
CLINICAL AND EPIDEMIOLOGICAL STUDY

De-escalation of antimicrobials in the treatment of bacteraemia
due to antibiotic-sensitive pathogens in immunocompetent
patients

N. Shime • S. Satake • N. Fujita

Received: 6 August 2010 / Accepted: 31 March 2011 / Published online: 21 April 2011

� Springer-Verlag 2011

Abstract

Background The aim of this study was to examine the

safety and efficacy of de-escalating antimicrobial therapy

in immunocompetent patients presenting with bacteraemia

due to antibiotic-sensitive pathogens.

Methods We screened 1,350 positive blood cultures

identified in a single, 1,065-bed university hospital over

5 years, and retained 310 cases of bacteraemia due to

antibiotic-sensitive pathogens, including (1) methicillin-

sensitive staphylococci, (2) penicillin-sensitive strepto-

cocci, (3) b-lactam-sensitive (a) Escherichia coli, and (b)

Klebsiella species. The efficacy of appropriate initial

empirical antimicrobial therapy, the performance of de-

escalated pathogen-directed therapy, and the safety and

efficacy of de-escalated therapy were evaluated.

Results Among 270 appropriately treated patients, 16

(6%) died, versus 6 (15%) among 40 who were inappro-

priately treated (p = 0.04). While 201 of 270 patients

(74%) who received appropriate initial empirical therapy

were candidates for de-escalation, the treatment was

de-escalated in only 79 (39%). De-escalation was associ-

ated with (1) a trend toward a lower (a) death rate (1 vs.

5%) and (b) treatment failure (4 vs. 10%), and (2) (a) a

4-day longer median duration and (b) a $50 higher median

cost of antimicrobial therapy (p \ 0.001).

Conclusions When the pathogen was sensitive to anti-

microbial therapy and the initial empirical treatment was

effective, de-escalation of antimicrobial therapy in immu-

nocompetent patients with bacteraemia was safe and

associated with acceptable outcomes. The rate of de-esca-

lation of antimicrobial therapy was low.
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Introduction

Antimicrobials are a key component of a comprehensive

management strategy against severe infections, including

bacteraemia, a worldwide leading cause of deaths in

intensive care units [1–3]. Choosing an appropriate optimal

initial coverage of the pathogen that causes bacteraemia

pending the results of cultures is a major factor associated

with survival [4–8]. From this perspective, the recently

updated Surviving Sepsis Campaign guidelines recom-

mended a treatment strategy involving the use of a broad-

spectrum, empirical antimicrobial regimen, followed by a

de-escalated, pathogen-specific therapy [9]. De-escalation

is strongly recommended in the context of an antimicrobial

stewardship program in order to promote judicious anti-

microbial use and to limit costs, adverse events, and the

risk of developing antibiotic resistance [10].

This study was performed at the University Medical Centre of Kyoto

University Prefectural School of Medicine.
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Difficulties remain, however, with the practical imple-

mentation of de-escalation, especially when attempting to

narrow the spectrum of the pathogen-directed antibiotic

regimen, as one might hesitate to withdraw an effective

initial prescription in favour of an antibiotic of unproven

safety and efficacy. We designed this study to examine the

outcomes of candidates for a de-escalation strategy who

received an effective initial empirical antimicrobial treat-

ment, followed by a narrowed, culture-directed regimen.

Patients and methods

This study was conducted in the Kyoto Prefectural School

of Medicine and University Medical Centre with the

approval (#E-213) of its institutional ethics committee,

which waived the informed consent from the patients. All

data were collected retrospectively from a database kept by

a hospital-based infection control team, and by a review of

medical records.

Between January 2004 and July 2009, the clinical lab-

oratory of the Kyoto Prefectural University Medical Centre

identified 1,350 patients with positive blood cultures,

among whom 1,180 had confirmed bacteraemias, based on

their overall clinical evaluation. In order to simplify the

analysis of the relationship between antimicrobial therapy

and patient outcomes, we selected four groups of patho-

gens, including (1) methicillin-sensitive staphylococci, (2)

penicillin-sensitive streptococci, and (3) non-extended-

spectrum b-lactamase-producing (a) Escherichia coli and

(b) Klebsiella pneumoniae or oxytoca. Antibiotic sensitiv-

ity was tested according to the standards of the Clinical and

Laboratory Standards Institute, using an agar dilution

method. Patients presenting with (1) polymicrobial bac-

teraemia, (2) \1,000 neutrophils/m3/l or similarly severe

immunosuppressive disorders, or (3) unknown empirical

therapy were excluded, leaving 310 patients in this analysis

(Fig. 1).

The initial empirical therapy, administered within 24 h

after the initial collection of blood cultures, was classified

as appropriate when it was (a) active against the causative

pathogen based on the in vitro testing of sensitivity, and

(b) administered intravenously, regardless of dose. Patho-

gen-directed antimicrobial therapy was the regimen

administered after the sensitivity test results had been

obtained. Recipients of an initially appropriate, broad-

spectrum or combined empirical regimen were considered

candidates for de-escalation after the results of the cultures.

Treatment was considered de-escalated when the spectrum

of antibiotics had narrowed, or when C2 initially pre-

scribed antimicrobials were reduced to a single agent.

The decisions to obtain blood cultures and initiate

antimicrobial therapy were left to the physician(s) in

charge of the patient’s care, in optional and occasional

consultation with infection control specialists. In our

institution, physicians must declare their intent, though
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Fig. 1 Exclusion and selection

of patients for the analysis
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they are not prohibited to use carbapenems, fourth-gener-

ation cephalosporin, agents effective against methicillin-

resistant staphylococci, or antifungals.

The patients were followed by the hospital-based

infection control team until the discontinuation of antimi-

crobial therapy for bacteraemia, or until their death. It is

our usual practice to keep the patients in our hospital until

their treatment for bacteraemia has been completed.

Data collection and classification

The demographic and clinical data collected included age,

sex, body weight, acute physiology and chronic health

evaluation II (APACHE II) score, McCabe class at the time

of blood culture collection, origin of bacteraemia, and the

patient’s surgical history. The overall duration of antimi-

crobial therapy, and the costs of empirical and pathogen-

directed treatment of bacteraemia were recorded. We

calculated the cost of the antimicrobials using the official

drug price list from the year 2010 published by the Min-

istry of Health, Labour and Welfare of Japan. All-cause

and infection-related mortality were measured (1) 14 days

after the blood culture collection, and (2) at the end of the

follow-up by the infection control team. A positive blood

culture after the initiation of treatment containing the ori-

ginal pathogen was classified as persistent, and not counted

as a new infection. Bacteraemia due to the same microbi-

ologically documented pathogen that developed after the

discontinuation of treatment was classified as recurrent.

Persistent or recurrent bacteraemia was classified as treat-

ment failure.

Statistical analysis

Continuous data are expressed as medians (ranges), and

were compared using the Mann–Whitney U-test. Categor-

ical data are expressed as counts and percentages, and were

compared using the chi-square test. A p value of\0.05 was

considered statistically significant.

Results

Among 1,350 patients with positive blood cultures, we

identified 1,180 who suffered from clinically confirmed

bacteraemia (Fig. 1). After the exclusion of (1) 772

patients whose blood cultures grew pathogens other than

those included in the four pre-specified groups, (2) 58

patients with \1,000 neutrophils/m3/l or major immuno-

suppressive disorders, (3) 38 patients presenting with

polymicrobial bacteraemias, and (4) 2 patients whose

empirical therapy could not be ascertained, 310 patients

fulfilled the criteria for inclusion in this analysis (Fig. 1).

Appropriateness of initial antimicrobial therapy

and outcomes

The initial empirical therapy was appropriate in 270 (87%)

and inappropriate in 40 (13%) patients. The empirical and

pathogen-directed antimicrobial regimens administered to

the 310 patients are shown in Table 1. Among the 270

Table 1 Empirical and pathogen-directed antimicrobial regimens

Regimen Empiric Pathogen-directed

Monotherapy

Penicillinsa 22 (7) 30 (10)

Antipseudomonal penicillinsb 6 (2) 7 (2)

Cephalosporins

First-generationc 32 (11) 58 (19)*

Second-generationd 46 (15) 46 (15)

Third-generatione 19 (6) 17 (5)

Third-generation antipseudomonalf 36 (11) 22 (7)#

Fourth-generationg 39 (13) 24 (8)�

Carbapenemsh 40 (13) 32 (10)

Quinolonesi 13 (4) 15 (5)

Glycopeptidesj 5 (2) 6 (2)

Othersk 3 (1) 3 (1)

Total 261 (84) 260 (84)

Combined

b-lactams

? b-lactams 5 (2) 3 (1)

? Quinolones 2 (1) 3 (1)

? Aminoglycosidesl 3 (1) 4 (1)

? Glycopeptides 9 (3) 4 (1)

? Antifungalsm 2 (1) 2 (1)

Others 6 (2) 14 (4)

Total 27 (9) 30 (10)

No antimicrobial 22 (7) 20 (6)

Total 310 (100) 310 (100)

Values are numbers (%) of patients

* p = 0.003; � p = 0.04, # p = 0.05 versus empirical
a Benzylpenicillin, ampicillin, ampicillin/sulbactam
b Piperacillin, piperacillin/tazobactam
c Cefazolin
d Cefotiam, cefmetazole, flomoxef
e Cefotaxime, ceftriaxone
f Ceftazidime, cefozopran, cefozopran/sulbactam
g Cefepime, cefozopran, cefpirome
h Merepenem, imipenem/cilastatin, panipenem/betamipron, biapenem
i Ciprofloxacin, levofloxacin, pazufloxacin
j Vancomycin, teicoplanin
k Sulfamethoxazole/trimethoprim, clindamycin
l Gentamicin, amikacin, arbekacin
m Fluconazole, micafungin
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patients who were treated appropriately, 16 died (6%),

versus 6 patients (15%) among the 40 who had inappro-

priate initial antimicrobial treatment (p = 0.04). Similarly,

10 patients (4%) died of infection-related causes in the

appropriately treated group versus 5 (12%) among patients

who were treated inappropriately (p = 0.04). As 1 patient

in the inappropriately treated group died at 19 days, the

14-day all-cause and infection-related mortalities in that

group were 12 and 10%, respectively. The rate of contin-

uous bacteraemia during and recurrence after the course of

antimicrobial therapy tended to be lower (p = 0.06) in the

appropriately (n = 18 patients; 7%) than in the inappro-

priately (n = 6 patients; 15%) treated group.

Among the 270 patients, 201 patients (a) received

empirical broad-spectrum or combined therapy, and

(b) survived [3 days after collection of the blood culture,

and so were candidates for de-escalation.

Outcomes of de-escalation

Among the 201 candidates, antimicrobial therapy was de-

escalated in 79 (39%) and remained unchanged or was

escalated in 122 (61%) patients. The baseline characteris-

tics, including age, sex distribution, mean APACHE II

score, non-fatal McCabe class, and proportion of patients

recovering from a recent surgical intervention, were similar

in both groups (Table 2). The empirical administration of

combined antimicrobials or of single fourth-generation

cephalosporins or carbapenems was also similar in both

groups (Table 2). Urinary tract and central venous cathe-

ters were the most common sources of bacteraemia in both

groups. The abdomen, including the biliary tract, liver and

peritoneum, were significantly less frequently (p \ 0.01)

detected in the de-escalated than in the escalated group

(Table 2). Finally, bacteraemia caused by methicillin-sen-

sitive Staphylococcus aureus was significantly more pre-

valent in the de-escalation group (p \ 0.001).

De-escalation of treatment and outcomes

All-cause mortality in the group of patients whose thera-

pies were de-escalated was 1% versus 5% in the non-de-

escalated group, a nonsignificant difference (Table 3).

Likewise, the 0% infection-related mortality rate in the de-

escalated group versus the 3% rate in the non-de-escalated

group was a nonsignificant difference (Table 3). A single

patient died on day 13 in the de-escalated group, and 6

patients in the non-de-escalated group died on days 5, 6, 6,

8, 11 and 12, respectively. Treatment was unsuccessful in

4% of patients whose regimens were de-escalated, versus

10% in the non-de-escalated group, a nonsignificant dif-

ference (Table 3). The combined rate of deaths and treat-

ment failures was 15% in the non-de-escalated versus 5%

in the de-escalated group (p = 0.05).

Table 2 Characteristics of

patients whose antimicrobial

regimens were unchanged or

escalated versus de-escalated

Unless specified otherwise, each

value is the number (%) of

observations in the

corresponding group

APACHE acute physiology and

chronic health evaluation

* p \ 0.001, � p \ 0.01 versus

unchanged or escalated

Unchanged or escalated

(n = 122)

De-escalated

(n = 79)

Median age, years (range) 66 (0–82) 65 (0–87)

Men 69 (57) 45 (57)

Mean APACHE II score (range) 13 (2–29) 13 (5–35)

Non-fatal McCabe classification 73 (60) 51 (65)

Postoperative state 50 (41) 34 (43)

Source of bacteremia

Central venous catheter 21 (17) 15 (19)

Urinary tract 20 (16) 13 (16)

Abdominal 35 (29) 10 (13)�

Others 15 (13) 26 (33)*

Unknown 31 (25) 15 (19)

Pathogens

E. coli 48 (39) 20 (25)*

Klebsiella sp. 33 (27) 18 (23)

Methicillin-sensitive Staphylococcus aureus 14 (11) 28 (35)*

Methicillin-sensitive coagulase-negative staphylococci 11 (9) 2 (3)

Streptococci 16 (13) 11 (14)

Empirical therapy

Combined 13 (10) 13 (16)

Single fourth-generation cephalosporin 20 (16) 12 (15)

Single carbapenem 27 (15) 15 (19)
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Antimicrobial therapy was administered for a median of

12 days in patients whose treatment regimens were de-

escalated, versus 8 days in the non-de-escalated group

(p \ 0.001; Table 3). The result was similar when we

limited the analysis to the survivors.

The overall costs of antimicrobial therapy were signifi-

cantly higher in the de-escalated than in the non-de-esca-

lated group (p \ 0.001; Table 3). After excluding the

nonsurvivors from the analysis, the overall costs remained

significantly higher in the de-escalated than in the non-de-

escalated group (p \ 0.001; data not shown). The daily

costs of antimicrobial therapy were nonsignificantly lower

in the de-escalated group.

Similar results were observed when we limited the

analysis to the 42 patients presenting with methicillin-

sensitive S. aureus bacteraemia, for whom a longer dura-

tion of therapy is recommended. In this subgroup, the

median duration of antimicrobial therapy was 13 days in

28 patients whose antimicrobial regimens were de-esca-

lated, versus 9 days in 14 patients whose antimicrobial

regimens were not de-escalated (p \ 0.001). All-cause

mortality was 1% in both groups, and no treatment failure

was observed.

Discussion

Our analysis showed that, in patients suffering from bac-

teraemia due to antibiotic-sensitive pathogens, (1) the

empirical choice of an effective initial antimicrobial is a

critical determinant of survival at 28 days, (2) de-escala-

tion was feasible in 74% of patients successfully treated

empirically, although the treatment was actually de-esca-

lated in only 39% of candidates, and (3) compared with no

de-escalation, de-escalation was associated with a trend

toward lower rates of death or treatment failure, though the

total duration and costs of antimicrobial therapy were

greater.

Bacteraemia is among the infectious complications

associated with the highest mortality and morbidity rates

and costs, particularly in patients admitted to the intensive

care unit [1, 2]. The choice of effective antimicrobials is a

key strategic point in the management of bacteraemic

patients [4–8]. Since the identification of the microorgan-

ism and the completion of the culture and sensitivity tests

take C48 h, antimicrobial therapy must be initiated

empirically before the results are known. Several studies

have suggested that the empirical choice of an ineffective

antimicrobial or a delay in the initiation of therapy are

associated with adverse outcomes [4–8]. In a recent meta-

analysis, an inappropriate choice of empirical therapy for

patients presenting with bloodstream infections signifi-

cantly increased the odds of dying [11]. Our observations

suggest that this also applies to bacteraemias caused by

antibiotic-sensitive microorganisms.

One other important factor after the initial administra-

tion of empirical antimicrobial therapy is the judicious

narrowing of the spectrum, while retaining the effective-

ness of the treatment against the identified pathogen(s). The

long-term administration of a broad-spectrum antibiotic, or

of multiple agents, is associated with negative conse-

quences, including the selection of antibiotic-resistant

pathogens, antibiotic-associated diarrhoea, and high costs

[9, 12–14]. Thus, it is advised—whenever possible—to de-

escalate the initial treatment to a single, narrow-spectrum

antibiotic based on the results of the cultures [15, 16].

In a prospective study of ventilator-associated pneu-

monia, the mortality rate was significantly lower in 22% of

patients whose antimicrobial treatments could be de-esca-

lated than in 43% patients whose therapies were escalated,

or 24% in whom the therapies were left unchanged [17].

The treatment was not de-escalated when the causative

Table 3 Outcomes of patients

whose antimicrobial regimens

were unchanged or escalated

versus de-escalated

Unless specified otherwise, each

value is the number (%) of

observations in the

corresponding group

* p \ 0.001 versus unchanged

or escalated

Unchanged or

escalated (n = 122)

De-escalated (n = 79)

Treatment failures

Recurrence 9 (7) 2 (2)

Continuous bacteraemia 3 (2) 1 (1)

Deaths

All causes 6 (5) 1 (1)

Infection-related 3 (3) 0 (0)

Median days of therapy (range) 8 (3–33) 12 (3–40)*

Median antimicrobial costs, US$ (range)

Empiric 151 (13–547) 189 (27–1342)*

Pathogen-directed 254 (5–4557) 263 (26–3053)*

Total 405 (18–5028) 453 (49–3909)*

Median daily antimicrobial costs, US$ (range) 50 (5–182) 36 (10–301)
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pathogen was antibiotic resistant, a factor that has a sig-

nificant impact on the clinical outcome [6]. In another

study of ventilator-associated pneumonia, treatment was

de-escalated in 27% of patients, and this was associated

with similar relapse rates to non-de-escalation [18]. How-

ever, it is not clear how the outcomes of patients whose

treatments were not (though they could have been) de-

escalated might have been changed. In our study, patients

were ‘‘de-escalation candidates’’ when they met specific

criteria, which allowed us to assess the impact of de-

escalation of treatment.

In this immunocompetent population, and after an

effective initial empirical therapy, de-escalation was safe

and associated with a trend toward lower mortality and

treatment failure rates. One might hypothesize, however,

that physicians were reluctant to de-escalate the treatment

regimen in patients who did not respond readily to the

initial antimicrobial(s), and were more likely to de-escalate

in patients with a clinical status that improved rapidly in

response to the initial therapy. Additional randomized

studies are needed to evaluate the effect of de-escalation on

outcome by stratifying the data according to the severity of

the underlying disease, or to the initial response to therapy.

The de-escalation strategy was not associated with lower

costs of antimicrobial therapy. This was mainly due to a

median 4-day longer duration of treatment compared with

the non-de-escalated group. Recent studies have suggested

that \7 days of therapy are sufficient for the treatment of

bacteraemia [19, 20]. Another study has shown that

*6 days of intravenous antimicrobial therapy followed by

oral therapy would suffice for complicated skin and skin

structure infections [21]. Shortening the duration of anti-

microbials after the initiation of a culture-directed regimen

might lower the overall costs of antimicrobial therapy.

Our observation of a\40% rate of de-escalation among

legitimate candidates for this treatment strategy is a con-

cern. Previous studies have shown that the unavailability of

conclusive cultures to guide treatment [22, 23] or bacter-

aemia caused by multiresistant strains should not be treated

with de-escalation [24]. Our study, however, enrolled

patients who were candidates for de-escalation by exclud-

ing these characteristics. A recent study has pointed to the

difficulties involved in de-escalating treatment in ‘‘real-

world’’ practice, including for non-life-threatening urinary

tract infections due to antibiotic-sensitive E. coli [25].

Nonadherence to the practice guidelines that have been

issued regarding antimicrobial therapy is not uncommon

when treating bacteraemia [26] or pneumonia [27], though

it must be overcome with a view to improving clinical

outcomes. Emphasis at the bedside by disseminating evi-

dence-based knowledge and by motivating healthcare

providers may be a solution [28]. From this perspective, the

better clinical outcomes associated with the de-escalation

of antimicrobial therapy in our analysis may encourage

caregivers to adopt and adhere to this strategy.

The retrospective design of our study is a methodolog-

ical limitation that is difficult to overcome due to the

obvious ethical issues that have to be considered when

studying the management of a life-threatening illness. The

timing of the initial suspicion and the decision to obtain the

first blood culture may greatly influence the appropriate

timing of treatment and the outcome of bacteraemia. We

could not control this variable, since the data collection

started after the prescription of antimicrobials. Likewise,

we could not control the frequency and importance of

interventions by infectious disease specialists, a variable

factor that has a significant impact on the prescription of

antimicrobials [5, 22, 29]. Second, the suspicion of ‘‘bac-

teraemia’’, the decision to obtain blood cultures, or the

choice and doses of antimicrobials depended mostly on the

primary care physicians; it was not guided by a protocol or

by recommendations made by infectious disease special-

ists. This might be reflected in the use of first- or second-

generation cephalosporins, a narrow spectrum of

antimicrobials often used as empirical therapy. Third, the

pathogens we studied were limited to four categories of

antibiotic-sensitive Gram-negative and -positive microor-

ganisms, which are implicated in the majority of bacter-

aemia [1–3]. Therefore, our data cannot be extrapolated to

other pathogens, particularly antibiotic-resistant species,

which might require a different therapeutic strategy.

Finally, the source of bacteraemia, particularly abdominal

[20], might affect the performance of de-escalation. Further

studies are needed to assess the effects of de-escalation for

each source in order to optimize the selection of candidates

for de-escalation.

In conclusion, our study showed that the de-escalation of

antimicrobial therapy for bacteraemia was safe when the

pathogen was antibiotic sensitive and the initial empirical

treatment was effective, and confirmed the importance of

starting empirical therapy early, preferably within \24 h,

to increase the chance of survival. Additional, prospective

studies should be planned to confirm the safety and efficacy

of the de-escalation of antimicrobial therapy against other

clinically important drug-resistant strains [8], including

extended-spectrum b-lactamase-producing enterobacteria-

ceae, Pseudomonas aeruginosa, and methicillin-resistant

Staphylococcus aureus [30].
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