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Abstract

Background Infections caused by multi-drug resistant Gram-negative pathogens are associated with worse clinical
outcomes in critically ill patients. We evaluated hospital outcomes based on adequacy of overall and newer antibacte-
rial therapy for Enterobacterales (ENT) and Pseudomonas aeruginosa (PsA) in US patients.

Methods Hospitalized adults > 18 years old with facility-reported antibiotic susceptibility from 2018-2022 across 161
facilities in the BD Insights Research Database were identified as ENT- or PsA-positive. Generalized linear mixed mod-
els were used to evaluate the impact of inadequate empiric therapy (IET) and time to initiate newer antibacterials
(ceftazidime-avibactam; ceftolozane-tazobactam; cefiderocol; meropenem-vaborbactam; eravacycline; and imipe-
nem-cilcastatin-relebactam) on hospital mortality and post-culture length of stay (LOS).

Results Among 229,320 ENT and 36,027 PsA susceptibility results, 1.7% and 16.8% were carbapenem non-suscep-
tible (carb-NS), respectively. Median time to first susceptibility result was longer for carb-NS vs. carb susceptible

in ENT (64 h vs. 48 h) and PsA (67 h vs. 60 h). For ENT, IET was associated with significantly higher mortality (odds ratio
[OR],1.29 [95% Cl, 1.16-1.43, P<0.0001]) and longer hospital LOS (14.8 vs. 13.3, P<0.0001). Delayed start to newer anti-
bacterial therapy was associated with significantly greater hospital mortality for ENT (P=0.0182) and PsA (P=0.0249)
and significantly longer post-culture LOS for ENT (P<0.0001) and PsA (P<0.0001).

Conclusions Overall, [ET and delayed use of newer antibacterials are associated with significantly worse hospital
outcomes. More rapid identification of high-risk patients can facilitate adequate therapy and timely use of newer
antibacterials developed for resistant Gram-negative pathogens.
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settings and are associated with worse clinical out-
comes in critically ill patients [2, 3].

Among these pathogens, carbapenem-resistant
Enterobacterales (CRE) is classified as an “urgent
threat” by the US Centers for Disease Control and Pre-
vention (CDC) and was responsible for an estimated
1100 deaths among more than 13,000 cases in 2017 [4].
Importantly, the World Health Organization (WHO)
has designated several carbapenem-resistant Gram-
negative pathogens as highest priorities for develop-
ment of new antibacterials, including Enterobacterales
and Pseudomonas aeruginosa [5].

Rates of inadequate empiric therapy (IET), defined
as antibacterial therapy not active against the identified
bacterial pathogen, are high in patients infected with
antibacterial resistant (ABR) or multi-drug resistance
(MDR) pathogens. IET could also occur more often or
for longer periods of time in MDR, since newer treatment
options for resistant pathogens are often started only
when diagnostic results are available or when patients do
not respond to other therapies [6—8]. For example, in a
recent analysis from July 2019 through October 2021 of
nearly 300,000 US hospital admissions with positive bac-
teria cultures, higher IET rates were found in subgroups
of patients with ABR or MDR infections compared with
the overall cohort [6]. While IET occurred at higher rates
in ABR and MDR subgroups for all pathogens, rates for
Enterobacterales and P. aeruginosa were markedly higher
versus the overall population. For Enterobacterales, IET
rates were 14.1% for the overall cohort, 27.8% for the
ABR-positive group, and 40% for the MDR-positive
group while IET rates for P. aeruginosa were 36.8% for the
overall cohort, 46.6% for ABR, and 57.1% for MDR [6].

IET is associated with increased mortality, hospitaliza-
tion, and hospital readmission rates, as well as longer length
of stay (LOS), greater incidence of treatment failure, addi-
tional antibiotic prescriptions, and higher costs [9-14].
Moreover, delays in appropriate antibacterial therapy have
also been associated with poor outcomes [15-17].

Although several newer antibacterials known to be effec-
tive against CRE and carbapenem-resistant P. aeruginosa
are available, clinical trial data for these agents are derived
from non-inferiority trials [18]. Further, real-world evi-
dence to demonstrate how to best utilize most of these
therapies are lacking. Therefore, in this study, we sought to
evaluate hospital outcomes based on the adequacy of over-
all and newer antibacterial therapy for Enterobacterales
(ENT) and P, aeruginosa (PsA) in adult patients.

Methods

Design and patients

This study was a multicenter, retrospective cohort anal-
ysis of data from 161 US medical facilities in the BD
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Insights Research Database (Becton, Dickinson & Com-
pany, Franklin Lakes, NJ), which includes medical care
facilities throughout the US [19]. The retrospective, de-
identified data set was approved and informed consent
requirements were waived by the New England Insti-
tutional Review Board (Wellesley, MA, USA; IRB No.
120180023).

Eligible patients included hospitalized adults (>18
years old) with 1 to 365 days inpatient stay,>24 h of
antibacterial therapy, and a record of discharge or death
between March 1, 2018, and December 31, 2022. Bacte-
rial culture sites included respiratory, blood, urine, intra-
abdominal, and other specimens. Microbiology results
likely associated with surveillance cultures (eg, nasal or
rectal swabs) and environmental cultures were excluded
by previously described methodology that uses source,
time of collection, microorganism type, and number of
microorganisms in a culture to flag likely contaminated
samples [20].

Study outcomes

The major outcomes of interest were impact of IET, turna-
round time (TAT) for first culture susceptibility result, and
time to start of newer antibacterials on hospital outcomes
(mortality and post-culture length of stay [LOS]) in hospital-
ized adult patients with a non-contaminant positive culture
for ENT (Escherichia coli, Klebsiella pneumoniae, Klebsiella
oxytoca, Enterobacter aerogenes, Enterobacter cloacae, Ser-
ratia marcescens, Citrobacter freundii, Proteus mirabilis,
Providencia stuartii and Morganella morganii) or PsA.

IET was defined as antibacterial therapy prescribed
within 48 h prior to culture collection until first suscep-
tibility results that did not cover the pathogen bacteria
or to which the pathogen bacteria were subsequently
reported as non-susceptible (NS; laboratory result of
intermediate resistance or resistant). Patients who were
not prescribed empiric therapy but were prescribed
definitive therapy within 48 h of receiving pathogen sus-
ceptibility results were included in the IET group. The
designation of IET was restricted to patients with no
adequate antibacterial agent prescribed from 48 h prior
to culture collection to the first susceptibility result of a
positive culture. A patient who received multiple anti-
bacterials with at least one active therapy was not catego-
rized as IET. Culture TAT was defined as the date/time
of first susceptibility results minus the date/time of cul-
ture collection. Time to newer antibacterial therapy was
defined as time from index culture collection to start of
the first newer antibacterial therapy, which included cef-
tazidime-avibactam; ceftolozane-tazobactam; cefidero-
col; meropenem-vaborbactam (ENT only); eravacycline
(ENT only); imipenem-cilcastatin-relebactam.
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Statistical analyses

Statistical analyses were conducted separately for ENT
and PsA study cohorts. For each analysis, the analytical
objectives were to evaluate the impact of IET on hospital
mortality and post-culture LOS and to evaluate the effect
of time to newer antibacterial therapy.

Covariates considered included patient demograph-
ics, COVID-19 testing status, and multiple clinical
factors, including culture sources; carbapenem suscep-
tibility status; turnaround time from culture collection
to first susceptibility result; intensive care unit admis-
sion status; onset period (admission, hospital), poly-
pathogen status (ENT, PsA, Acinetobacter baumannii);
prior 90-day hospitalization, and comorbidities at index
culture collection (renal insufficiency, liver dysfunction,
heart failure, immunocompromised, cytokine storm,
and lactic acid) [10].

Descriptive tables of study outcomes by IET status
and time to newer antibacterial therapy explored the
relationship of each outcome with IET and time to
newer antibacterial therapy. The generalized estimating
equation method was used to model hospital mortal-
ity and assess IET impact. Odds ratios of IET versus
appropriate empiric therapy (AET) are reported with
adjustment for covariates. To assess the effect of IET
on post-culture LOS, we used the generalized linear
mixed models method with gamma distribution and
the logarithm link function for handling right-skewed
LOS data. Model-estimated hospital LOS by IET status
was reported with statistical comparisons. All analyses
were conducted using SAS version 9.4 (SAS Institute,
Cary, NC, USA).

Results

The majority (83.2%) of the 161 hospitals evaluated
were in urban locations and 62.7% were non-teaching
hospitals (Supplementary Table 1). Of 229,320 ENT
culture-positive susceptibility results, 1.7% (3956) were
carbapenem-NS (carb-NS) and among 36,027 PsA cul-
ture-positive susceptibility results, 16.8% (6057) were
carb-NS (Table 1). The median TAT was 48 h for ENT,
64 h for carb-NS, and 48 h for carb-S. The median TAT
for PsA was 61 h, 67 h for carb-NS§, and 60 h for carb-S.
Nearly twice the number of cultures were collected in the
hospital-onset setting (36%) for the PsA cohort versus the
ENT cohort (17%).

Urine was the most common culture source for both
ENT (73.6%) and PsA (47.0%) (Table 1). More cultures
in the PsA cohort were respiratory compared to the ENT
cohort (38% vs 8%). A higher percentage of cultures were
sourced from patients with prior 90-day hospital admis-
sion in the PsA cohort (32.7%) versus the ENT cohort
(22.5%).
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ENT outcomes

In the ENT cohort, IET was prescribed in 24% of hospi-
tal admissions. Hospital mortality was 5.1% overall, 6.4%
with IET, and 4.7% with AET (Table 1). Hospital mortal-
ity was also higher for carb-NS versus carb-S (13.2% vs.
4.9%). Similarly, median post-culture hospital LOS was
longer with IET versus AET (7 days vs. 6 days) and carb-
NS versus carb-S (9 days versus 6 days).

In the multivariate analysis, hospital mortality was sig-
nificantly higher with IET versus AET overall (OR, 1.29
[95% CI 1.16-1.43, P<0.0001), (Fig. 1) and with carb-N$S
versus carb-S (OR, 1.35 [1.13-1.60], P<0.0001) (Table 2).
Mortality rate also increased with longer TAT. Com-
pared to TAT in the 1st quartile (i.e., the shortest dura-
tion), mortality was significantly higher in both the 3rd
(OR, 1.13 [95% CI 1.02-1.25], P=0.0226) and 4th quar-
tiles (OR, 1.17 [95% CI [1.06-1.29] P=0.0016]), which
represent the longest durations (Table 2). The correlation
between increased mortality and longer TAT is also evi-
dent from the finding that mortality was higher for any
TAT that exceeded the median of 48 h. With respect to
culture source, hospital mortality was significantly higher
for blood (OR, 1.38 (95% CI, 1.23-1.54], P<0.0001)
and respiratory source (OR, 2.12 [95% CI 1.93-2.32],
P<0.0001) compared to urine (Table 2).

IET and TAT also had similar impacts on hospital
LOS. In the multivariate models, post-culture hospital
LOS was significantly longer with IET vs. AET (14.8 days
vs. 13.3 days, P<0.0001) (Fig. 2) and for carb-NS ver-
sus carb-S (15.8 days vs. 12.4 days, P<0.0001) (Table 3).
Compared to TAT in the 1st quartile, post-culture LOS
was significantly shorter for the 2nd quartile (13.7 days
vs. 14.0 days, P<0.001) but significantly longer for the
4th quartile (14.4. days vs. 14.0 days, P<0.001) (Table 3).

PsA outcomes

In the PsA cohort, IET was prescribed in 46.1% of admis-
sions. Hospital mortality was 10.5% overall, 10.2% with
IET and 10.8% with AET (Table 1). In addition, hospital
mortality was higher with carb-NS compared to carb-S
(14.2% vs. 9.9%).

Similar to the ENT cohort, the multivariate analy-
sis showed that hospital mortality was significantly
higher with carb-NS vs. carb-S (OR, 1.26 [1.08-1.47],
P=0.0038), and compared to urine, hospital mortal-
ity was significantly higher for blood (OR, 2.25 (95% CI,
1.79-2.84], P<0.0001) and respiratory source (OR, 1.82
[95% CI 1.57-2.12], P<0.0001) (Table 2). Although mor-
tality was numerically higher with IET versus AET, this
difference was not statistically significant (OR, 1.17 [95%
CI0.97-1.41, P=0.0961) (Fig. 1).

Median post-culture hospital LOS was longer with
AET versus IET (8 days vs. 7 days) and carb-NS versus
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Fig. 1 Multivariate association between IET and post-culture mortality in culture-positive ENT (N=97,928) and PsA (N=14,624). AET, adequate
empiric therapy; Cl, confidence interval; ENT, Enterobacterales; IET, inadequate empiric therapy; PsA; Pseudomonas aeruginosa

Table 2 Multivariate model for hospital mortality

ENT Cohort (N=97,941)

PsA Cohort (N=14,625)

Variable Effect to Assess (Reference Estimated OR P Value Estimated OR PValue
Category) (95% ClI) (95% CI)
Source Blood (urine) 1.38(1.16-1.43) <0.0001 2.25(1.79-2.84) <0.0001
Respiratory (urine) 2.12(1.93-2.32) <0.0001 1.82(1.57-2.12) <0.0001
Other (urine) 0.94 (0.79-1.13) 0.6521 1.04 (0.78-1.40) 05212
Carbapenem NS (S) 1.35(1.13-1.60) 0.0009 1.26 (1.08-147) 0.0038
Onset Hospital (Admission) 1.67 (1.55-1.81) <0.0001 1.91(1.67-2.19) <0.0001
Turnaround time (hrs) 2nd quartile: 40-48 (< 40°) 0.93 (0.84-1.03) 0.1592 -b -b
3rd quartile: 49-63 (< 40%) 1.13(1.02-1.25) 0.0226 -b b
4th quartile: > 63 (< 40%) 1.17 (1.06-1.29) 00016 b b

Other significant factors predicting mortality in the ENT cohort not shown in the table include IET status, ICU admission, COVID-19 positivity, older age, the presence
of multiple pathogens, and comorbidities (Supplementary Table 2)

Abbreviations: ENT Enterobacterales, NS Non-susceptible, OR Odds ratio, PsA Pseudomonas aeruginosa, S Susceptible

@ 1st quartile

5The factor was not included in the final model for this study population due to statistical insignificance
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Fig. 2 Multivariate association between IET and post-culture LOS in culture-positive ENT (N=229,320) and PsA (N=36,027). Cl, confidence interval;

ENT, Enterobacterales; IET, inadequate empiric therapy; LOS, length of stay; PsA, Pseudomonas aeruginosa
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Table 3 Multivariate association of post-culture LOS and IET
ENT Cohort (N=229,320) PsA Cohort N=36,027)
Variable Category of Variable Estimated LOS, days PValue Estimated LOS, days PValue
(95% CI) (95% ClI)
Source Blood 145 (14.2-14.7) <0.0001 12.8(12.3-13.3) <0.0076
Respiratory 14.6 (14.4-14.9) <0.0001 14.2 (13.7-14.6) <0.0001
Other 1(12.9-13.3) <0.0001 116(11.2-12.1) 0.0005
Urine 14.0 (1 3.8-14.2) Reference 123(11.9-12.7) Reference
Carbapenem NS 15.8 (15.5-16.2) <0.0001 15.2 (14.7-15.7) <0.0001
S 124 (12.3-12.6) Reference  10.6(10.3-10.9) Reference
IET effect with Carb-NS IET -8 - 15.6 (15.0-16.2) 0.0098
AET -2 -2 148 (14.2-15.5) ref
IET effect with Carb-S IET - - 10.3 (10.0-10.6) <.0001
AET -2 -2 0(10.6-11.3) ref
Setting (onset time) Hospital-onset (> 3 days from admission) 163 (16.0-16.5) <0.0001 - 2
Admission-onset (< 3 days from admission) 1(11.9-12.3) Reference -2 -
Turnaround time (hrs) 2nd quartile: 40-48 13.7 (13.5-13.9) <0.0001 -2 -2
3rd quartile: 49-63 1(13.9-143) 0.0861 -2 -2
4th quartile: > 63 14.4 (14.2-14.6) <0.0001 -8 -2
Tst quartile: <40 14.0 (13.8-14.2) Reference -2 -2

Other significant factors predicting post-culture LOS in the ENT cohort not shown in the table include IET status, ICU admission, COVID-19 positivity, older age, male
gender, the presence of multiple pathogens,, prior 90-day hospitalization, and comorbidities (Supplementary Tables 3 and 4)

Abbreviations: AET Adequate empiric therapy, ENT Enterobacterales, IET Inadequate empiric therapy, NA Not applicable, NS Non-susceptible, PsA Pseudomonas

aeruginosa, S Susceptible

2The factor was not included in the final model for this study population due to statistical insignificance and/or because it did not improve model fit

carb-S (10 days vs. 7 days). In the multivariate analysis,
there was no difference in post-culture LOS with IET ver-
sus AET (12.7 days vs. 12.7 days, P=0.5466) (Fig. 2), but
carb-NS was associated with a significantly higher post-
culture LOS compared to carb-S (15.2 days vs. 10.6 days,
P<0.0001) (Table 3). Interestingly, post-culture LOS was
significantly longer with IET vs. AET (15.6 days vs. 14.8
days, P=0.0098) within the carb-NS group and signifi-
cantly longer with AET vs. IET within the carb-S group
(11.0 days vs. 10.3 days, P<0.0001).

Newer antibacterial therapy outcomes
Newer antibacterial therapy was prescribed for 703 ENT
admissions and 603 PsA admissions, and among these,
ceftazidime-avibactam was the most commonly pre-
scribed agent (ENT: n=404; PsA: n=350). Median time
to start newer antibacterials was 87 h for ENT and 84
h for PsA. Compared with overall admissions, hospital
mortality was higher in those prescribed newer antibac-
terials for both ENT (19.2% vs. 5.0%) and PsA (19.4% vs.
10.2%) (Table 1).

In patients who received newer antibacterials in either
cohort, hospital mortality was greater in patients who
were prescribed therapy later. In the ENT cohort, hospital

mortality was 26.0% among patients who started therapy
after 210 h (> 8 days; 4th quartile) and 14.5% among those
who started therapy within 26 h (1st quartile). In the PsA
cohort, hospital mortality was 24.7% among those start-
ing therapy after 158 h (> 6.5 days; 4th quartile) and 15.1%
among those starting therapy within 22 h (Ist quartile)
(Table 1). The multivariate analysis confirmed that a
delayed start of newer antibacterial therapy was associ-
ated with significantly greater hospital mortality. Hospital
mortality was significantly higher when newer antibacte-
rials were prescribed for ENT in the 4th quartile vs. 1st
quartile of time to prescription (OR, 1.96 [95% CI, 1.12—
3.42], P=0.0182) and when prescribed for PsA in the 4th
quartile vs. 1st quartile of time to prescription (OR, 1.84
[95% CI 1.02-3.32], P=0.0423) (Fig. 3A and B).

Compared to the 1st quartile of time to the start of
newer antibacterials, median post-culture hospital LOS
was higher for the 4th quartile in both the ENT (41 days
vs. 10 days) and PsA (36 days vs. 10 days) cohorts in the
univariate analysis (Table 1). In addition, starting newer
antibacterials in the 4th quartile was associated with sig-
nificantly longer post-culture LOS than the 1st quartile
in ENT (35.4 vs. 11.1 days, P<0.0001) and PsA (30.9 vs.
12.5 days, P<0.0001) in multivariate analyses, as shown
in Fig. 4A and B.
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Fig. 3 Multivariate association between hospital mortality and time to newer antibacterial therapy in culture-positive ENT (A) and PsA (B). A ENT

(N=703). B PsA (N =603)

A subset analysis of ceftazidime-avibactam (one of
the newer antibacterials) in ENT and PsA admissions
showed similar results. For time to starting ceftazi-
dime-avibactam, there was a significantly higher mor-
tality for ENT in the 4th quartile compared to the 1st
quartile (OR, 2.18 [95% CI, 1.10-4.32], P=0.0249) and
a non-significant higher mortality for PsA in the 4th
quartile vs. 1st quartile (OR, 1.81 [95% CI 0.85-3.88],
P=0.1240) (Supplemental Figs. 1A and 1B). The subset
analysis also showed that a significantly longer post-
culture LOS was associated with the 2nd, 3rd, and 4th

quartiles in both ENT and PsA. For ENT admissions,
compared to the 1st quartile (10.9 days) of starting
ceftazidime-avibactam from culture collection, the
2nd (12.9 days, P=0.0022), 3rd (16.2 days, P<0.0001),
and 4th quartile (35.1 days, P<0.001) were associated
with significantly longer post-culture LOS (Supplemen-
tal Fig. 2A). Similarly, for PsA admissions, compared
to the 1st quartile (11.2 days) of starting ceftazidime-
avibactam from culture collection, the 2nd (13.9
days, P=0.0104), 3rd (17.7 days, P<0.0001), and 4th
quartiles (36.7 days, P<0.0001) were associated with
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Fig. 4 Multivariate association between hospital LOS and time to newer antibacterial therapy in culture-positive ENT (A) and PsA (B). A ENT

(N=1602). B PsA (N = 1473)

significantly longer post-culture LOS (Supplemental
Fig. 2B).

Discussion

Initiation of timely appropriate antibacterial therapy
and time to culture result are important determinants
of outcomes in patients with serious bacterial infections,
including those attributed to ENT and PsA. A unique
characteristic of our study is that IET was measured as
antibacterial therapy prescribed from within 48 h prior
to culture collection until the first susceptibility result,

enabling us to look at the impact of TAT on patient out-
comes. Our results confirm those of previous studies
showing that IET and carbapenem resistance are major
contributing factors to poor outcomes for patients with
serious infections [10-12, 17, 21-25]. We observed
that high rates of IET for both ENT (24%) and PsA (46%)
infections in hospitalized adults and IET were associated
with significantly higher mortality and longer hospital
LOS for ENT-positive cultures and a higher, non-signifi-
cant mortality for PsA-positive cultures. Further, carbap-
enem resistance was associated with significantly greater
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mortality in both cohorts. For ENT infections in particu-
lar, delayed appropriate antibacterial therapy has been
shown to have a greater deleterious impact on outcomes
than carbapenem resistance; however, these two factors
may be synergistic [17], as use of IET is generally higher
in ABR infections [6]. Even after adjusting for IET, car-
bapenem resistance was independently associated with
greater mortality in both ENT and PsA.

Carbapenem-resistant infections are often difficult to
treat given the limited number of therapeutic options.
Newer antibacterial therapies are also commonly pre-
scribed in carbapenem-resistant infections, which under-
scores the importance of determining if therapeutic
timing impacts outcomes. A key finding of this study is
that delayed initiation of newer antibacterial therapy is
associated with higher mortality rates and longer post-
culture hospital LOS. While starting antibacterial therapy
earlier was associated with better outcomes, more rapid
diagnostic tests are often needed for resistant infections
when newer antibiotics are prescribed. This is evident
from our observation that carbapenem-resistant infec-
tions had a longer TAT than carbapenem-susceptible
infections for both ENT and PsA.

Given the importance of timely initiation of newer
antibacterial therapy in carbapenem-resistant and
MDR infections, prompt identification of these infec-
tions is critical. Understanding the risk factors for car-
bapenem-resistant and MDR infections, which include
previous use of broad-spectrum antibiotics carbapen-
ems, mechanical ventilation, urinary catheterization,
prior ICU stay, carbapenem colonization, and length of
stay in a hospital, may help clinicians more efficiently
identify patients at the greatest risk for these infections
[26-28].

To our knowledge, this is the first published study to
investigate early versus delayed use of newer antibac-
terials in the real-world setting. Although real-world
data are useful, generating these data for newer antibac-
terial therapies is challenging given the frequent delay
in uptake following market availability [29]. In fact, an
analysis of US hospitals in 2018-2019 found that new
antibacterials were used to treat only 35% of CRE infec-
tions when they were expected to be used first line [30].
In addition, non-inferiority data from clinical trials do
not fully inform real-world use of newer antibiotics.
As a result, new agents are frequently used as salvage
therapy [7, 8], which can make it difficult to demon-
strate the benefit of real-world use to inform manage-
ment decisions. Despite these limitations, our findings
indicate that delayed therapy is associated with greater
mortality. Post-culture hospital LOS is also longer when
these therapies are started later, which has important
implications for cost-effectiveness analyses. While the

Page 11 of 13

cost of newer antibacterials is higher, the pharmaco-
economic value of these agents cannot be based on this
factor alone; the impact of a longer hospital LOS due to
delayed initiation of newer antibacterial treatment may
also increase costs.

Newer antibacterials are often reserved for patients
with more severe infections. This aligns with our obser-
vation that for ENT and PsA infections, overall mortal-
ity rates were higher for patients who received newer
antibacterials versus those who did not, and these rates
rose exponentially with longer time to the first new
drug start. The fact that median time to start of newer
antibacterials (87 h for ENT; 84 h for PsA) was mark-
edly longer than median TAT for susceptibility results
in carbapenem-resistant infections (64 h for ENT; 67 h
for PsA) in the overall population provides further evi-
dence for the need to use newer antibacterials earlier in
sicker patients.

Our study has several limitations. Antibacterial suscep-
tibility tests were performed at individual facilities rather
than a central laboratory; therefore, different testing sys-
tems and susceptibility breakpoints may have affected
carbapenem susceptibility results. Patients with positive
bacterial cultures may not have had a confirmed bacterial
infection, including the large number of patients in our
sample with positive urine samples. The testing algorithm
utilized in this study was designed to eliminate hospital
admissions with contaminating bacteria, but it is possi-
ble some bacteria may have been colonizers. Moreover,
information on outpatient antibacterial exposure was not
available. Antimicrobial therapy timing was determined
based on the time of the medication order. Lastly, several
geographic regions (e.g., Mountain and New England)
were underrepresented in the database.

Conclusions

In conclusion, our study demonstrates that obtain-
ing more rapid antibacterial susceptibility results may
improve overall adequacy of empiric therapy and facili-
tate appropriate and timely use of newer antibacterials.
Given the importance of rapid diagnostics, the integra-
tion of key diagnostic tests with antibacterial steward-
ship programs should be considered [31]. Due to the
association between IET and negative outcomes, com-
bining efforts to improve timely susceptibility results
with diagnostic and antibiotic stewardship has the
potential to improve outcomes in patients with MDR
infections.
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