hospital discharge. Indeed, the IPW-weighted model accounting for 

time fixed-effects and post-BSI diagnosis independent variables suggested greater in-hospital 

mortality among IEAT (HR= 1.20, 95% CI= 1.05-1.36, p=0.007) compared to appropriate empirical 

antibiotic therapy (Table 2, lower panel, Figure 2, panel A, and Supplemental Table S21). ICU 

admission after BSI diagnosis was the most significant contributing factor to mortality (HR=1.60, 

95% CI= 1.36, 1.88, p<0.001) (Supplemental Table S20). Administration of IEAT to individuals with 

Gram-positive bacteria was associated with the highest in-hospital mortality burden (HR=1.36, 95% 

CI = 1.12-1.66, p<0.002) (Supplemental Table S20). 

[Insert Figure 2 about here] 

Figure 2. IPW-weighted cumulative incidence of hospital mortality using the competing-risks model 

controlling for time-unvarying and time-varying independent variables. (A) Cumulative incidence of hospital 

mortality by empirical antibiotic therapy appropriateness. (B) Cumulative incidence of hospital mortality by 

empirical antibiotic therapy appropriateness and antibiotic resistance. Notes: ARB, Antibiotic-resistant bacteria; 

ATB, Antimicrobial; BSI, Bloodstream infections. Estimates were IPW-weighted. IEAR= Inappropriate 

empirical antibiotic therapy. AEAT= Appropriate empirical antibiotic therapy. ASB= Antibiotic susceptible 

bacteria. Supplemental Table S21 shows the number of individuals at risk at 10, 20, 30, 40, 50 and 60 days. 

Table 3 shows the IPW-weighted regression results for the combined impacts of IEAT and ARB on 

in-hospital mortality. The logistic models showed statistically significant (p<0.001) combined impacts 

between IEAT and ARB in the order of 1.78- and 1.82-times greater 30-day and overall in-hospital 

mortality, respectively. A similar association was observed after adjusting for competing risks 

(HR=1.61, 95% CI=1.35-1.93, p<0.001) (Figure 2, panel B, and Supplemental Table S21). 
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Table 3. Adjusted regression analyses for the combined impact of inappropriate empirical antibiotic 

therapy and antibiotic-resistant bacteria on in-hospital mortality (n=1,323) 

Outcome variable Main variable OR/HR 95% CI p 

In-hospital mortality 30-days: 

Logistic model 

AEAT + ASB Reference   

AEAT + ARB 1.38 1.08, 1.76 0.010 

IEAT + ASB 1.17 0.91, 1.51 0.221 

IEAT + ARB 1.78 1.43, 2.22 <0.001 

Overall in-hospital mortality:  

Logistic model 

AEAT + ASB Reference   

AEAT + ARB 1.38 1.10, 1.75 0.006 

IEAT + ASB 0.99 0.77, 1.26 0.913 

IEAT + ARB 1.82 1.47, 2.25 <0.001 

In-hospital mortality: 

Competing-risks survival model 

AEAT + ASB Reference   

AEAT + ARB 1.31 1.07, 1.61 0.009 

IEAT + ASB 1.01 0.81, 1.25 0.916 

IEAT + ARB 1.61 1.35, 1.93 <0.001 

Notes: Results from IPW multivariable regressions. ASB, Antibiotic-susceptible bacteria. ARB, Antibiotic-resistant 

bacteria. IEAT, Inappropriate empirical antibiotic therapy. AEAT= Appropriate empirical antibiotic therapy. 

Individual-clustered standard errors were estimated, and all models incorporated a constant term except for the 

competing risks model. IPW= Inverse probability weighting. CI Confidence interval. OR= Odds ratio, HR= Hazard 

ratio. All models included a constant term. 

Economic costs associated with premature mortality and disability-adjusted life-years 

The excess cost associated with premature mortality resulting from IEAT was estimated at an average 

of about $9,883 per patient, with excess DALYs gauged at 0.46 per individual. Assuming that our 

multicentre sample of patients was representative of the BSI adult patients in the country, 

extrapolating these findings to the national level based on the Global Burden of Disease estimates of 

national BSI incidence in 20194 suggests about ~$4.2 million in excess costs and around ~200 excess 

DALYs annually.  

 

DISCUSSION 

Our study provides estimates of the impact of IEAT among patients presenting with BSIs in three 

Chilean hospitals between 2018 and 2022. Our findings suggest that IEAT substantially impacted 30-

day and overall in-hospital mortality among all BSI episodes. Notably, the impact was substantially 

higher among ARB BSIs for mortality outcomes, with Gram-positive bacteria exhibiting the highest 
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burdens. These results provide an estimate of the potential economic and health burden associated 

with the impact of IEAT and underscore the importance of addressing and improving empirical 

antibiotic therapy practices to enhance patient outcomes, particularly in the context of ARB in settings 

with limited resources. 

 

We found that 33% of patients received IEAT. Although IEAT definitions can vary substantially in 

the scientific literature, a recent systematic review and meta-analyses of 27 studies utilising similar 

IEAT definition found that IEAT was ~50% among severe infections,31 and another report estimated 

~30% of IEAT among 9,962 patients with BSIs10. Notably, only two studies in these analyses were 

from Latin America10, specifically from Brazil.18,19 Guilarde and colleagues found that IEAT was 39% 

among S. aureus BSIs18 in a 350-bed Brazilian hospital, whereby we found it to be 24% among our 

sampled patients. Contrastingly, Tuon et al. found that IEAT did not impact health outcomes among 

Klebsiella pneumoniae BSI patients, but IEAT was ~47% among 104 patients from a 660-bed 

tertiary-care hospital in Brazil.19 Our data showed lower proportions of IEAT among Enterobacterales 

(32%). Our study had a larger sample size than previous studies representing the most substantive 

work to date to help understand the disease and economic burden of IEAT in the region.  

 

Previous studies have found that patients with ARB BSIs were more likely to receive IEAT,10,31,32 

consistent with our findings. Despite the introduction of antibiotic stewardship initiatives, refinement 

of rapid diagnostic methodologies, and formulation of guidelines potentially contributing to 

improvements,17,33,34 the challenge of selecting suitable therapy persists, especially in the context of 

ARB. Our study reveals that the transition to appropriate treatment among patients with IEAT 

occurred, on average, around 4.6 days after the index blood culture (time zero is culture collection). 

Current practice typically results in a 48 to 72 hours waiting period from the initial culture to finalised 

microbiology results.35 Therefore, we hypothesize that the prolonged duration to initiate adequate 

therapy aligns with the norms inherent in culture and susceptibility protocols. To address this 

challenge, integrating advanced strategies and innovative diagnostic tools36 is crucial to expedite 

effective therapeutic interventions upon the availability of culture results. Failing to optimise this 

window could extend the duration of the infection and worsen patient outcomes and prognosis. 
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Our findings corroborate those found previously regarding IEAT impacts on mortality.10,15,16,32,37 A 

recent meta-analysis found that, for empirical antibiotic treatment before culture, results had an 

adjusted pooled estimate on mortality of OR 2.45 (95% CI= 1.95-3.08, p<0.001), after analysing 30 

studies.10 Yet, most studies from the review were from high-resource countries, focused on single-

strain bacteria, and used multivariable analyses without adjusting for baseline confounding factors, 

such as using IPW techniques. After adjusting for IPW and including five pathogens simultaneously, 

we found more conservative estimates regarding 30-day mortality and in-hospital mortality (OR 1.33 

and HR 1.28, respectively).  

 

The association between IEAT and mortality is complex, and results should be interpreted cautiously. 

Several conditions might affect this association. First, some studies suggest that specific β-lactam 

antibiotics, although deemed ineffective, retain some efficacy against pathogens producing BSIs (e.g., 

MRSA38). This could explain why MRSA BSI episodes continued to receive β-lactam antibiotics after 

blood results (Figure 1). It is possible that outcomes were not fully captured; perhaps these patients 

manifested clinical amelioration under the purportedly ineffective regimen. Second, while 

glycopeptides are generally regarded as suitable for addressing MSSA BSI, evidence suggests that 

vancomycin is not as effective as β-lactam antibiotics for severe MSSA infections,39 for example. 

Interestingly, among the group receiving IEAT, patients with BSIs due to ARB exhibited 1.61- and 

1.82 times higher mortality compared to patients infected with antimicrobial-susceptible pathogens. A 

recent review found 2.34-times (95% CI = 1.30-4.21) and 2.40-times (95% CI =1.21-4.74) greater 

mortality among MRSA and CRE10 receiving IEAT, respectively. Our lower estimates may be due to 

the use of IPW. Still, observed differences may also be explained by other factors, such as regional 

healthcare practices, patterns of antibiotic use, or could reflect microbiological differences in the 

virulence of the infecting organisms. 

 

We found that IEAT was correlated with substantial morbidities and costs, as evidenced by an 

increased risk of ICU admissions. This finding aligns with a matched parallel cohort study in Spain40 

that reported a higher rate of ICU admission in patients with BSIs associated with IEAT. In our fully 



                               

 16 

adjusted models, we found an increase in the rate of ICU admissions on in-hospital mortality among 

Gram-negative bacteria. This is compounded by the increasing pathogenicity among Enterobacterales 

in Chile and South America,4 with the emergence of carbapenemases following the advent of the 

COVID-19 pandemic.41 Our results are consistent with the 2021-year predictor of IEAT 

(Supplemental Table S15) and a recent study from Chile that observed an increased CRE incidence of 

Enterobacterales (from 12.8% pre-COVID-19, March 2018-2020, to 51.9% post-COVID-19, March 

2020-2022), including the emergence of novel genomic lineages.20 This increase mirrors broader 

trends of heightened antibiotic usage during the COVID-19 pandemic, notably among broad-spectrum 

β-lactams (from 78.1 to 142.5 DDD per 1,000 patient days) and carbapenems (from 4.1 to 13.3 DDD 

per 1,000 hospital-days), potentially reflecting pandemic-related healthcare impacts in our study 

results.20  

 

Consistent with previous studies that assessed the economic implications of IEAT, with additional 

costs ranging from $750 per patient/day42 to an aggregate of $10,000 per patient,43 our study also 

highlighted a significant economic burden associated with IEAT ($9,883 per patient from a societal 

perspective). Implementing strategies to improve the use of antimicrobials, such as enforced 

antimicrobial stewardship programs and hospital guidelines (Supplemental Table S22), could mitigate 

hospital expenses by approximately 48.4% and improve health outcomes, as a previous study focusing 

on hospital long-term impacts in Chile has estimated.33 Failing to optimise this window could extend 

the duration of the infection and worsen patient outcomes and prognosis. 

 

Our study has some shortcomings. As an observational retrospective cohort study, unobserved 

confounding may have impacted our estimates. For instance, as with other studies,37 we did not 

account for disease severity at the time or after culture results (e.g., Pitt’s bacteremia score44 or septic 

shock) due data limitations, which could affect our findings. To mitigate bias, we used IPW methods 

and adjusted for baseline risk factors associated with IEAT utilising the best available data. 

Additionally, our findings could have been impacted by the COVID-19 pandemic, yet we did not have 

detailed data on COVID-19 infections. Despite the large sample size, caution should be exercised in 

interpreting subgroup analyses due to potential limitations in statistical power, particularly for 
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pathogen-specific data. Furthermore, associations between IEAT-ARB and health outcomes could be 

due to bacterial virulence or residual confounding associated with patient severity, which we could 

not further explore due to data constraints. Finally, variations in antibiotic prescribing practices and 

pathogen profiles across the three hospitals may affect the generalizability of our findings. We 

partially address this limitation by controlling for hospital-specific characteristics and hospitals from 

different regions in Chile. These factors may affect the interpretation and generalisability of our study 

findings.  

 

We emphasize the crucial role of prompt diagnosis and ensuring that patients receive the adequate 

treatment at the optimal time. Rigorous implementations of antimicrobial stewardship programs, 

coupled with improved surveillance incorporating molecular diagnostic testing, may significantly 

contribute to the accurate and timely dispensing of empirical antimicrobial agents. Identifying 

potential risk determinants for ARB could enhance appropriate empirical antibiotic therapy selection 

in patients likely to have ARB BSIs.45 The integration of these features can potentially improve BSI 

patient outcomes while concurrently reducing economic costs.  
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Figure Captions 

 

 

Figure 1. Crude in-hospital mortality and antibiotic consumption, by pathogen and empirical antibiotic 

therapy appropriateness (A) Crude in-hospital mortality by pathogen and antibiotic therapy appropriateness (B) 

Crude antibiotic consumption by antibiotic therapy appropriateness and pathogen. ATB= Antibiotic. DDD= 

Daily defined dose. CI= Confidence interval. Spp= species. BC= Blood culture. DDD= Daily defined doses. 

Antibiotic classified as “Others” included lincosamides, polymyxins, monobactams, antimycobacterial and other 

antibacterial. 

 

Figure 2. IPW-weighted cumulative incidence of hospital mortality using the competing-risks model 

controlling for time-unvarying and time-varying independent variables. (A) Cumulative incidence of hospital 

mortality by empirical antibiotic therapy appropriateness. (B) Cumulative incidence of hospital mortality by 

empirical antibiotic therapy appropriateness and antibiotic resistance. Notes: ARB, Antibiotic-resistant bacteria; 

ATB, Antimicrobial; BSI, Bloodstream infections. Estimates were IPW-weighted. IEAR= Inappropriate 

empirical antibiotic therapy. AEAT= Appropriate empirical antibiotic therapy. ASB= Antibiotic susceptible 

bacteria. Supplemental Table S21 shows the number of individuals at risk at 10, 20, 30, 40, 50 and 60 days. 


