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Background.  Carbapenems are widely used for the management of bloodstream infections (BSIs) caused by extended-spectrum 
β-lactamase-producing Enterobacteriaceae (ESBL-PE). However, the wide use of carbapenems has been associated with carbapen-
em-resistant Enterobacteriaceae development.

Methods.  We searched the PubMed and Scopus databases (last search date was on June 1, 2016) looking for studies that reported 
mortality in adult patients with ESBL-PE BSIs that were treated with carbapenems or β-lactam/β-lactamase inhibitors (BL/BLIs).

Results.  Fourteen studies reported mortality data in adult patients with ESBL-PE BSI that were treated with carbapenems or BL/
BLIs. Among them, 13 studies reported extractable data on empiric therapy, with no statistically significant difference in mortality of 
patients with ESBL-PE BSI that were treated empirically with carbapenems (22.1%; 121 of 547), compared with those that received 
empiric BL/BLIs (20.5%; 109 of 531; relative risk [RR], 1.05; 95% confidence interval [CI], 0.83–1.37; I2 = 20.7%; P = .241). In addi-
tion, 7 studies reported data on definitive therapy. In total, 767 patients (79.3%) received carbapenems and 199 patients (20.6%) 
received BL/BLIs as definitive therapy, and there was again no statistically significant difference (RR, 0.62; 95% CI, 0.25–1.52; I2 = 
84.6%; P < .001). Regarding specific pathogens, the use of empiric BL/BLIs in patients with BSI due to ESBL-Escherichia coli was not 
associated with a statistically significant difference in mortality (RR, 1.014; 95% CI, 0.491–2.095; I2 = 62.5%; P = .046), compared 
with the use of empiric carbapenems.

Conclusions.  These data do not support the wide use of carbapenems as empiric therapy, and BL/BLIs might be effective agents 
for initial/empiric therapy for patients with BSI caused by likely ESBL-PE, and especially ESBL-E coli.

Keywords.  β-lactam/β-lactamase inhibitor (BL/BLIs); bloodstream infection (BSI); carbapenems; extended-spectrum β-lacta-
mase (ESBL).
 

The incidence of infections caused by extended-spectrum 
β-lactamase-producing Enterobacteriaceae (ESBL-PE) is 
increasing [1–3], and, according to a 2013 report from the US 
Centers of Disease Control and Prevention, 19% of healthcare-re-
lated Enterobacteriaceae infections are caused by ESBL-PE [4]. 
Bloodstream infections (BSI) caused by ESBL-PE, in particular, 

are associated with high mortality, prolonged hospital stay, and 
increased hospital costs [5, 6], and for these infections, carbap-
enems are currently considered the first-line therapy [5, 7, 8]. 
However, the use of carbapenems has been linked to the devel-
opment of carbapenem-resistant Enterobacteriaceae [8]. The 
efficacy of β-lactam/β-lactamase inhibitor (BL/BLIs) combina-
tions, such as piperacillin/tazobactam, in ESBL-PE BSI treat-
ment is reported, but it is controversial [9, 10]. We conducted 
a systematic review and meta-analysis to compare the empiric 
use of BL/BLIs with that of carbapenems for ESBL-PE BSI.

METHODS

This systematic review and meta-analysis was conducted 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [11].

Data Source and Searches

A systematic search of the PubMed and Scopus databases was 
conducted (last day of access: June 1, 2016), using the terms 
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“(ESBL OR (Extended spectrum β lactamase) OR (Extended 
spectrum β lactamase)) AND (bacteremia OR bacteraemia 
OR blood OR bloodstream OR septicemia OR sepsis).” Two 
researchers (M. E. F. and M. M.) screened the identified articles 
by reading through their title and abstract. Relevant studies in 
English were reviewed in full text. We supplemented our search 
by searching the references lists of the eligible studies.

Study Selection

Articles were considered eligible for inclusion if they reported 
data on the mortality of adult patients with ESBL-PE BSI that 
received monotherapy with carbapenems or BL/BLIs. For stud-
ies that reported outcomes at multiple time points, data on the 
longest follow-up period were used. Case reports and confer-
ence abstracts were not considered.

Definitions

We defined as empiric therapy the use of antimicrobial agents 
administered based on clinical suspicion and before the results 
of blood cultures and susceptibility tests become available. 
The antibiotic treatment administered based on susceptibility 
results was considered as definitive therapy.

Data Collection

Our primary outcome was to compare the mortality of 
patients with ESBL-PE BSI that received carbapenems to the 
mortality of patients with ESBL-PE BSI that received BL/BLIs. 
Two researchers (M. E. F. and M. M.) independently extracted 
the data from eligible studies into separate Microsoft Excel 
2010 spreadsheets (Microsoft Corporation, Redmond, WA), 
and discrepancies were resolved by consensus. The following 
data were extracted: study mid-year, country, study design, 
ESBL-PE species, number of patients with ESBL-BSI that 
received empiric and/or definitive therapy with carbapen-
ems or BL/BLIs, and, among them, the number of patients 
who died. Studies were grouped according to World Health 
Organization regions [12].

Quality Assessment

All included studies were evaluated using the Newcastle-Ottawa 
Quality Assessment Scale (NOS) for methodological quality 
[13]. The NOS is a star-based system that evaluates studies at 3 
levels: selection of the exposed and nonexposed cohort, compa-
rability of cohorts, and outcomes. A maximum of 7 stars could 
be assigned to each study, because the field “Comparability of 
cohorts on the basis of the design or analysis” was not applicable 
in our analysis. We considered the study appropriate for inclu-
sion if it received at least 4 of 7 stars (of 7 maximum).

Data Synthesis and Analysis

For subgroup and sensitivity analyses, we divided the included 
studies that provided relevant data into 2 groups. In the first 
group, the researchers retrospectively reviewed patient charts 
and included patients with ESBL-PE BSI, and the isolated path-
ogens were susceptible to the carbapenems or BL/BLIs. In the 

second group, the researchers did not use the sensitivity test 
results to select the included patients.

For statistical analysis, we calculated pooled risk ratios (RRs) 
and 95% confidence intervals (CIs) for comparison. Data were 
excluded from our analysis if both comparison sides reported 
zero-event (death) [14]. I2 and X-square were used to evalu-
ate the statistical heterogeneity among studies. The I2 values 
of <25%, 25%–50%, or >50% indicates low, moderate, or high 
heterogeneity, respectively. We used the Egger’s test (ET) to test 
for publication bias due to small study effect. For direct com-
parisons, we used a fixed-effects model (Mantel-Haenszel) in 
absence of heterogeneity, otherwise we used random-effects 
model with the DerSimonian and Laird approach. For sensitiv-
ity analysis we used meta-regression analyses. The Stata version 
14 software package (Stata Corporation) was used to perform 
the statistical analysis. A P value less than 0.05 was considered 
as statistically significant.

RESULTS

By the last search date (June 1, 2016), we found 3409 articles 
(1336 articles from PubMed and 2073 articles from Scopus). 
After removing duplicates and excluding articles by review-
ing their abstracts and titles, we accessed 222 articles in full 
text (including 3 articles that were added later after review-
ing the references list of potential included papers). Of these, 
204 articles were excluded: 105 articles lacked extractable data 
on carbapenems and/or BL/BLIs treatment, 85 articles lacked 
extractable data related to ESBL-PE infection, 5 articles were 
case reports, 3 articles were reviews, 3 articles lacked extract-
able data for BSI treatment, 2 articles did not report extracta-
ble data on outcomes from treatment with carbapenems or BL/
BLIs monotherapy, and in 1 article there were no extractable 
data on the outcomes of adult patients. As a result, we identified 
14 studies, coded by 18 articles, that fulfilled our inclusion cri-
teria (Figure 1). By searching the references list of the included 
articles, no further studies met our inclusion criteria. All of the 
included studies were of high quality (registered ≥4 stars of 7 
stars on NOS) (Supplementary Data).

Of the 14 included studies (that fulfilled our inclusion cri-
teria) [15–28], 11 were retrospective [15, 17–19, 21–25, 27, 
28] and 3 were prospective [16, 20, 26] (Table 1). One study 
was multicenter and performed in 12 countries (Table 1) [15], 
6 studies were performed in the Western Pacific region (4 in 
China [2 of them were performed in Taiwan], 1 in Republic 
of Korea, and 1 in Singapore) [16, 18, 21, 22, 24, 27], 4 studies 
were performed in the European region (1 in Italy, 2 in Spain, 
and 1 in Turkey) [20, 23, 26, 28], and 3 studies were performed 
in the region of the Americas (1 in Canada and 2 in United 
States of America) [17, 19, 25]. The isolated pathogens were 
Escherichia coli in 5 studies [16, 20, 23, 26, 27], Enterobacter 
cloacae in 2 studies [22, 25], E coli or Klebsiella pneumoniae in 
5 studies [17–19, 21, 24], and E coli or K pneumoniae or Proteus 
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mirabilis in 1 study [28]. The isolated pathogens were not spec-
ified in 1 study [15]. In addition, 8 studies reported mortality at 
30 days [15, 16, 18, 20, 21, 24, 26, 27], 2 studies reported mor-
tality at 28 days [22, 25], 1 study reported mortality at 21 days 
[28], 1 study reported mortality at 14 days [23], and 2 studies 
reported outcomes until hospital discharge [17, 19]. A  sum-
mary of the number and percentage of patients with ESBL-PE 
BSI categorized according to the source of BSI is provided in 
the Supplementary Data.

Among the 14 included studies, we found 13 studies [15–18, 
20–28] that reported data on empiric therapy for patients with 
ESBL-PE BSI. These studies included a total of 1078 patients, 
among them 547 (50.7%) received carbapenems and 531 
(49.3%) received BL/BLIs as empiric monotherapy. Among 
those patients, 121 patients (22.1%) in the carbapenems group 
and 109 patients (20.5%) in the BL/BLIs group died. There was 
no statistically significant difference in the mortality of patients 
that were treated with carbapenems compared with BL/BLIs 

(RR, 1.05; 95% CI, 0.83–1.37; I2 = 20.7%; P = .241), without a 
small study effect (ET = 0.053, PET = 0.928) (Figure 2).

Five studies [16, 20, 23, 26, 27] reported data on empiric ther-
apy for patients with ESBL-E coli BSI. We found no statistically 
significant difference in mortality of patients with ESBL-E coli 
BSI that were treated with empiric carbapenems (26.8%; 108 
patients and 29 of them died) versus empiric BL/BLIs (18.6%; 
161 patients and 30 of them died) (RR, 1.01; 95% CI, 0.49–2.10; 
I2  =  62.5%; P  =  .046) (ET  =  −0.37, PET  =  0.929) (Figure  3). 
Furthermore, 2 studies [22, 25] reported data on empiric ther-
apy for patients with ESBL-E cloacae BSI. Among them, the 
mortality of patients that were treated with empiric carbapen-
ems was 12.5% (32 patients and 4 of them died) and empiric 
BL/BLIs was 11.7% (17 patient and 2 of them died). We were 
not able to estimate the mortality of patients with BSI caused by 
other ESBL-PE, such as ESBL-K pneumoniae or ESBL-P mirabi-
lis, that were treated with carbapenems versus BL/BLIs, because 
such data were not reported and not extractable.

Potentially relevant
citations identified and
screened for retrieval

(N=3409)
PubMed (n=1336); Scopus

(n=2073)

Studies screened after
removal of

duplicates (N=2224)

Duplicate studies removed
(N=1185)

Studies excluded on title and abstract reading, or
written in language other than English (N=2005)

Studies added after manual search of  reference of
potentially included articles

 (n=0)

Excluded studies (n=204)

Case reports (n=5)
Reviews (n=3)

Lack extractable data on carbapenems and/or
BL/BLIs treatment (n=105)
Lack extractable data related to ESBL-PE infection
(n=85)

Lack extractable data for BSI treatment (n=3)

There were no extractable data on the outcomes
of  the patients (n=1)

Article did not report extractable data on
outcomes from treatment with carbapenems or
BL/BLIs monotherapy (n=2)

Studies retrieved in full-text
for more detailed

evaluation
(N=222) including 3 studies
added after manual search

of  references of
potentially included articles

Appropriate studies to be
included in the meta-

analysis (n=14)

Studies included in this
Meta-analysis (n=14)
(coded by 18 articles)

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram. Abbreviations: BL/BLIs, β-lactam/β-lactamase inhibitor; BSI, 
bloodstream infection; ESBL-PE, extended-spectrum β-lactamase-producing Enterobacteriaceae.
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Five studies [17–19, 21, 24] included ESBL-E coli BSI and 
ESBL-K pneumoniae BSI cases without providing distinct data 
for each pathogen. Among them, 4 studies provided data on 
empiric therapy. There was no statistically significant difference 
in mortality of patients that were treated with empiric carbapen-
ems 26% (184 patients and 48 of them died) versus empiric BL/
BLIs 28.6% (150 patients and 43 of them died) (RR, 1.02; 95% 
CI, 0.83–1.25; I2 = 52.2%; P =  .099). One study [28] included 
ESBL-E coli BSI, ESBL-K pneumoniae BSI, and ESBL-P mirabi-
lis BSI cases without providing distinct data for each pathogen. 
Among them, the mortality of patients that were treated with 
empiric carbapenems was 3.5% (28 patients and 1 of them died) 
and empiric BL/BLIs was 5.6% (33 patients and 4 of them died). 
In addition, 1 study reported combined data regarding empiric 
therapy for patients with ESBL-PE BSI, without species speci-
fication [15]. Among them, the mortality of patients that were 

treated with empiric carbapenems was 20.0% (195 patients and 
39 of them died) and empiric BL/BLIs was 17.6% (170 patients 
and 30 of them died).

As described under Methods, we divided the 13 studies that 
provided relevant data into 2 groups. In the first group (4 stud-
ies) [18, 26–28], the authors retrospectively reviewed patient 
charts and included patients with BSI, and the isolated patho-
gens were susceptible to carbapenems or BL/BLIs. Within the 
first group, we found that 145 patients were treated empirically 
with carbapenems (31 of them died; 21.3%) and 183 patients 
were treated empirically with BL/BLIs (26 of them died; 14.2%). 
In the second group (9 studies) [15–17, 20–25], the authors did 
not use the sensitivity test results to select the included patients. 
Within the second group, 402 patients were treated empirically 
with carbapenems (90 of them died; 22.3%) and 348 patients 
were treated empirically with BL/BLIs (83 of them died; 23.8%). 

Table 1.  Characteristics of Included Studiesa

Author 
(Mid-Year) Country Study Design Type of Bacteria

Mortality 
(Days)

Patients Received 
BL/BLIs as 

Definitive Therapy

Patients Received 
Carbapenems as 
Definitive Therapy

Patients Treated 
Empirically With 

BL/BLIs

Patients Treated 
Empirically With 
Carbapenems

Deceased/studied Deceased/studied Deceased/studied Deceased/studied

Gutiérrez- 
Gutiérrez 
et al (2009) 
[15]

Multicenterb Retrospective Enterobacteriaceae 30 9/92 71/509 30/170 39/195

Bin et al 
(2004) [16]

China Prospective Escherichia coli 30 0/2 0/8 0/2 0/3

Chaubey et al 
(2004) [17]

Canada Retrospective E coli or Klebsiella 
pneumoniae

NA 6/28 4/30 6/16 0/10

Cheng et al 
(2006) [18]

China (Taiwan) Retrospective E coli or K 
pneumoniae

30 NA NA 0/4 10/39

Chopra et al 
(2007) [19]

United States 
of America

Retrospective E coli or K 
pneumoniae

NA 7/18 12/33 NA NA

Gudiol et al 
(2007) [20]

Spain Prospective E coli 30 2/2 3/14 3/6 2/5

Kang et al 
(2009) [21]

Republic of 
Korea

Retrospective E coli or K 
pneumoniae

30 NA NA 8/36 21/78

Lee et al 
(2005) [22]

China (Taiwan) Retrospective Enterobacter 
cloacae

28 3/3 5/53 1/13 4/24

Metan et al 
(2005) [23]

Turkey Retrospective E coli 14 NA NA 5/7 7/22

Ng et al 
(2012) [24]

Singapore Retrospective E coli or K 
pneumoniae

30 NA NA 29/94 17/57

Qureshi et al 
(2007) [25]

United States 
of America

Retrospective E cloacae 28 NA NA 1/4 0/8

Rodŕıguez- 
Bano et al 
(2004) [26]

Spain Prospective E coli 30 5/54 20/120 7/72 6/31

To et al 
(2008) [27]

China Retrospective E coli 30 NA NA 15/74 14/47

Tumbarello 
et al (2002) 
[28]

Italy Retrospective E coli or K pneumo-
niae or Proteus 
mirabilis

21 NA NA 4/33 1/28

Abbreviations: BL/BLIs, β-lactam/β-lactamase inhibitor; BSI, bloodstream infection; ESBL, extended spectrum β-lactamase; ESBL-PE, ESBL-producing Enterobacteriaceae; NA, not applicable.
aCollected data (first author, mid year, country, study design, ESBL-PE species, number of patients with ESBL-PE BSI that received empiric and/or definitive therapy with carbapenems or 
BL/BLIs, and among them, the number of patients who died). 
bAfrican Region (South Africa), Western Pacific Region (Australia and China [Taiwan]), European region (Germany, Greece, Israel, Italy, Spain, and Turkey), in the region of the Americas 
(Argentina, Canada, and United States).
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2.17 (0.27, 17.43)

0.45 (0.21, 0.96)
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0.29 (0.03, 2.49)

1.05 (0.83, 1.33)

Events,

Treatment Control Weight
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Figure 2.  Forest plot of included studies. Relative risk (RR) of mortality among patients with extended-spectrum β-lactamase-producing Enterobacteriaceae bloodstream 
infections that were treated with empiric carbapenems versus empiric β-lactam/β-lactamase inhibitors. Abbreviation: CI, confidence interval.

Study

Gudiol et al (2007)

Metan et al (2005)

Rodriguez-Bano et al (2004)

To et al (2008)

Overall (I-squared = 62.5%, p = 0.046)

.184 5.441

ID RR (95% CI)

17.18

28.22

0.80 (0.21, 3.05)

0.45 (0.21, 0.96)

23.061.99 (0.73, 5.44)

31.541.47 (0.78, 2.76)

100.001.01 (0.49, 2.10)

Weight

%

NOTE: Weights are from random e�ects analysis

Figure 3.  Forest plot of included studies. Relative risk (RR) of mortality of patients with extended-spectrum β-lactamase Escherichia coli bloodstream infections that were 
treated with empiric carbapenems versus empiric β-lactam/β-lactamase inhibitors. Abbreviation: CI, confidence interval.
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In both the first and second group, there was no statistically 
significant difference in mortality among patients that were 
treated empirically with carbapenems compared with BL/BLIs: 
first group (RR, 1.416; 95% CI, 0.859–2.336); and second group 
(RR, 0.959; 95% CI, 0.734–1.252).

Seven studies [15–17, 19, 20, 22, 26] also reported data on 
definitive therapy for patients with ESBL-PE BSI. In total, 
767 patients (79.3%) received carbapenems and 199 patients 
(20.6%) received BL/BLIs as definitive therapy. Among them, 
115 patients (15.2%) in the carbapenems group and 32 patients 
(16.2%) in the BL/BLIs group died. There was no statistically 
significant difference in the mortality of patients that were 
treated with carbapenems compared with BL/BLIs as defini-
tive therapy (RR, 0.62; 95% CI, 0.25–1.52; I2 = 84.6%; P < .001), 
without small study effect (ET = −3.13, PET = 0.367) (Figure 4).

In addition, in 3 studies [16, 20, 26] that reported data on 
definitive therapy for patients with ESBL-E coli BSI, the mor-
tality of patients that were treated with carbapenems was 15.1% 
(142 patients and 23 of them died), whereas among those that 
received BL/BLIs the mortality was 12.0% (58 patients and 7 of 
them died). Moreover, 1 study [22] reported data on definitive 
therapy for patients with ESBL-E cloacae BSI, and the mortality 
of patients that were treated with carbapenems was 9.4% (53 
patients and 5 of them died), whereas among those that received 
BL/BLIs it was 100% (3 patients and all 3 died). In addition, 
2 studies [17, 19] reported combined data on definitive ther-
apy for patients with ESBL-E coli BSI and ESBL-K pneumoniae 

BSI without providing distinct data for each pathogen, and 
the mortality of patients that were treated with carbapenems 
was 25.3% (63 patients and 16 of them died), whereas among 
those that received BL/BLIs it was 28.2% (46 patients and 13 
of them died). Finally, in 1 study that reported combined data 
on ESBL-PE BSI, without species specification, the mortality of 
patients that were treated with definitive therapy with carbap-
enems was 13.9% (509 patients and 71 of them died), whereas 
among those that received BL/BLIs as definitive therapy it was 
9.7% (92 patients and 9 of them died) [15].

DISCUSSION

Infections caused by ESBL-PE are associated with high mor-
tality, and carbapenems are the treatment of choice for these 
infections [6, 8]. However, use of carbapenems increases the 
risk for carbapenem-resistant Enterobacteriaceae development 
and is related to adverse effects [8]. In this systematic review 
and meta-analysis, we found no statistically significant differ-
ence in the mortality of patients with ESBL-PE BSI that were 
treated empirically with BL/BLIs compared with those treated 
empirically with carbapenems. Therefore, initial/empiric BL/
BLIs may constitute reasonable alternatives to initial/empiric 
carbapenems for the management of likely ESBL-PE BSI. 
However, as speculated previously, but has yet to be proven, this 
conclusion might be more applicable and reasonable probably 
in not critically ill patients. This is because the included studies 
are retrospective and nonrandomized, and the treating medical 
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Chaubey et al (2004)

Cheng et al (2006)
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3/14 2/2 15.77

5/53 3/3 16.85

20/120 5/54 16.54

115/759 32/197 100.00

1.43 (0.74, 2.75)

0.62 (0.20, 1.98)
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Figure 4.  Forest plot of included studies. Relative risk (RR) of mortality among patients with extended-spectrum β-lactamase-producing Enterobacteriaceae bloodstream 
infections that were treated with definitive therapy with carbapenems versus definitive therapy with β-lactam/β-lactamase inhibitors. Abbreviation: CI, confidence interval.
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team had the freedom to choose and decide whether to use BL/
BLIs or carbapenems for each patient, and it is possible that the 
patients with more severe illness were treated with carbapenems 
rather than BL/BLIs. Therefore, the favorable effect of BL/BLIs 
on outcomes of patients with ESBL-PE BSI might be because 
the patients that were treated with BL/BLIs were less severely ill.

In our analysis, the mortality of patients with ESBL-E coli 
BSI that were treated with empiric BL/BLIs (18.6 %) was lower 
compared with the mortality of patients with ESBL-E coli BSI 
that were treated with empiric carbapenems (26.8%); however, 
the difference in mortality did not reach statistical significance. 
These findings are in alignment with previous reports that pro-
pose considering BL/BLIs as treatment for ESBL-E coli BSI [5]. 
For example, in one multicenter study, piperacillin-tazobactam 
showed favorable effect on mortality of patients with ESBL-E coli 
BSI compared with carbapenems [5, 29]. Most notably, in our 
study, the mortality was also lower among patients with ESBL-E 
coli BSI that were treated with definitive therapy of BL/BLIs. 
However, as stated above, in all studies, it is unclear whether 
the carbapenems were primarily administered to patients with 
more comorbidities or a more severe clinical picture.

Furthermore, 5 studies included ESBL-E coli BSI and ESBL-K 
pneumoniae BSI cases without providing distinct data for each 
pathogen. Among them, 4 studies provided data on empiric 
therapy. Although statistically not significant, we found that the 
mortality of patients that were treated with empiric BL/BLIs was 
higher compared with the mortality of patients that were treated 
with empiric carbapenems. These results might be attributed to 
the outcomes of patients with ESBL-K pneumoniae BSI, rather 
than outcomes of patients with ESBL-E coli BSI. This specula-
tion is based on our aforementioned data that showed a lower 
mortality in patients with ESBL-E coli BSI that were treated with 
empiric BL/BLIs. In addition, such a result has been reported 
previously, and in at least 1 study, the BL/BLIs were found to be 
inferior compared with cabapenems as treatment for patients 
with ESBL-K pneumoniae BSI [30]. Therefore, for patients at 
risk for BSI due to ESBL-K pneumoniae (or ESBL-E cloacae 
[22]) and for those with a recent urinary tract infection or other 
infection by these pathogens, clinicians might consider empiric 
carbapenems treatment.

It is noteworthy to mention that the majority of the included 
studies did not specify the outcomes among immunocompro-
mised patients, and we were not able to extract such data that 
can be used to construct a useful conclusion. It also must be 
noted that a high ESBL-PE inoculum may impact negatively 
on the antimicrobial efficacy of piperacillin-tazobactam. This 
phenomenon is known as inoculum effect [9, 31–33]. Among 
patients with BSIs, it can be speculated that the higher bac-
terial inoculum volume is encountered in immunocompro-
mised patients [34]. Therefore, empiric BL/BLIs might not be a 
proper antibiotic for immunocompromised patients with likely 
ESBL-PE BSI.

Regarding study limitations, our findings are based mainly 
on retrospective and nonrandomized studies. Moreover, we 
were unable to perform further stratification of outcomes based 
on patient comorbidities due to lack of sufficient data. Finally, 
distinct outcomes of BSI caused by pathogens such as ESBL-K 
pneumoniae and ESBL-P mirabilis were either very limited or 
not reported [15, 35–37]. In this context, we anticipate that the 
MERINO, randomized, controlled trial that compares merope-
nem versus piperacillin-tazobactam for definitive treatment of 
BSIs due to ESBL-producing E coli and Klebsiella spp [38] will 
provide useful information.

CONCLUSIONS

In conclusion, we found no statistically significant difference in 
mortality of adults with ESBL-PE BSI that were treated empiri-
cally with carbapenems compared with those that were treated 
with BL/BLIs. These data do not support the wide use of empiric 
carbapenems, and BL/BLIs seem to be effective for the manage-
ment of patients with likely ESBL-PE BSI, and especially ESBL-E 
coli BSI, while waiting for susceptibility results. However, the effi-
cacy BL/BLIs may vary based on the specific pathogen, and the 
future studies should account for severity of illness, immune sup-
pression, and include adequate number of patients with BSI due to 
ESBL pathogens other than E coli, and especially K pneumoniae.
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