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Abstract
Introduction: Carbapenem-resistant gram-negative bacilli (CRGNB) are one of the main causes of nosocomial infections, po-
sing a major public health challenge. Blood stream infections (BSI) require special attention because of the higher morbidity 
and mortality associated. 

Objective: To assess the impact of initial adequate or inadequate antibiotic treatment on the length of stay (LOS) and health-
care resource utilisation of patients with bloodstream infections (BSI) caused by a Carbapenem-resistant gram-negative bacilli 
(CRGNB) in the Spanish clinical practice. 

Methods: A descriptive, observational, retrospective chart review study of patients diagnosed with CRGNB bacteriemia in 6 
Spanish public hospitals.
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Resumen
Introducción: Los bacilos gramnegativos resistentes a carbapenémicos (BGNRC) son una de las principales causas de infecciones 
nosocomiales, lo que supone un importante reto para la salud pública. Las infecciones del torrente sanguíneo (BSI) requieren especial 
atención por la mayor morbimortalidad asociada. 

Objetivo: Evaluar el impacto del tratamiento antibiótico inicial adecuado o inadecuado sobre la duración de la estancia hospitalaria 
(LOS) y la utilización de recursos sanitarios de los pacientes con infecciones del torrente sanguíneo (BSI) causada por bacilos gram-
negativos resistentes a carbapenémicos (BGNRC) en la práctica clínica española.

Material y métodos: Estudio descriptivo, observacional, retrospectivo de revisión de historias clínicas de pacientes diagnosticados de 
BSI por BGNRC en 6 hospitales públicos españoles.

Resultados: La mediana global de la LOS de la población total (n=64) fue de 26,5 días (Q1: 16 días; Q3: 40 días). La mediana de LOS 
para el grupo tratado inicialmente de forma adecuada fue de 27 días (Q1: 17; Q3: 50), y de 24 días (Q1: 15; Q3: 38) para el grupo tratado 
inicialmente de forma inadecuada (t-test p= 0,5031). En el grupo de Planta (n=44), los pacientes tratados inicialmente de forma ade-
cuada pasaron hospitalizados una mediana de 6 días menos que los pacientes tratados inicialmente de forma inadecuada (18 días 
[Q1: 12; Q3: 27] frente a 24 días [Q1: 15; Q3: 38] respectivamente, p=0,0269). En el análisis de la población total, los pacientes tratados 
inicialmente de forma adecuada tuvieron un menor uso de recursos (20.895,02 € [Q1: 11.543,67 €; Q3: 61.773,17 €]) en comparación 
con los pacientes tratados inicialmente de forma inadecuada (24.444,02 € [Q1: 11.571,63 €; Q3: 40.790,64 €). 

Conclusiones: Los resultados sugieren que el tratamiento empírico inadecuado de las BSI causadas por CRGNB en la planta de hos-
pitalización podría estar asociado a un aumento de la estancia hospitalaria y de la utilización de recursos de estos pacientes. 

Palabras clave: Bacilos gramnegativos resistentes a carbapémicos. Infecciones del torrente sanguíneo. Duración de la estancia. 
Adecuación del tratamiento antibiótico. Utilización de recursos sanitarios.

Results: The overall median LOS of the total population (n=64) was 26.5 days (Q1: 16 days; Q3: 40 days). The median LOS for 
the initially adequately treated group was 27 days (Q1: 17; Q3: 50), and 24 days (Q1: 15; Q3: 38) for the initially inadequately 
treated (t-test p= 0.5031). In the Hospital Ward group (n=44), initially adequately treated patients spent hospitalised a median of 
6 days less than the initially inadequately treated patients (18 days [Q1: 12; Q3: 27] vs 24 days [Q1: 15; Q3: 38] respectively, 
p=0.0269). In the total population analysis, initially adequately treated patients had a lower use of resources (20,895.02 €  
[Q1: 11,543.67 €; Q3: 61,773.17 €]) compared to initially inadequately treated patients (24,444.02 € [Q1: 11,571.63 €; Q3: 
40,790.64 €). 

Conclusion: Results suggest that inadequate empirical treatment for BSI caused by CRGNB in the hospital ward could be as-
sociated with an increase in the LOS and resource utilization of these patients. 

Keywords: Carbapenem-resistant gram-negative bacilli. Blood stream infections. Length of stay. Antibiotic treatment adequacy. 
Healthcare resource utilization.

Introduction
Antibiotics changed the therapeutic paradigm with 
their discovery in the early 20th century. But with their 
widespread use, also came their misuse. Antibiotic 
resistance has been increasing in the last years and 
is currently considered one of the most important 
public health threats by international health organi-
zations and governments [1,2]. Resistance is caused 
by the development or acquisition of different mecha-
nisms, amongst which the production of inactivating 
enzymes is one of the most important.

Carbapenems are the most widely used antibiot-
ics to treat severe infections in the intensive care 
unit (ICU) [3], and their overuse has influenced the 
emergence of resistant bacteria [4]. Gram-negative 
bacilli develop carbapenem resistance by different 

mechanisms: enzymatic inactivation of the antibi-
otic (carbapenemases), impaired permeability, or 
enhanced efflux [5]. Carbapenem-resistant Gram-neg-
ative bacilli (CRGNB) have become a major challenge 
to public health because the high case-fatality rates 
in part due to the limited treatment options available 
[6]. 

Bloodstream infections (BSI) require special attention 
because of their high morbidity and mortality [6–8]. 
The choice of empirical antibiotic treatment in se-
vere cases can be a challenge for physicians, due to 
the lack of microbiological data when a clinical de-
cision is required. Adequate initial antibiotic therapy 
has been demonstrated as the key independent fac-
tor of patient outcomes in patients with sepsis and/
or BSI [9,10]. More specifically, adequate empirical 
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antimicrobial therapy is crucial in terms of survival in 
patients with BSI caused by CRGNB [11–13].

However, the impact of initial adequate treatment for 
CRGNB BSI on the use of healthcare resources by 
these patients has not been so extensively assessed. 
In this context, the aim of this study was to determine, 
based on real clinical practice data, the impact of 
the adequacy of the empirical therapy on the length 
of stay (LOS) and healthcare resource utilization in 
patients with CRGNB BSI hospitalised in Spanish 
Hospitals.

Methodology
Study design. A descriptive, observational, retrospec-
tive chart review study was performed, using existing 
medical records of patients diagnosed with CRGNB 
BSI in 6 Spanish hospitals. The population of study in-
cluded patients aged ≥18 years at the time of hospital 
admission, and who had been diagnosed of CRGNB 
BSI between the 1st of January 2019 and the 28th of 
February 2022.

Exclusion criteria were:

1)	� Patients under 18 years at time of hospital 
admission. 

2)	� Patients with incomplete medical records for the 
following core variables:

a.	� First prescribed antibiotic treatment regimen 
variables (type of antibiotic, posology, dura-
tion, route of administration) and antibiogram 
sensitivity.

b.	� LOS in hospital due to the bacteraemia: date of 
bacteraemia diagnosis and end of treatment. 

3)	� Bacteraemia caused by bacteria that are not  
carbapenem-resistant (CR), or concomitant with 
viral or fungal infections.

4)	� Documentation in the patient’s notes objecting to 
any inclusion in research projects.

5)	� Patients participating in randomised clinical trials 
during the period considered in this study.

6)	� Patients that received cefiderocol as part of the 
Early Access Program in Spain. 

7)	� Patients that have died during the period of 
bacteriemia. 

8)	� Patients with BSI with suspected origin of os-
teomyelitis or endocarditis. 

This study was designed, and conducted, according 
to the requirements of the European Network of 

Centers for Pharmacoepidemiology and Pharmaco-
vigilance (ENCePP) [14], the International Society for 
Pharmacoepidemiology (ISPE) guidance [15] and ICH 
GCP [16] as appropriate. 

Ethics. This study was reviewed and approved by the 
Ethics Committee of Hospital Universitario Marques 
de Valdecilla/CEIM de Cantabria, under approval 
number 2020-266-3. 

Participants. Investigators from 6 public hospitals from 
different Spanish regions participated in the study: 
Hospital Universitario Marqués de Valdecilla (Santan-
der, Cantabria), Complejo Hospitalario Universitario de 
La Coruña (La Coruña, Galicia), Hospital del Mar (Bar-
celona, Catalonia), Hospital Universitario y Politécnico 
La Fe (Valencia, Comunidad Valenciana), Hospital Uni-
versitario 12 de Octubre (Madrid) and Hospital Univer-
sitario Virgen de la Macarena (Sevilla, Andalucía). 

Data collection. Each centre collected data for pa-
tients with BSI due to CRGNB meeting the inclusion/
exclusion criteria. Data collected by the physicians 
included: 

•	 Demographic data and patient medical history.

•	 Baseline qSOFA [17]. 

•	 CRGNB identification and source of BSI.

•	 Antibiotic treatment regimen.

•	 Length of hospital stay, use of other resources 
and associated costs.

•	 Outcomes of CRGNB BSI.

Study objectives and definitions. The study objecti-
ve was to describe the length of stay (LOS) in hos-
pital for the BSI of patients with bacteraemia due to 
CRGNB, stratified by 1) initial adequate or inadequate 
antibiotic treatment and 2) hospital setting: hospital 
ward and ICU.

The secondary objective was to model the utilization 
of healthcare resources and their associated costs 
according to the initial treatment adequateness and 
to hospital setting. Study definitions are included in 
the panel below (Figure 1).

Use of resources and costs. For the use of resources 
and the corresponding cost analysis, the following 
cost inputs were considered:

•	 Hospital-setting costs: Including costs associa-
ted with hospitalization (ICU and hospital ward) 
for each patient during the study period.

•	 Treatment costs: Including the cost of the anti-
biotic treatment during the study period, adjusted 
according to the number of doses taken.
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•	 Test costs: Including costs of all the microbio-
logic and laboratory tests performed during the 
study period.

The costs sources included the national database of 
the General Council of Pharmacists (CGCOF) of Spain 
through the Botplus portal for pharmacological costs, 
costs of tests and hospitalisation were obtained 
through cost database eSalud. Costs were calculated 

for each patient included in the analysis (i.e., calcula-
ting the treatment cost adjusted per posology, anti-
biotic, and treatment duration instead of an average 
of treatment cost). A descriptive analysis of costs 
was performed according to patient stratification.

Data analysis. Data was analysed using descriptive 
statistics, including frequencies (n, %) for categorical 
variables and means (standard deviation) or medians 

 87 patients included in 
the study  

69 patients were selected 
according to eligible 

criteria  

64 patients were analysed  

18 patients excluded  

5 patients excluded  

Meeting exclusion criteria 3: 
bacteraemia caused by a non-CR 

bacterium, or concomitant with a viral 
or fungal infection  

3 data entry errors and 2 
outliers for LOS analysis 

21% 
excluded 

7% 
excluded 

Figure 2. Study population.

 1 

Adequate initial antibiotic therapy is defined as 1) at least one effective drug for which the 
isolate is found susceptible to the antibiotic treatment is included in the antibiotic treatment 
within the first 24 hours of bacteriemia, and 2) the dose and pattern of administration are in 
accordance with current standards for the treatment of bacteraemia following the Antimicrobial 
therapeutic Mensa Guide  [29]. 

Carbapenem-resistance: in vitro resistance of the isolate to all tested antibiotics from the 
category of carbapenems.  

Empirical prescription: antibiotic therapy prescribed before the availability of any culture data, 
guided by clinical symptoms.  

Length of stay (LOS): Days of hospital stay since CRGN bacteria BSI diagnosis (Blood culture 
extraction) until clinical cure determined by physician or antibiotic cessation. 

Clinical cure: complete resolution of presenting symptoms and signs by the end of treatment 
(fever, leucocytosis, hypotension, chills).  

 

Figure 1. Study definitions.
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(interquartile range) for continuous variables, whe-
ther the distribution was normal or not (Shapiro-Wilk 
test), respectively. For the statistical analysis, t-test or 
ANOVA were used. For not-normally distributed data, 
log-transformation was performed previous to the 
statistical analysis. Significance threshold was set  
at p < 0.05. Study definitions are included in Figure 1.

Results
A total of 87 patients were included in the study da-
tabase, the patient flow is shown in Figure 2. Of the  
included patients, 69 met all inclusion and no exclu-
sion criteria. The other 18 patients were excluded due 

to exclusion criterion 3 (Bacteraemia caused by a non-
CR bacterium, or concomitant with a viral or fungal 
infection). Out of the 69 patients that met the study 
criteria, 3 patients were excluded from the analysis 
due to data entry errors that prevented from calcula-
ting the initial adequateness of treatment and LOS. 
Additionally, 2 other patients were excluded from the 
analysis, as they were considered outliers from a sta-
tistical point of view for the LOS variable. Finally, 64 
patients were included in the study analysis; their de-
mographic characteristics are presented in Table 1.

Most of the population in the study were male (70%) 
and the median age was 60 years (Q1: 50; Q3: 72). 

Table 1. Study population characteristics.

Hospital ward ICU Hospital Ward plus ICU Total

Sex, n 44 16 4 64

 Male 31 (70%) 12 (75%) 2 (50%) 45 (70%)

Age, median [Q1; Q3] 64 [52; 76.3] 60.5 [46; 67] 52 [45.3;58.5] 60 [50;72]

Treatment adequateness, n (%) 44 16 4 64

 Adequate initial treatment 19 (43%) 9 (56%) 1 (25%) 29 (45%)

CRGN Pathogen, %

 Klebsiella pneumoniae 14 (32%) 8 (50%) 4 (100%) 26 (40%)

 Pseudomonas aeruginosa 16 (36%) 7 (44%) 0 (0%) 23 (36%)

 Stenotrophomonas maltophilia 4 (9%) 1 (6%) 0 (0%) 5 (7%)

 Escherichia coli 2 (5%) 0 (0%) 0 (0%) 2 (3%)

 Acinetobacter baumannii 1 (2%) 0 (0%) 0 (0%) 1 (2%)

 Other 7 (16%) 0 (0%) 0 (0%) 7 (10%)

qSOFA 

 qSOFA 0 20 (45%) 7 (44%) 0 (0%) 27 (42%)

 qSOFA 1 20 (45%) 5 (31%) 4 (100%) 29 (45%)

 qSOFA 2 4 (9%) 2 (12%) 0 (0%) 6 (9%)

 qSOFA 3 0 (0%) 2 (12%) 0 (0%) 2 (3%)

Suspected origin of the bacteriemia

 Catheter 11 (25%) 6 (37%) 1 (25%) 18 (28%)

 Pneumonia 3 (7%) 7 (44%) 3 (75%) 13 (20%)

 Urinary tract 13 (30%) 0 (0%) 0 (0%) 13 (20%)

 Biliar 8 (18%) 0 (0%) 0 (0%) 8 (13%)

 Skin or soft tissue 4 (9%) 0 (0%) 0 (0%) 4 (6%)

 Intraabdominal 2 (4%) 1 (6%) 0 (0%) 3 (5%)

 Other 3 (7%) 2 (13%) 0 (0%) 5 (8%)
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Table 3. LOS by initial treatment adequateness.

Initial adequate treatment Initial inadequate treatment

Hospital setting ICU Hospital 
ward

Hospital Ward 
plus ICU Total ICU Hospital 

ward
Hospital Ward 

plus ICU Total

Patients, n 9 19 1 29 7 25 3 35

LOS (median days)* 41 18 24 27 35 24 34 24

[IQR (Q1;Q3)] (38;50) (12;27) (N/A) (17;50) (23;50) (13;50) (20;60) (15;38)

Table 4. Use of resources by cost source for adequate and inadequate treatment.

 Initial adequate treatment Initial inadequate treatment
Cost 
source ICU Hospital 

ward Treatment Tests Total ICU Hospital 
ward Treatment Tests Total

Median,  
€ (%)

63,142.40 
(83%)

9,460.90 
(13%)

2,269.81 
(3%)

783.75 
(1%) 20,895.02 38,674.72 

(69%)
14,634.73 

(26%)
1,906.50 

(3%)
927.81 

(2%) 24,444.02

Q1 59,985.28 7,253.03 248.05 419.66 11,543.67 24,467.68 8,075.86 507.83 604.88 11,571.63

Q3 71,035.20 16,690.58 6,166.70 1,976.58 61,773.17 65,904.88 25,981.83 4,580.96 1,792.01 40,790.64

Table 5. Use of resources by treatment adequateness stratifying by hospital setting.

 Initial adequate treatment Initial inadequate treatment

Hospital 
setting ICU Hospital 

ward
Hospital Ward 

plus ICU Total ICU Hospital 
ward

Hospital Ward 
plus ICU Total

Patients, n 9 19 1 29 7 25 3 35

Median (€) 73,266.93 11,768.13 35,861.95 20,895.02 57,343.80 19,378.63 43,105.82 24,444.02

Q1 61,798.78 10,319.77 35,861.95 N/A 45,435.55 10,919.53 33,380.41 N/A

Q3 82,416.32 20,548.04 35,861.95 N/A 79,661.47 26,777.33 33,380.41 N/A

The majority of the population was hospitalised in 
Hospital Ward (69%); followed by ICU (25%), and fina-
lly both Hospital Ward plus ICU (6%). Regarding initial 
treatment adequateness, 45% of patients were ade-
quately treated, while 55% of patients were classified 
as inadequately treated as per protocol. The main pa-
thogens causing the CRGN bacteriemia were Klebsie-
lla pneumoniae (40%) and Pseudomonas aeruginosa 
(36%). Most patients presented a low qSOFA score, 
of 0 or 1 at start of BSI, respectively 40% and 45% 
of study population. Main suspected origins of the 
bacteriemia were catheter (28%), pneumonia (20%) 
and urinary tract (20%). ICU Patient characteristics 
are described in (Supplementary Table 1). The clini-
cal characteristics of patients with inadequate em-
pirical antimicrobial therapy and those who received 
adequate empirical antimicrobial therapy is shown in 
Table 2. 

Length of stay (LOS). The overall median LOS of the 
total population was 26.5 days (Q1: 16 days; Q3: 40 
days). The minimum LOS observed was of 3 days and 
the maximum of 97 days (Table 3). When stratifying 

patients by initial adequate or inadequate antibiotic 
treatment, the median LOS for the initially adequa-
tely treated group was 27 days (Q1: 17; Q3: 50), and 
24 days (Q1: 15; Q3: 38) for the initially inadequate-
ly treated. The difference observed was statistically 
non-significant (t-test p= 0.5031). 

A subanalysis was performed to assess the differen-
ces observed by hospitalisation site (Table 2).

In the Hospital Ward group (n=44), initially adequate-
ly treated patients spent hospitalised a median of 6 
days less than initially inadequately treated patients 
(18 days [Q1: 12; Q3: 27] vs 24 days [Q1: 15; Q3: 38] 
respectively, p=0.0269). In the ICU population, initially 
adequately treated patients (n=9) had a longer LOS 
(41 days [Q1: 38; Q3: 50]) than initially inadequate-
ly treated patients (n=7) (35 days [Q1: 23; Q3: 50], 
p=0.2683) although this difference was not statistica-
lly significant. As for the group of Hospital Ward plus 
ICU, initially adequately treated patients (n=1) had a 
shorter LOS (24 days [IQR: N/A]) than initially inade-
quately treated patients (n=3) (34 days [Q1: 20; Q3: 
60], p= N/A).
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Use of resources. The analysis of the use of resour-
ces and associated costs for the objective 1: “use of 
resources by cost source for initial adequate and ina-
dequate treatment”, is shown in Table 4. In the total po-
pulation analysis, initially adequately treated patients 
have a lower cost associated with the use of resources 
(20,895.02 € [Q1: 11,543.67 €; Q3: 61,773.17 €]) than 
initially inadequately treated patients (24,444.02 €  
[Q1: 11,571.63 €; Q3: 40,790.64 €]). The analysis 
of the source of these costs shows that ICU costs  
represent the main driver of resource utilisation, both  
in the initially adequate and the initially inadequate 
treatment groups. For adequate treatment, ICU costs 
represented 83% of total expense (63,142.40 € [Q1: 
59,985.28 €; Q3: 71,035.20 €]), while for initial inade-
quate treatment they represented 69% (38,674.72 €  
[Q1: 24,467.68 €; Q3: 65,904.88 €]). Hospital ward 
costs represented 13% (9,460.90 € [Q1: 7,253.03 €; Q3: 
16,690.58 €]) and 26% (14,634.73 € [Q1: 8,075.86 €;  
Q3: 25,981.83 €]) of total costs for initial adequate 
and inadequate treatment, respectively. Treatment 
costs represented 3% (2,269.81 € [Q1: 248.05 €; 
Q3: 6,166.70 €]) of total costs for initial adequate  
treatment and 3% (1,906.50 € [Q1: 507.83 €; Q3: 
4,580.96 €]) for initial inadequate treatment. Finally, 
tests represented 1% (783.75 € [Q1: 419.66 €; Q3: 
1,976.58 €]) and 2% (927.81 € [Q1: 604.88 €; Q3: 
1,792.01 €]) of total costs, for the initial adequate 
and inadequate groups respectively.

When looking at the cost associated to the use of 
resources by hospital setting subgroups (Table 5), 
for the ICU group, initially adequately treated pa-
tients showed higher costs than initially inadequa-
tely treated patients (73,266.93 € [Q1: 61,798.78 €; 
Q3: 82,416.32 €]). For the Hospital Ward subgroup, 
initial adequately treated patients have lower costs 
(11,768.13 € [Q1: 10,319.77 €; Q3: 20,548.04 €]) than 
initial inadequately treated patients (19,378.63 € 
[Q1: 10,919.53 €; Q3: 26,777.33 €]). In the Hospital 
Ward and ICU subgroup, initially adequately treated 
patients showed lower cost associated with the use 
of resources (35,861.95 € [IQR: N/A]) than initially ina-
dequately treated patients (43,105.82 € [IQR: N/A]).

Analysing the source of the costs of the Hospital 
Ward group, hospitalisation represents the 83% of 
costs in initial adequate treated patients (9,716.60 € 
median [Q1: 7,454.64 €; Q3: 16,718.03 €]), followed by 
cost of treatment representing the 7% (792.77 € [Q1: 
194.52 €; Q3: 3,945.36 €]) and cost of tests represen-
ting the 4% (507.76 € [Q1: 383.14 €; Q3: 963.75 €]).  
In the initially inadequately treated patients, hospitali-
sation represents the 76% of costs (14,689.64 € [Q1: 
8,075.86 €; Q3: 25,570.00€]), followed by cost of treat-
ment representing the 10% (1,848.06 € [Q1: 673.09 €; 

Q3: 4,004.94 €]) and cost of tests representing the 4% 
(799.96 € [Q1: 498.34 €; Q3: 1,114.06 €]).

Discussion
Our study suggests that in patients hospitalised in 
the general ward with CRGNB BSI, the administra-
tion of inadequate empirical antimicrobial therapy 
increases the length of hospitalization, with the sub-
sequent increment of costs. This association has 
not been observed in the critically ill (ICU population)  
population. 

Numerous studies have demonstrated that inadequa-
te empirical therapy in patients with severe infections, 
sepsis and septic shock is an independent predictor 
of mortality [17–20]. In addition, in septic patients, 
inadequate antimicrobial therapy increases the LOS 
with the associated increment of total costs [21]. 
More specifically, inadequate empirical antimicrobial 
therapy is also an independent predictor of mortality 
in patients with BSI caused by CRGNB [12,13].

Several well-designed studies have also demons-
trated that CRGNB BSI are associated with high 
mortality rates especially when critically ill patients 
are affected. Thus, a meta-analysis that included 
17 studies found that the risk of in-hospital death 
due to carbapenemase-producing Enterobacterales 
(CPE) BSI was considerably greater than in case of a  
carbapenem-susceptible BSI [22].

The clinical and economic burden imposed by CRGNB 
BSI is particularly high. The mortality rate of BSI due to 
CRGN bacteria in a cohort of critically ill patients dou-
bled that of the control group that was bacteraemia- 
free (49.3% vs 25.6%), being an independent risk  
factor for mortality after adjusting for several confoun-
ding variables. Moreover, CRGNB BSI was associated 
with an extended length of stay (median of 30 days 
vs 12 days) with the corresponding associated higher 
hospital costs [23]. In a case-control study, the mean 
total length of stay for cases (patients carbapenem- 
resistant Enterobacterales BSI) was 1.90 times that 
of patients with antibiotic-susceptible bacteraemia. 
The economic burden caused by CRE bacteraemia 
was approximately five times higher than that of con-
trols without infection [24].

Nevertheless, information about the impact of inade-
quate empirical treatment of these BSIs on the LOS 
and associated costs is sparse. Reckoning the socio- 
economic burdens of this infection is essential to 
provide a relevant rationale for decisions regarding 
infection treatment. In a retrospective, multicentre 
study that included 29,570 BSI, the adjusted analy-
sis using multivariable regression modelling, the 
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post-BSI LOS for the group treated inadequately was  
significantly longer than the LOS in the cohort that re-
ceived adequate empirical therapy [14.6 days (95% CI, 
13.9, 15.2) vs 13.9 days (95% CI, 13.4, 14.6), respec-
tively, P < 0.0001] [25]. In patients hospitalised with 
infections caused by Enterobacterales or P. aerugino-
sa, delayed start to newer active antibacterial thera-
py (ceftazidime-avibactam, ceftolozane-tazobactam, 
cefiderocol, meropenem-vaborbactam, eravacycline, 
or imipenem-cilcastatin-relebactam) that were active 
against the isolated pathogen was associated with 
significantly greater hospital mortality and signifi-
cantly longer post-culture LOS [26].

In our series, in patients hospitalised in the general 
ward, those who received adequate empirical thera-
py spent hospitalised a median of 6 days less than 
those patients initially treated inadequately. In conse-
quence, the total cost of hospitalization was lower in 
those treated adequately since the bacteraemia on-
set, as the main driver of the total costs is the length 
of stay either in hospital wards or ICU [27]. Moreover, 
in the total population analysis, the use of economic 
resources was lower in the group that received ade-
quate empirical therapy (20,895.02 € [Q1: 11,543.67 
€; Q3: 61,773.17 €]) than in patients with inadequate 
empirical therapy (24,444.02 € [Q1: 11,571.63 €; Q3: 
40,790.64 €). 

Conclusions cannot be drawn for ICU and Hospital 
Ward plus ICU as the number of patients included in 
these groups were very small (n= 16 and 4 respecti-
vely), reflecting probably only interindividual variabili-
ty. Additionally, the ICU population, as consequence 
of the exclusion criteria (death during the period of 
BSI) does not adequately represent a typical ICU po-
pulation, comprising instead less severe cases with 
low mortality risk; 75 % of the ICU patients had a qSO-
FA score 0 or 1. Also, the patients in the ICU with ini-
tial adequate treatment showed a more severe profile 
than ICU initial inadequately treated patients, with a 
higher number of patients presenting shock (88% 7/8 
vs 57% 4/7), mechanical ventilation (100% 8/8 vs 86% 
6/7) and renal replacement therapy due to acute renal 
failure (38% 3/8 vs 29% 2/7).

An observational study conducted in three Spanish 
ICU revealed that the mean total cost of patients with 
CRGNB infections hospitalised in ICU was 96,878€ 
per patient, being the length of stay either in hospital 
wards or ICU the main driver of the total costs. The 
lowest part of the resource consumption (13%) was 
represented by diagnostic tests and treatments, in-
cluding the costs of the prescribed antibiotics [28]. 
The differences between these figures and the expen-
ses found in this study can be explained by the fact 
that in the present study the majority of the patients 

were hospitalised in the general ward and only 25 % 
in the ICU, whereas in the study by Ferrer et al [28] all 
the patients were hospitalised in the ICU. 

There are some limitations to this study that need to 
be discussed. First, the number of patients included in 
the study is low, limiting the subgroup analysis. Thus, 
only 16 and 4 patients were in the ICU and ICU plus 
Hospital ward groups with not a typical representati-
ve ICU population, what precludes to draw definitive 
conclusions about the impact on costs of inadequa-
te empirical in the critically ill patient. As mentioned 
above, one of the reasons behind the few patients 
in the ICU setting is that per study protocol, patients 
that died during the period of bacteriemia could not 
be included in the study therefore impacting in more 
critically ill population. Second, the time elapsed since 
blood culture collection and initiation of adequate tar-
get therapy in patients treated inadequately in the em-
pirical regimen was not available for the analysis, as 
initially inadequately treated patients could potentially  
receive an adequate therapy after the first 24h of the 
bacteriemia. We could speculate that the shorter this 
interval is the lower is the impact of inadequate the-
rapy on mortality and LOS. Third, the infection focus 
control was not included in the database. Fourth, the 
small sample size impeded us to perform a matched 
case control study what may have generated more 
precise information. 

In summary, CRGNB BSI has emerged as a serious 
global health concern not only for their high mortality 
rates but also for the substantial associated costs. 
This economic burden is increased with the admi-
nistration of inadequate therapy in the empiric anti-
microbial regimen as shown in this study in hospital 
ward patients. Therefore, renewed efforts should be 
implemented to minimize the prescription of inco-
rrect antimicrobials in patients with CRGNB BSI. This 
may be considered not only as a lifesaving but also as 
a cost-effective strategy. A rapid diagnostic test that 
may allow the identification of these cases in the first 
hours is clearly needed. Additional studies including 
a larger population with a representative ICU popula-
tion are necessary to confirm the outcomes observed 
in this study.
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