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Abstract

Patients with bacteraemia constitute an useful population for an audit of antibiotic treatments. Empirical antibiotic therapy (EAT)
and its reassessment must take into account clinical data and microbiological results. Our aim was to determine the impact of
these sequential steps of the therapy on survival. This was a retrospective multicentre study which included patients admitted to
emergency departments (ED) for whom blood cultures were positive over a 4-month period. Microbial results were compiled
from the database of the laboratories. The relevant information was extracted from the computerized patient’s chart. An efficient
EAT was based on antibiotic susceptibility of the bacteria. An effective antibiotic reassessment (AR) was defined as any
modification of the EAT. Unfavorable outcome was defined as death of the patient during in-hospital care. Three hospitals and
two clinics took part in this study, 169 patients with bacteraemia being included. The diagnosis in ED was undetermined in 21
cases (12%), 35 patients (21%) required intensive care, and 23 died (14%). One hundred and thirty-six patients (80%) received an
EAT, the latter being efficient in 107 cases (63%). An effective AR was performed in 116 cases (69%). In multivariate analysis,
risks factors for death were: ongoing cancer AOR (adjusted odds ratio) 3.34, undetermined diagnosis in ED: AOR 9.34 and
severe sepsis or shock: AOR 6.98. Effective AR was a protective factor: AOR 0.28 [0.09-0.81]. One third of bacteraemic patients
in ED did not benefit from AR. Improvement of antimicrobial stewardship should be associated with a higher rate of survival.

Keywords Emergency department - Bacteraemia - Healthcare-associated infections - Empirical antibiotic therapy - Antibiotic
reassessment

Infectious diseases (ID) are unpredictable illnesses with sub-
stantial clinical and microbiological diversity and without any
specific element for recognition. Furthermore, access to spe-
cialized ID departments, which are rare in the French
healthcare system, is limited. In light of this, emergency de-
partments (ED) constitute the main resource for patients with
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severe ID. Bacteraemia is a severe ID, which requires the
administration of an efficient empirical antibiotic therapy
(EAT) as soon as possible [ 1-3]. Empirical antibiotic therapies
are based on both national and international guidelines, value-
added by the awareness on local bacterial resistance [4—7].
However, an antibiotic reassessment (AR), which must lead
to a documented treatment in case of a positive blood culture,
is often not possible for the initial prescribers in the ED, since
the results of bacteriological samples are generally not avail-
able until at least 12 to 72 h after the sampling.

With regard to EAT, when it comes to making a decision
concerning the therapeutic options, the physician in charge
must take into account the prevalence of multidrug-resistant
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(MDR) bacteria observed in the local area [3, 6—8]. In our own
region, 10% of E. coli and more than 30% of K. pneumoniae
isolates are now resistant to third-generation cephalosporins
(Ceph-3). These endemic strains of MDR bacteria are one of
the main reasons for launching an efficient antimicrobial stew-
ardship programme (ASM) [7, 9—-11].

Previous studies on bacteraemic patients underlined the
need for a multidisciplinary approach in which clinicians, mi-
crobiologists, and ID specialists work in a coordinated and
joint manner [12—18]. Also, other studies on ASM in the ED
have revealed a significant impact in terms of lowering anti-
biotic use [18, 19], but very few studies have detailed the
impact of ASM recommendations on the outcome of
bacteraemic patients from ED [4]. Our aim was to evaluate
the EAT prescribed in the ED and its reassessment for patients
who had positive blood cultures, with an emphasis on the final
outcome at the end of the hospitalization period.

Methods

This was a retrospective study performed in three public hos-
pitals and two private medical clinics. The participating insti-
tutions worked in a professionnel multidisciplinary network
for antibiotic stewardship, the objectives being practice audits,
homogenization, and clinical research [20-22].

Each of these institutions had an ED, although as the two
clinics had a close working relationship along complementary
paths for different medical and surgical specialities, they were
treated as a single institution for the purposes of this study.

All of the patients with positive blood cultures per-
formed in the ED over the course of 4 consecutive months
from January 2015 to April 2015 were enrolled. The full
patient list was obtained from the digital databases of the
laboratories. The number of blood samples obtained per
patient in the ED was also reported, as was the antibiotic
susceptibility of the strains.

Contaminated blood cultures were defined by the isolation
of common skin commensals (e.g., coagulase-negative staph-
ylococci, “diphtheroids”, micrococcus, Bacillus spp.) When
these were identified, they were not in keeping with the clin-
ical features of the case.

Multidrug-resistant bacteria were ESBL-secreting
Enterobacteriaeae (ESBL-E) or those secreting high-level
cephalosporinases, Staphylococcus sp. resistant to methicillin,
and vancomycin-resistant Enterococci.

All of the clinical data, therapeutic means, and outcomes
were collected from the digital medical files of the patients.
Co-morbidities were defined by the prescription of a specific
treatment prior to the hospital care, or if the diagnosis was
newly established during the hospital stay. More specifically,
the diagnosis in the emergency room, the disease severity, and
the final diagnosis available in the written records by the end
of the hospitalizations were also reported. With regard to se-
verity, we used criteria which were consensual at the time that
the care was provided [8].

Healthcare-associated infections were defined as: 1) a di-
agnosis established > 48 h after hospital admission, 2) when
observed less than 1 month after surgery, and less than 1 year
in case of insertion of a surgical device, and 3) when observed
in association with an underlying urinary or venous
catheterization.

An efficient EAT was defined by the susceptibility of the
bacterial strain to at least one of the prescribed compounds.
An effective AR was defined as any modification (including
the first introduction) of the initial antibiotic treatment, irre-
spective of the time to change.

An unfavorable outcome was defined as death of the pa-
tient during the hospital stay.

Statistical analysis

The data were analyzed with Statview software version 4.5
and statistical significance was established at & = 0.05.

Table 1 Bacteria involved in 169
bacteraemia in four emergency

Community-acquired Healthcare-associated

rooms over 4 months. n =134 (79%) n=3521%)

Enterobacteriaceae 78 (58) 19 (54)
Staphylococcus spp. 20 (15) 7 (20)

- Staphylococcus aureus 1718 2

- coagulase negative strains 2 65
Streptococcus 21 (16) 309
Enterococcus 32 39
Others' 9(8) 30

- Corynebacterium spp. 0 4
Polymicrobial 3(Q2) 0

! Other bacteria included anaerobes (1 = 4), Corynebacterium species (n = 4) Listeria monocytogenes (n = 1),
Pseudomonas aeruginosa (n = 1), Acinetobacter baumanii (n = 1) Actinomyces spp. (n =1)
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Table 2 Comparison of the
patients grouped according to EAT Without EAT P
whether they received an n=158(74) n=56(26)
empirical antibiotic therapy
(EAT). Univariate analysis. The Institution
initial dia, i
lcr(l)lrt:;dereﬁ?(a):l:virlﬁizoﬂieabsence —A 2103 036) 0.606
of microbial cultures at the time of -B 36 (23) 18(32) 0.165
the empirical antibiotic -C 68 (43) 17 (30) 0.095
prescriptions -D 33 (21) 12 21) 0.931
Age (years) 71£18 68 =24 0.590
Sex-ratio (M/F) 1.59 1.24 0.428
Contaminated blood culture 22 (14) 23 (41) < 0.001
Healthcare-associated infections 28 (18) 9 (16) 0.779
Comorbid conditions
— Cardiovascular 66 (42) 25 (45) 0.708
— Pulmonary 34 (22) 9 (16) 0.382
— Neurological and/or psychiatric 36 (23) 14 (25) 0.736
— Renal 14 (9) 9 (16) 0.138
— Liver diseases 1509) 3(5) 0.337
— Cancer or immunodepression 41 (26) 16 (29) 0.702
— Diabetes 36 (23) 9 (16) 0.289
Diagnosis in the ER
— Urinary infections 48 (30) 3(5) < 0.001
— Respiratory infections 35(22) 509 0.029
— Gastrointestinal infections 27 (17) 50) 0.141
— Cutaneous infections® 17 (11) 12 (21) 0.045
— Other” 14 (9) 9 (16) 0.134
— Non-infectious diseases 1(1) 12 (21) < 0.001
— No precise diagnosis 12 (8) 26 (46) < 0.001
Severity
— Severe sepsis or septic schok 56 (35) 5(09) < 0.001
— Intensive care requirement 38 (24) 2(4) < 0.001
Effective reassessment 96 (61) 32(57) 0.635
Death 24 (15) 50) 0.239

Multidrug-resistant bacteria = BLSE-E, oxacillin-resistant Staphylococcus sp., or ceftazidime-resistant

Pseudomonas sp.

ER, emergency room

a

including catheter-related infections

b meningitis, endocarditis, osteo-articular infections

Continuous variables were compared with the Mann—Whitney
non-parametric test, and qualitative variables were compared
with the x* or Fisher’s exact test, when appropriate. Logistic
regression was used for multivariate analysis of the impact of
EAT and effective antibiotic reassessment on all causes of in-
hospital mortality, and results are presented as adjusted odds
ratios (AORs) with their 95% confidence intervals (CIs).
Variables were selected as candidates for the multivariate anal-
ysis on the basis of the level of significance of the univariate
association with in-hospital mortality (p < 0.1). Models were
built sequentially, starting with the variable most strongly as-
sociated with the outcome and continuing until no other

variable reached significance or altered the odds ratios of var-
iables already in the model. When the final model was
reached, each variable was dropped in turn to assess its effect.

Results

Two hundred and fourteen patients with positive blood cul-
tures were included. The total number of blood cultures per-
formed was 306, the patients having between one and four
positive samples each.
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Table 3 Comparison of patients
grouped according to whether
they received an efficient
empirical antibiotic therapy
(EEAT) or an inefficient EAT
(IEAT). For this univariate analy-
sis, the definitive diagnosis as
well as the bacteriological results
were considered so as to estimate
the role of efficient EAT on the
prognosis. IEAT included the ab-
sence of empirical therapy when
blood cultures were positive
without contamination, which is
synonymous of ongoing infec-
tious disease. Patients with a
contaminated blood culture as
well as those with non-infectious
diseases as the final diagnosis

(n =13, 6%) were excluded

EEAT IEAT
n =107 (63) n=062(37)
Institution
-A 18 (19) 16 (26) 0.160
-B 47 (44) 20 (32) 0.135
-C 25 (26) 16 (23) 0.721
-D 18 (17) 10 (16) 0.511
Age (years) 73+£17 67 +£22 0.045
Sex-ratio (M/F) 1.48 1.69 0.691
Healthcare-associated infections 23 (21) 12 (19) 0.740
Comorbid conditions
— Cardiovascular 47 (44) 28 (45) 0.876
— Pulmonary 20 (19) 11 (18) 0.877
— Neurological and/or psychiatric 22 (21) 14 (23) 0.757
— Diabetes 19 (18) 19 (31) 0.053
— Liver diseases 10 (10) 6 (8) 0.943
— Cancer or immunodepression 33 (31) 17 (27) 0.638
— Renal 10 (9) 8 (10) 0.483
Definitive diagnosis®
— Urinary infections 41 (38) 23 (37) 0.874
— Respiratory infections 17 (16) 6 (10) 0.256
— Gastrointestinal infections 29 (27) 8 (13) 0.031
— Cutaneous infections 12 (11) 15 (24) 0.026
— Other 9 (8) 10 (16) 0.125
— No precise diagnosis 7 (6) 14 (23) 0.002
Multidrug-resistant bacteria® 7 (6) 8 (13) 0.161
Severity
— Severe sepsis or septic schok 36 (34) 18 (29) 0.535
— Intensive care requirement 24 (22) 11 (18) 0.468
No empirical antibiotic therapy - 29 (47)
One compound (n = 53%) 36 (34) 17 (27) 0.400
— Third-generation cephalosporin (Ceph-3) 19 (18) 7(11) 0.261
— Amoxicillin + clavulanic acid 12 (11) 7(11) 0.988
Combination (n = 71%) 56 (52) 15 (24) < 0.001
— Ceph-3 + aminoglycoside 15 (14) 3(5) 0.062
— Ceph-3 + metronidazole 9(8) 3(5) 0.317
>3 compounds (n = 8%) 8(7) 1(1) 0.066
Effective antibiotic reassessment 69 (64) 47 (76) 0.126
Death 13 (12) 10 (16) 0.467

 Definitive diagnosis: those indicated in the record by the end of the hospitalization

Blood-culture contamination was observed in 45 cases
(21%), coagulase negative Staphylococcus being the predom-
inant bacterium (34 cases, 77%) followed by P. acnes in four
cases (9%).

Thus, true bacteraemia was diagnosed in 169 cases, due
to Enterobacteriaceae in 57% of the cases, Staphylococcus
sp. in 16%. Streptococcus sp. and Enterococcus sp.
accounted for 14% and 4% of the cases respectively

@ Springer

(Table 1). Multidrug-resistant bacteria were isolated in 15
cases (9%), including 12 E-ESBL, 2 Enterobacteriaceae
expressing high levels of cephalosporinases, and one
methicillin-resistant Staphylococcus.

Demographic data are indicated in Table 2. Patients with
urinary, respiratory, and digestive infections were the three
main disease-related patient groups in the emergency room,
accounting for 57% of the patients. It should be noted that in
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Table 4 Risk factors for death
during in-hospital care. Patients Unfavorable Favorable P AOR [95% CI]
with blood culture contamination outcome outcome
and those with non-infectious n=23(14) n =146 (86)
diseases as their final diagnosis
were excluded. Univariate and Institution
multivariate analysis. With regard A 5(22) 29 (20) 0.834
to antibiotic therapy, only the two '
main regimens are indicated -B 13 (57) 54 (37) 0.075  3.61[1.26-10.30]
-C 3(13) 38 (26) 0.275
-D 209 26 (18) 0.428
Age (years) 79+ 11 73+ 17 0.150
Sex-ratio (M/F) 2.28 1.47 0.362
Healthcare-associated infections 3(13) 32 (22) 0.329
Comorbid conditions
— Cardiovascular 14 (61) 61 (42) 0.086
— Pulmonary 3(13) 28 (19) 0.675
— Neurological and/or psychiatric 8 (35) 28 (19) 0.089
— Diabetes 7 (30) 3121 0.325
— Liver diseases 4(17) 12 (8) 0.309
— Ongoing cancer 12 (52) 38 (26) 0.010  3.34[1.17-9.46]
— Chronic renal disease 209 16 (11) > 0.999
— No diagnosis in the emergency 6 (26) 15 (10) 0.032  9.34[2.21-39.48]
room
Definitive diagnosis
— Urinary infections 5(22) 59 (40) 0.086
— Respiratory infections 6 (26) 17 (12) 0.060
— Gastrointestinal infections 4(17) 33 (23) 0.770
— Cutaneous infections 4(17) 23 (16) > 0.999
— Other 4(17) 15 (10) 0.514
Multidrug-resistant bacteria 14) 14 (10) 0.667
Severity
— Severe sepsis or septic shock 14 (61) 40 (27) 0.001  7.65[2.43-24.12]
— Intensive care requirement 8 (35) 27 (18) 0.073
No empirical antibiotic therapy 209 31(21) 0.259
Efficient empirical antibiotic therapy 13 (57) 94 (64) 0.467
One compound (n = 53, 31%) 8 (35) 45 (31) 0.703
— Third-generation cephalosporin 4(17) 22 (15) >0.999
(Ceph-3)
— Amoxicillin + clavulanic acid 4 (17) 15 (10) 0.315
Combination (n = 71, 42%) 12 (52) 59 (40) 0.288
— Ceph-3 + aminoglycoside 14) 17 (12) 0.488
— Ceph-3 + metronidazole 209 10 (7) > 0.999
>3 compounds (n = 8, 5%) 14) 7(5) >0.999
Effective antibiotic reassessment 11 (48) 105 (72) 0.020  0.28 [0.09-0.81]

38 cases (18%), no diagnosis was recorded in the patient’s
medical file. The severity of the diseases was significant, as
40 patients (19%) required admission to intensive care.

After exclusion of the patients with contaminated blood
cultures and those without infectious diseases (n = 13, 6%),
169 patients were analyzed. Healthcare-associated infections
were observed in 35 cases (21%), including 24 in a medical

context (main subgroup: 12 patients with cancer and central
catheter and/or neutropenia) and 11 post-operative infections.
These HCAI were associated with multidrug-resistant bacte-
ria: 6/35 (17%) versus 9/134 (7%) respectively, p = 0.053.
Among those 169 bacteraemic patients, 107 (63%) re-
ceived an efficient EAT (see Table 3). The univariate analysis
showed that disease severity as well as urinary, respiratory, or
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cutaneous infections were associated with the prescription of
an EAT. By contrast, the absence of a presumptive diagnosis
was associated with the lack of an EAT (p < 0.001).

Taking into account that 33/169 patients (19.5%) did not
receive an EAT, the main treatment included a single com-
pound in 31% of the cases, a combination in 42%, and more
than two compounds in 5%. Also, Ceph-3 was the most com-
monly prescribed compound, with 32% of the patients being
given these antibiotics.

Antibiotic reassessment was effective in 116/169 cases
(69%), and it was not significantly more frequent in the
case of an inefficient EAT, keeping in mind that out of 33
bacteraemia patients without EAT, 26 (79%) received an
antibiotic reassessment, meaning the introduction of an ef-
ficient therapy.

Risk factors for death

Twenty-three patients (14%) died over the course of their in-
hospital care. Table 4 indicates the risk factors for death using
a multivariate analysis by logistic regression, including all
variables associated with a trend for antibiotic use (p < 0.1).
Death was associated with cancer (p = 0.019); the absence of a
diagnosis in the emergency room (p < 0.001); a severe sepsis
or a septic shock (p < 0.001). Reassessment of the antibiotic
therapy was a protective factor with an AOR 0.28 [0.09-0.81],
p=0.017.

Discussion

Our retrospective audit of antibiotic therapy for bacteraemic
patients in the emergency departments yielded three important
results: (1) an unexpected epidemiological observation that a
high proportion of bacteraemia patients in the emergency rooms
presented with HCAI, (2) a significant proportion of patients
did not have any established diagnosis, and this had a negative
impact on the prognosis, and (3) antibiotic therapy reassessment
was associated with a better outcome. Lastly, as reported in
multicentre antibiotic audits, differences in therapeutic practices
led to different prognosis between institutions [21, 22].

A few previous studies have reported a high proportion
(between 15 and 30%) of healthcare-associated infections in
patients with positive blood cultures at hospital admission [4,
14, 17]. We found 12 bacteraemia (5.6%) due to E-ESBL. A
recent study indicated that only 38% of E-ESBL infections
were truly community-acquired [23]. Accordingly, we found
a trend towards HCAI and MDR bacteria (p = 0.053). We
believe that the determination of factors contributing to this
high proportion of HCAI in patients with bacteraemia in emer-
gency departments warrants further investigation.

The lack of diagnosis is usually reported in the literature
under the term “sepsis” or “sepsis of unknown origin”, and
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may amount to between 15 and 30% of cases [24, 25]. There
are difficulties in defining sepsis, which is a general term
applied to a partially undetermined process, with no clinical
criteria or decisive laboratory characteristics [8, 24]. It was,
however, not possible to use new definitions of sepsis in our
study which were unknown to the practitioners in 2015 [26].
Considering bacteria involved in community-acquired infec-
tions (see Table 1), in which Streptococcus species as well as
Enterococcus and anaerobes are commonly isolated, our re-
sults and others suggest the use of a penicillin-derivative com-
pound for a sepsis of unknown origin [25].

To the best of our knowledge, our study is the first to estab-
lish a relationship between the absence of even a putative diag-
nosis in the emergency department and an unfavorable out-
come. This realistic approach should be systematically used
for the evaluation of an empirical antibiotic therapy.
Ultimately, 33 of our patients (19%) did not receive an EAT
in the emergency room, and among patients receiving an EAT,
the treatment was efficient against the bacteria involved in 107
cases (66%). Lastly, antibiotic reassessment was relatively fre-
quent, being effective in 128 cases (60%), compared to what
has been reported in previous studies (from 17 to 36%) [20, 27,
28]. Importantly, the multivariate analysis revealed that antibi-
otic reassessment was associated with increased survival during
the in-hospital care, compared to patients without modification
of the empirical antibiotic therapy. This result has been reported
previously [29, 30]. Accordingly, in a prospective study in a
university hospital including 3413 bacteraemia patients, the rate
of mortality was 20% in cases of efficient EAT, compared to
34% in cases of inefficient EAT [29].

Limitations of our study are its retrospective nature, which
prevents the reasons for the antibiotic reassessments from be-
ing known, while the impact of the transfer of the patients in
clinical departments was not determined at all. Lastly, our
definition for antibiotic reassessment based on treatment mod-
ifications may lead to an underestimation of the quality of the
antibiotic treatment, but optimal EAT, according to previously
published analysis [20], has not been observed.

Conclusion

Optimal antibiotic therapy given to patients with bacteraemia
in the emergency room needs to distinguish healthcare-
associated infections from community-acquired infections.
This allows the EAT to be better defined, as well as its reas-
sessment, which has a favorable impact on survival.
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