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Background.  Complicated intra-abdominal infections (cIAIs) remain a leading cause of death in surgical wards, in which anti-
biotic treatment is crucial. We aimed to compare the efficacy and safety of novel β-lactam/β-lactamase inhibitors (BL/BLIs) in com-
bination with metronidazole and carbapenems in the treatment of cIAIs.

Methods.  A comprehensive search of randomized controlled trials (RCTs) was performed using Medline, Embase, and Cochrane 
Library, which compared the efficacy and safety of novel BL/BLIs and carbapenems for the treatment of cIAIs.

Results.  Six RCTs consisting of 2254 patients were included. The meta-analysis showed that novel BL/BLIs in combination 
with metronidazole had a lower clinical success rate (risk difference [RD], –0.05; 95% CI, –0.07 to –0.02; I2 = 0%) and a lower 
microbiological success rate (RD, –0.04; 95% CI, –0.08 to –0.00; I2 = 0%). No difference was found between the 2 groups in 
incidence of adverse events (RD, 0.02; 95% CI, –0.01 to 0.06; I2 = 0%), serious adverse events (SAEs; RD, 0.01; 95% CI, –0.02 
to 0.03; I2 = 0%), or mortality (RD, 0.01; 95% CI, –0.00 to 0.02). However, ceftazidime/avibactam had a higher risk of vomiting 
(RD, 0.03; 95% CI, 0.01 to 0.05; I2 = 47%), and the ceftolozane/tazobactam subgroup showed a higher incidence of SAEs (RD, 
0.12; 95% CI, 0.01 to 0.03).

Conclusions.  The efficacy of novel BL/BLIs in combination with metronidazole was not as high as that of carbapenems. Although 
no significant differences were found with respect to overall adverse events, SAEs, or mortality, the novel BL/BLIs has a higher risk 
of vomiting. We still need to be cautious about the clinical application of a new anti-infective combination.

Trial registration.  PROSPERO ID: 42020166061.
Keywords.  β-lactam/β-lactamase inhibitors; carbapenems; complicated intra-abdominal infections; meta-analysis.

Complicated intra-abdominal infections (cIAIs) remain the 
most common surgical infections, and this is the second most 
common site of invasive infections in critically ill patients [1], 
with an estimated overall mortality ranging from 10% to 35% 
[2]. They require both source control and anti-infective therapy 
[3, 4]. Enterobacteriaceae, Streptococcus species, and anaerobes 
are the most common microorganisms observed in community-
acquired cIAIs (CA-cIAIs) [5], whereas other difficult-to-treat 
microorganisms, such as P. aeruginosa, can play a crucial role in 
health care–acquired cIAIs (HA-cIAIs) [6]. Empiric antibiotic 
therapy is important, especially in critically ill patients [7].

In principle, high-risk cIAI patients require broad-spectrum 
antibiotics covering resistant organisms, including gram-negative 

organisms, and anaerobes tailored to the institution-specific 
antibiogram [8]. Carbapenems have been increasingly used as 
a treatment option. However, the highly adaptive gram-nega-
tive pathogens can produce various β-lactamase enzymes that 
render them resistant to the antibiotic’s mechanism of action 
[9], promoting medical practitioners to continuously explore 
and validate new alternative antibiotics for empiric therapy. 
Among the newer BL/BLIs recently approved for the manage-
ment of cIAIs, imipenem/cilastatin/relebactam is approved for 
the treatment of cIAIs in monotherapy [10]. Only ceftolozone/
tazobactam and ceftazidime/avibactam have been approved for 
treatment of cIAIs in combination with metronidazole. Thus, 
we conducted a meta-analysis of randomized controlled trials 
(RCTs) to clarify whether the use of BL/BLIs in combination 
with metronidazole was associated with improved outcomes 
compared with carbapenem for the treatment of cIAIs.

METHODS

Data Sources

Studies were identified by a systematic review of the liter-
ature in the PubMed, Embase, and Cochrane databases 
through February 2020 using the following search terms: 

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

mailto:caicai_hh@126.com?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0001-6687-9984


2  •  ofid  •  Che et al

“ceftazidime” OR “avibactam” OR “ceftazidime/avibactam” 
OR “ceftolozane” OR “tazobactam” OR “ceftolozane/
tazobactam” AND “complicated intra-abdominal infec-
tion” OR “cIAIs” AND “randomized controlled trials” OR 
“randomized.” To identify relevant unpublished studies, we 
searched ClinicalTrials.gov with the same search terms. In 
addition, references of all relevant articles that commented 
on novel BL/BLIs were also searched for eligible trials. 
Articles of all languages were included.

Selection Criteria

RCTs were considered eligible for inclusion if they directly com-
pared the clinical efficacy and safety of novel BL/BLIs plus met-
ronidazole with carbapenems in the treatment of cIAIs.

Studies were excluded if they focused on in vitro activity, 
were animal studies, or focused on pharmacokinetic/pharma-
codynamic assessment. Moreover, studies that compared BL/
BLI monotherapy with carbapenems were also excluded.

Qualitative Assessment

The Cochrane Collaboration Risk of Bias tool used to assess the 
methodological quality of included RCTs consisted of 7 mod-
ules as follows: sequence generation (selection bias), allocation 
sequence concealment (selection bias), blinding of participants 
and personnel (performance bias), blinding of outcome assess-
ment (detection bias), incomplete outcome data (attrition bias), 
selective outcome reporting (reporting bias), and other poten-
tial sources of bias. The risk of bias was assessed by separately 
classifying each item as low, unclear, or high risk [11].

Data Extraction

Data search and extraction were performed by 2 investigators 
independently to ensure the reliability of data. Any controver-
sial issue was resolved through discussion or seeking advice 
from supervisors. All data were recorded in a predesigned table. 
The following data were extracted and recorded: name and 
publication date; study design; interventions and population 
(microbiologically modified intention-to-treat [mMITT] pop-
ulation, clinically evaluable [CE] population, microbiologically 
evaluable [ME] population, and safety population); and base-
line characteristics of patients.

Analyzed Outcomes

Efficacy outcomes included clinical cure rates, defined as res-
olution or improvement in signs and symptoms of the index 
infection, as well as microbiological cure rates or per-pathogen 
microbiological cure rates, defined as eradication of the baseline 
pathogen (if no postbaseline specimen was available for culture, 
microbiological outcome was based on clinical assessment). 
Safety outcomes included adverse events (AEs) and serious ad-
verse events (SAEs), defined as events that resulted in death, 
were life-threatening, required hospitalization or prolonged 

hospitalization, or resulted in persistent or significant disability 
or incapacity.

Data Analysis and Statistical Methods

Statistical analysis was carried out using Review Manager 5.3. 
The degree of heterogeneity was evaluated with Q statistics gen-
erated from the χ 2 test, and I2 was used to assess the proportion 
of statistical heterogeneity. Heterogeneity was defined as sig-
nificant when P < .10 or I2 > 50%. The fixed-effects model was 
used when the data were homogenous, and the random-effects 
model was used when the data were heterogeneous. The pooled 
risk difference (RD) and 95% confidence interval were calcu-
lated for outcome analysis.

RESULTS

Study Selection and Characteristics

The search program yielded 71 references. After 18 nonclinical 
trials were excluded, the remaining 53 abstracts were screened. 
Among them, we retrieved 9 articles for full-text review. Finally, 
6 studies fulfilling the inclusion criteria were included in this 
meta-analysis. Figure 1 illustrates the flow diagram consisting 
of the detailed screening and selection process for the trials in-
cluded in our analysis.

Table  1 summarizes the basic characteristics of included 
trials. Six RCTs [12–17] included patients with cIAIs, and novel 
BL/BLIs were compared with meropenem in all patients, among 
which 4 studies focused on ceftazidime/avibactam plus metro-
nidazole and 2 studies focused on ceftolozane/tazobactam. The 
subjects included in almost all articles [13–17] were hospital-
ized adults, except for 1 article [12], which included infants and 
children (≥3  months to <18  years) who required hospitaliza-
tion and intravenous (IV) antibacterial therapy for cIAIs. There 
were 2 phase II studies [12, 16, 17] and 3 phase III studies [13–
15]. Among the 4 studies focusing on ceftazidime/avibactam, 
2000 mg of ceftazidime and 500 mg of avibactam were given 
via IV infusion, followed by IV infusion of 500 mg metronida-
zole every 8 hours for adults, while the dosage for children was 
adjusted according to weight and age. As for the other 2 studies 
focusing on ceftolozane/tazobactam, 1500  mg of ceftolozane/
tazobactam (1000 mg of ceftolozane and 500 mg of tazobactam) 
and metronidazole (500 mg every 8 hours) were used. Dose ad-
justment of the study drug was necessary in all studies on the 
basis of creatinine clearance.

The Cochrane Risk of Bias assessment tool was used to assess 
the quality of our study. Figure 2 summarizes the risk of bias. 
Except for 1 article, the other 5 articles all had very low risk for 
sequence generation. Two articles did not make it clear whether 
the allocation concealment was conducted, 1 article, in which 
the random code assignment was performed by the unblinded 
pharmacist/designee, did not conduct allocation conceal-
ment, and the other 3 articles had very low risk for allocation 
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concealment. There was only 1 article with a single-blinded 
design, which had a high risk for performance bias, while the 
others only had low risk. All studies had low risk for detection 
and attrition bias and high risk for reporting bias.

Clinical Response

Six studies consisting of 2254 subjects all reported clinical suc-
cess in the mMITT population. Overall, the treatment regimen 
of BL/BLIs in combination with metronidazole had a lower 
clinical success rate compared with meropenem (RD, –0.05; 
95% CI, –0.07 to –0.02; I2 = 0%) (Figure 3A). Subgroup analysis 
also showed the same trend: 4 RCTs including 1362 patients in 
the ceftazidime/avibactam subgroup (RD, –0.04; 95% CI, –0.08 
to –0.00; I2 = 0%) (Figure 3A) and 2 RCTs consisting of 892 pa-
tients in the ceftolozane/tazobactam subgroup (RD, –0.05; 95% 
CI, –0.10 to –0.00; I2 = 35%) (Figure 3A).

Microbiological Response

In most patients, microbiological outcomes were presumed 
based on clinical outcomes, because intra-abdominal cultures 
require an invasive procedure and were therefore only obtained 
if clinically indicated.

Overall Microbiological Response
Four studies consisting of 1127 patients reported the overall 
incidence of favorable microbiological response, and pooled 
analysis showed that BL/BLIs combined with metronidazole 
had a lower overall microbiological response rate (RD, –0.04; 
95% CI, –0.08 to –0.00; I2 = 0%) (Figure 3B). This inferiority 
mainly came from the ceftazidime/avibactam subgroup (RD, 

–0.04; 95% CI, –0.08 to –0.00; I2 = 0%) (Figure 3B), including 
4 articles consisting of 1050 patients. One study consisting of 
77 patients in the ceftolozane/tazobactam subgroup showed no 
difference between BL/BLIs and meropenem (RD, –0.05; 95% 
CI, –0.16 to 0.06) (Figure 3B).

Pathogen-Based Response
E. coli was the most common pathogen isolated from blood or 
the site of cIAIs; other common pathogens included Klebsiella 
pneumoniae, Psudomonas aeruginosa, anaerobe, Bacteroides 
fragilis, and Enterococcus faecium.

The microbiological response rate of E. coli was reported in 
6 studies consisting of 1356 patients. In general, there was no 
significant difference between the control group and the ex-
perimental group (RD, –0.03; 95% CI, –0.06 to 0.00; I2 = 2%) 
(Figure 3C). Moreover, ceftolozane/tazobactam subgroup anal-
ysis showed the same trend (2 RCTs, 496 patients; RD, 0.01; 95% 
CI, –0.04 to 0.05; I2 = 0%) (Figure 3C). However, ceftazidime/
avibactam subgroup analysis showed that ceftazidime/
avibactam in combination with metronidazole had a relatively 
poor microbiological response to E. coli (4 RCTs, 860 patients; 
RD, –0.05; 95% CI, –0.10 to –0.01; I2 = 0%) (Figure 3C).

For Klebsiella pneumoniae, the antibacterial ability of the 
ceftolozane/tazobactam subgroup was relatively insufficient 
(Supplementary Figure 1), while neither the overall results 
nor the results of the ceftazidime/avibactam subgroup showed 
any difference in microbiological response rates between the 
2 groups (Supplementary Figure 1). Similarly, the results of 
other strains, including Psudomonas aeruginosa, anaerobe, 
Bacteroides fragilis, and Enterococcus faecium, showed that 

Records identified through
database searching

n = 71

Articles excluded due to
nonclinical trials n = 18

Articles excluded due to
BL/BLI monotherapy n = 4

Non-cIAIs n = 7
In vitro activity n = 23
Noncarbapenems n = 4

Other relevant research n =6

Articles excluded due to
secondary analysis of  published data n = 3

Records after first screening
n = 53

Records after secondary
screening
n = 9

Studies included for first
analysis
n = 6

Figure 1.  Flow diagram and references of included studies.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa591#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa591#supplementary-data


4  •  ofid  •  Che et al

Ta
bl

e 
1.

 
B

as
ic

 C
ha

ra
ct

er
is

tic
s 

of
 In

cl
ud

ed
 R

CT
s

A
ut

ho
r 

Ye
ar

S
tu

dy
 D

es
ig

n

S
am

pl
e

G
en

de
r

A
ge

O
rg

an
is

m

B
l/B

lis
 R

eg
im

e
β

c
β

c
β

c
β

c

B
ra

dl
ey

, J
. 

S.
 2

01
9

P
ha

se
 2

, s
in

gl
e-

bl
in

d,
 r

an
-

do
m

iz
ed

, m
ul

tic
en

te
r, 

ac
tiv

e-
co

nt
ro

lle
d 

st
ud

y 
(N

C
T0

24
75

73
3)

m
M

IT
T 

(n
 =

 5
0)

m
M

IT
T 

(n
 =

 1
9)

 
C

E
 (n

 =
 2

0)
M

al
e 

44
 

M
al

e 
9 

A
ge

, m
ea

n 
(r

an
ge

) 1
0.

4 
(3

–1
7)

A
ge

, m
ea

n 
(r

an
ge

) 1
0.

1 
(5

–1
6)

E
nt

er
ob

ac
te

ria
ce

ae
 4

2 
(8

4.
0)

 E
. 

co
li 

42
 (8

4.
0)

 K
. p

ne
um

on
ia

e 
2G

-  p
at

ho
ge

ns
 o

th
er

 t
ha

n 
E

nt
er

ob
ac

te
ria

ce
ae

 1
6 

Ps
eu

-
do

m
on

as
 a

er
ug

in
os

a 
14

 
pa

th
og

en
s 

26
 S

tr
ep

to
co

cc
us

 
an

gi
no

su
s 

gr
ou

p 
23

 E
nt

er
o-

co
cc

us
 a

vi
um

 4
 E

nt
er

oc
oc

cu
s 

fa
ec

iu
m

 2
 A

na
er

ob
es

 2
4 

En
te

ro
-

co
cc

us
 fa

ec
iu

m
 1

4 
En

te
ro

co
cc

us
 

fa
ec

iu
m

 g
ro

up
 2

 E
nt

er
oc

oc
cu

s 
av

iu
m

3 
B

ac
te

ro
id

es
 o

va
tu

s 
2 

B
ac

te
ro

id
es

 th
et

ai
ot

ao
m

ic
ro

n 
3 

B
ac

te
ro

id
es

 v
ul

ga
tu

s 
2 

C
lo

s-
tr

id
iu

m
 p

er
fr

in
ge

ns
 0

 C
lo

st
rid

iu
m

 
ra

m
os

um
 2

 E
gg

er
th

el
la

 le
nt

a 
2 

Pa
ra

ba
ct

er
oi

de
s 

di
st

as
on

is
 2

 
Pa

rv
im

on
as

 m
ic

ra
 4

 P
re

vo
te

lla
 

bu
cc

ae
 2

 

E
nt

er
ob

ac
te

ria
ce

ae
 1

4 
E.

 c
ol

i 1
3 

K.
 

pn
eu

m
on

ia
e 

1 
G

-  p
at

ho
ge

ns
 o

th
er

 
th

an
 E

nt
er

ob
ac

te
ria

ce
ae

 1
0 

Ps
eu

-
do

m
on

as
 a

er
ug

in
os

a 
9 

G
+
 p

at
ho

ge
ns

 
11

 S
tr

ep
to

co
cc

us
 a

ng
in

os
us

 g
ro

up
 

10
 E

nt
er

oc
oc

cu
s 

av
iu

m
 1

 E
nt

er
o-

co
cc

us
 fa

ec
iu

m
 A

na
er

ob
es

 1
2 

En
-

te
ro

co
cc

us
 fa

ec
iu

m
 7

 E
nt

er
oc

oc
cu

s 
fa

ec
iu

m
 g

ro
up

 2
 E

nt
er

oc
oc

cu
s 

av
iu

m
 

0 
B

ac
te

ro
id

es
 o

va
tu

s 
0 

B
ac

te
ro

id
es

 
th

et
ai

ot
ao

m
ic

ro
n 

3 
B

ac
te

ro
id

es
 

vu
lg

at
us

 0
 C

lo
st

rid
iu

m
 p

er
fr

in
ge

ns
 2

 
C

lo
st

rid
iu

m
 ra

m
os

um
 0

 E
gg

er
th

el
la

 
le

nt
a 

0 
Pa

ra
ba

ct
er

oi
de

s 
di

st
as

on
is

 
0 

Pa
rv

im
on

as
 m

ic
ra

 5
 P

re
vo

te
lla

 
bu

cc
ae

 0

C
FT

/T
A

Z 
i.v

. o
ve

r 
2 

h 
th

en
 M

N
Z 

i.v
. o

ve
r 

20
–3

0 
m

in
C

E
 (n

 =
 5

6)
 

M
E

 (n
 =

 4
0)

 
S

af
et

y 
po

pu
la

tio
n 

(n
 =

 6
1)

M
E

 (n
 =

 1
5)

 
S

af
et

y 
po

pu
la

tio
n 

(n
 =

 2
2)

Q
in

, X
. 

20
17

R
E

C
LA

IM
 3

 w
as

 a
 p

ha
se

 3
, 

m
ul

tic
en

te
r, 

ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 d
ou

bl
e-

du
m

m
y 

co
m

pa
ra

tiv
e 

st
ud

y 
(N

C
T0

17
26

02
3)

 

m
M

IT
T 

(n
 =

 1
43

) C
E

 
(n

 =
 1

77
) M

E
 

(n
 =

 9
9)

 

m
M

IT
T 

(n
 =

 1
52

) C
E

 
(n

 =
 1

84
) M

E
 

(n
 =

 1
13

) 

M
al

e 
14

1 
M

al
e 

15
3 

A
ge

, m
ea

n 
(S

D
) 4

8.
5 

(1
6.

8)
 

A
ge

, m
ea

n 
(S

D
) 4

8.
5 

(1
7.

4)

Th
e 

m
M

IT
T 

po
pu

la
tio

n 
co

m
pr

is
ed

 2
95

 s
ub

je
ct

s,
 o

f 
w

ho
m

 2
39

 (8
1.

0%
) h

ad
 1

 
or

 m
or

e 
E

nt
er

ob
ac

te
ria

ce
ae

 is
ol

at
es

 id
en

tifi
ed

 f
ro

m
 t

he
 b

lo
od

 a
nd

/o
r 

in
tr

a-
ab

do
m

in
al

 s
ite

. T
he

 m
os

t 
fr

eq
ue

nt
ly

 r
ep

or
te

d 
E

nt
er

ob
ac

te
ria

ce
ae

 w
er

e 
E.

 c
ol

i (
17

3 
su

bj
ec

ts
; 5

8.
6%

) a
nd

 K
. p

ne
um

on
ia

e 
(6

3 
su

bj
ec

ts
; 2

1.
4%

). 
O

f 
th

e 
47

 s
ub

je
ct

s 
(1

5.
9%

) w
ith

 n
on

-E
nt

er
ob

ac
te

ria
ce

ae
 G

-  p
at

ho
ge

ns
, P

. 
ae

ru
gi

no
sa

 w
as

 t
he

 m
os

t 
fr

eq
ue

nt
ly

 r
ep

or
te

d 
(3

7 
su

bj
ec

ts
; 1

2.
5%

)

C
A

Z/
A

V
I 2

00
0/

50
0 

m
g 

as
 a

 2
-h

 i.
v.

 
fo

llo
w

ed
 b

y 
M

N
Z 

50
0 

m
g 

as
 a

 
60

-m
in

 i.
v.

 e
ve

ry
 

8 
h

M
az

us
ki

, 
J.

 E
. 

20
16

D
at

a 
fr

om
 2

 id
en

tic
al

, p
ro

sp
ec

-
tiv

e,
 r

an
do

m
iz

ed
, m

ul
tic

en
te

r, 
do

ub
le

-d
um

m
y,

 d
ou

bl
e-

bl
in

d,
 

co
m

pa
ra

tiv
e 

gl
ob

al
 s

tu
di

es
 

(N
C

T0
14

99
29

0 
[R

E
C

LA
IM

 1
] 

an
d 

N
C

T0
15

00
23

9 
[R

E
C

LA
IM

 
2]

) w
er

e 
co

m
bi

ne
d 

in
to

 a
 

si
ng

le
 in

fe
re

nt
ia

l d
at

ab
as

e 
w

ith
 p

re
sp

ec
ifi

ed
 a

gr
ee

m
en

t 
fr

om
 t

he
 U

S
 F

D
A

 a
nd

 t
he

 E
u-

ro
pe

an
 M

ed
ic

in
es

 A
ge

nc
y

m
M

IT
T 

(n
 =

 4
13

) C
E

 
(n

 =
 

m
M

IT
T 

(n
 =

 4
10

) 
M

al
e 

32
6 

M
al

e 
33

2 
A

ge
, m

ea
n 

(S
D

) 4
9.

8 
(1

7.
5)

A
ge

, m
ea

n 
(S

D
) 5

0.
3 

(1
8.

3)

E
nt

er
ob

ac
te

ria
ce

ae
 3

23
 E

.c
ol

i 
26

0 
K.

 p
ne

um
on

ia
e 

47
 N

on
-

E
nt

er
ob

ac
te

ria
ce

ae
 3

9 
Ps

eu
-

do
m

on
as

 a
er

ug
in

os
a 

32

E
nt

er
ob

ac
te

ria
ce

ae
34

2 
E.

 c
ol

i 
27

6 
K.

 p
ne

um
on

ia
e 

48
 N

on
-

E
nt

er
ob

ac
te

ria
ce

ae
 4

7 
Ps

eu
do

m
on

as
 

ae
ru

gi
no

sa
 3

6

C
A

Z/
A

V
I (

20
00

 m
g 

of
 C

A
Z 

an
d 

50
0 

m
g 

of
 A

V
I a

s 
a 

2-
ho

ur
 i.

v.
 e

ve
ry

 
8 

h)
, f

ol
lo

w
ed

 b
y 

M
N

Z 
(5

00
 m

g 
as

 
a 

60
-m

in
 i.

v.
 e

ve
ry

 
8 

h)

41
0)

 S
af

et
y 

po
pu

la
tio

n 
(n

 =
 5

29
)

C
E

 (n
 =

 4
16

) 
S

af
et

y 
po

pu
la

tio
n 

(n
 =

 5
29

)



BL/BLIs Plus Metronidazole for cIAIs  •  ofid  •  5

A
ut

ho
r 

Ye
ar

S
tu

dy
 D

es
ig

n

S
am

pl
e

G
en

de
r

A
ge

O
rg

an
is

m

B
l/B

lis
 R

eg
im

e
β

c
β

c
β

c
β

c

Lu
ca

st
i, 

C
. 

20
13

P
ha

se
 II

, p
ro

sp
ec

tiv
e,

 r
an

do
m

-
iz

ed
, d

ou
bl

e-
bl

in
d,

 a
ct

iv
e-

co
nt

ro
lle

d 
tr

ia
l (

C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

tifi
er

: N
C

T0
07

52
21

9)

m
M

IT
T 

(n
 =

 8
5)

 
C

E
 (n

 =
 8

7)
 

M
E

 (n
 =

 6
8)

m
M

IT
T 

(n
 =

 8
9)

 
C

E
 (n

 =
 9

0)
 

M
E

 (n
 =

 7
6)

M
al

e 
70

M
al

e 
81

 
A

ge
, m
ea

n 
+

 S
D

A
ge

, m
ea

n 
+

 S
D

G
-  a

er
ob

ic
 p

at
ho

ge
ns

 (1
53

 p
at

ho
-

ge
ns

 w
ith

 s
us

ce
pt

ib
ili

ty
 t

es
tin

g 
is

ol
at

ed
 f

ro
m

 1
27

 p
at

ie
nt

s)
 1

47
 6

 
E.

 c
ol

i (
10

5 
is

ol
at

es
) 1

05
 (1

00
%

) 
0 

K.
 p

ne
um

on
ia

e 
(1

7 
is

ol
at

es
) 1

4 
(8

2.
4%

) 3
 (1

7.
6)

 P
se

ud
om

on
as

 
ae

ru
gi

no
sa

 (1
0 

is
ol

at
es

) 8
 (8

0%
) 

2 
(2

0%
) E

nt
er

ob
ac

te
r c

lo
ac

ae
 (5

 
is

ol
at

es
) 5

 (1
00

%
) 0

 K
le

bs
ie

lla
 

ox
yt

oc
a 

(4
 is

ol
at

es
) 4

 (1
00

%
) 0

 
A

ci
ne

to
ba

ct
er

 b
au

m
an

ni
i (

2 
is

o-
la

te
s)

 1
 (5

0%
) 1

 (5
0%

) P
ro

te
us

 
m

ira
bi

lis
 (2

 is
ol

at
es

) 2
 (1

00
%

) 
0 

Ps
eu

do
m

on
as

 fl
uo

re
sc

en
s 

(2
 is

ol
at

es
) 2

 (1
00

%
) 0

ot
he

r 
(6

 
is

ol
at

es
) 6

 (1
00

%
) 0

 G
+
 p

at
ho

-
ge

ns
 (2

2 
pa

th
og

en
s 

w
ith

 s
us

-
ce

pt
ib

ili
ty

 t
es

tin
g 

is
ol

at
ed

 f
ro

m
 

19
 p

at
ie

nt
s)

 1
3 

9 
St

ap
hy

lo
co

cc
us

 
au

re
us

 (1
1 

is
ol

at
es

) 5
 (4

5.
5%

) 
6 

(5
4.

5%
) S

tr
ep

to
co

cc
us

 
ag

al
ac

tia
e 

(2
 is

ol
at

es
) 2

 (1
00

%
) 

0 
St

re
pt

oc
oc

cu
s 

co
ns

te
lla

tu
s 

(1
 is

ol
at

e)
 0

 1
 (1

00
%

) S
tr

ep
to

-
co

cc
us

 in
te

rm
ed

iu
s 

(2
 is

ol
at

es
) 

1 
(5

0)
 1

 (5
0)

 S
tr

ep
to

co
cc

us
 

sa
liv

ar
iu

s 
(1

 is
ol

at
e)

 0
 1

 (1
00

) 
ot

he
r 

(5
 is

ol
at

es
) 5

 (1
00

) 0

G
-  a

er
ob

ic
 p

at
ho

ge
ns

 (1
53

 p
at

ho
ge

ns
 

w
ith

 s
us

ce
pt

ib
ili

ty
 t

es
tin

g 
is

ol
at

ed
 

fr
om

 1
27

 p
at

ie
nt

s)
 1

47
 6

 E
. c

ol
i 

(1
05

 is
ol

at
es

) 1
05

 (1
00

%
) 0

 0
 K

. 
pn

eu
m

on
ia

e 
(1

7 
is

ol
at

es
) 1

7 
(1

00
%

) 0
 

0 
Ps

eu
do

m
on

as
 a

er
ug

in
os

a 
(1

0 
is

o-
la

te
s)

 9
 (9

0%
) 0

 1
 (1

0%
) E

nt
er

ob
ac

te
r 

cl
oa

ca
e 

(5
 is

ol
at

es
) 5

 (1
00

%
) 0

 0
 K

le
b-

si
el

la
 o

xy
to

ca
 (4

 is
ol

at
es

) 4
 (1

00
%

) 0
 

0 
A

ci
ne

to
ba

ct
er

 b
au

m
an

ni
i (

2 
is

ol
at

es
) 

1 
(5

0%
) 0

 1
(5

0%
) P

ro
te

us
 m

ira
bi

lis
 

(2
 is

ol
at

es
) 2

 (1
00

%
) 0

 0
 P

se
ud

om
-

on
as

 fl
uo

re
sc

en
s 

(2
 is

ol
at

es
) 2

 (1
00

%
) 

0 
0 

ot
he

r 
(6

 is
ol

at
es

) 6
 (1

00
%

) 0
 0

 
G

+
 p

at
ho

ge
ns

 (2
2 

pa
th

og
en

s 
w

ith
 

su
sc

ep
tib

ili
ty

 t
es

tin
g 

is
ol

at
ed

 f
ro

m
 

19
 p

at
ie

nt
s)

 1
9 

0 
3 

St
ap

hy
lo

co
cc

us
 

au
re

us
 (1

1 
is

ol
at

es
) 8

 (7
2.

7%
) 0

 3
 

(2
7.

3%
) S

tr
ep

to
co

cc
us

 a
ga

la
ct

ia
e 

(2
 

is
ol

at
es

) 2
 (1

00
%

) 0
 0

 S
tr

ep
to

co
cc

us
 

co
ns

te
lla

tu
s 

(1
 is

ol
at

e)
 1

 (1
00

%
) 0

 0
 

St
re

pt
oc

oc
cu

s 
in

te
rm

ed
iu

s 
(2

 is
ol

at
es

) 
2 

(1
00

%
) 0

 0
 S

tr
ep

to
co

cc
us

 s
al

iv
ar

iu
s 

(1
 is

ol
at

e)
 1

 (1
00

%
) 0

 0
 o

th
er

 (5
 is

o-
la

te
s)

 5
 (1

00
%

) 0
 0

20
00

 m
g 

of
 C

A
Z 

+
 

50
0 

m
g 

of
 A

V
I 

gi
ve

n 
as

 a
n 

i.v
. 

ov
er

 3
0 

m
in

 e
ve

ry
 

8 
h

43
.0

 +
 1

5.
9 

(1
8–

79
)

42
.6

 +
 1

8.
1 

(1
8–

88
)

S
ol

om
ki

n,
 

J.
 2

01
5

Tw
o 

id
en

tic
al

 m
ul

tic
en

te
r, 

pr
os

pe
ct

iv
e,

 r
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 p

la
ce

bo
-

co
nt

ro
lle

d 
tr

ia
ls

 w
er

e 
in

iti
at

ed
 

in
 D

ec
em

be
r 

20
11

 a
t 

19
6 

st
ud

y 
ce

nt
er

s 
w

or
ld

w
id

e 
(C

lin
ic

al
Tr

ia
ls

.g
ov

 id
en

ti-
fie

rs
 N

C
T0

14
45

66
5 

an
d 

N
C

T0
14

45
67

8)

m
M

IT
T 

(n
 =

 3
89

) 
M

E
 

(n
 =

 2
75

) C
E

 
(n

 =
 3

75
) 

S
af

et
y 

po
pu

la
tio

n 
(n

 =
 4

82
)

m
M

IT
T 

(n
 =

 4
17

) M
E

 
(n

 =
 3

21
) C

E
 

(n
 =

 3
99

) 
S

af
et

y 
po

pu
la

tio
n 

(n
 =

 4
97

) 

M
al

e 
21

8 
M

al
e 

24
8 

M
ea

n 
(S

D
) 

50
.8

 (1
8.

3)
M

ea
n 

(S
D

) 
50

.4
 (1

6.
9)

“T
he

 in
ci

de
nc

e 
an

d 
di

st
rib

ut
io

n 
of

 b
as

el
in

e 
pa

th
og

en
s 

w
er

e 
si

m
ila

r 
be

-
tw

ee
n 

th
e 

tr
ea

tm
en

t 
gr

ou
ps

. T
he

 m
os

t 
co

m
m

on
 G

-  a
er

ob
es

 is
ol

at
ed

 
at

 b
as

el
in

e 
fr

om
 in

tr
a-

ab
do

m
in

al
 s

pe
ci

m
en

s 
in

 t
he

 M
IT

T 
po

pu
la

tio
n 

w
er

e 
E.

 c
ol

i (
52

5/
80

6 
[6

5.
1%

]),
 K

. p
ne

um
on

ia
e 

(7
6/

80
6 

[9
.4

%
]),

 a
nd

 P
. 

ae
ru

gi
no

sa
 (7

2/
 8

06
 [8

.9
%

]).
 T

he
 m

aj
or

ity
 o

f 
in

fe
ct

io
ns

 w
er

e 
po

ly
m

ic
ro

bi
al

 
(2

57
/3

89
 [6

6.
1%

] a
nd

 2
88

/4
17

 [6
9.

1%
] p

at
ie

nt
s 

in
 t

he
 C

FT
/T

A
Z 

+
 M

N
Z 

an
d 

m
er

op
en

em
 t

re
at

m
en

t 
gr

ou
ps

, r
es

pe
ct

iv
el

y)
. T

he
re

 w
er

e 
29

 E
S

B
L-

pr
od

uc
in

g 
E

nt
er

ob
ac

te
ria

ce
ae

 is
ol

at
ed

 in
 e

ac
h 

tr
ea

tm
en

t 
gr

ou
p,

 a
n 

ov
er

al
l 

ra
te

 o
f 

7.
2%

 (5
8/

80
6)

. O
f 

52
 in

di
vi

du
al

 P
. a

er
ug

in
os

a 
is

ol
at

es
 fo

r 
w

hi
ch

 
M

IC
 d

at
a 

w
er

e 
av

ai
la

bl
e,

 3
 (5

.8
%

) i
so

la
te

s 
w

er
e 

re
si

st
an

t 
to

 ≥
3 

dr
ug

 
cl

as
se

s 
kn

ow
n 

to
 b

e 
ac

tiv
e 

ag
ai

ns
t 

P.
 a

er
ug

in
os

a,
 a

nd
 6

 (1
1.

5%
) w

er
e 

no
ns

us
ce

pt
ib

le
 t

o 
≥3

 a
nt

ip
se

ud
om

on
al

 d
ru

g 
cl

as
se

s.”

C
FT

/T
A

Z 
1.

5 
g 

(c
on

-
ta

in
in

g 
1 

g 
C

FT
 

an
d 

50
0 

m
g 

TA
Z)

 
+

 M
N

Z 
(5

00
 m

g 
ev

er
y 

8 
h)

 

Lu
ca

st
i, 

C
. 

20
14

Pr
os

pe
ct

iv
e,

 d
ou

bl
e-

bl
in

d,
 r

an
-

do
m

iz
ed

, m
ul

tic
en

te
r 

ph
as

e 
II 

tr
ia

l (
C

lin
ic

al
Tr

ia
ls

.g
ov

 r
eg

is
tr

a-
tio

n 
N

o.
 N

C
T0

11
47

64
0)

m
M

IT
T 

(n
 =

 6
1)

 
C

E
 (n

 =
 7

0)
 

M
E

 (n
 =

 5
3)

 

m
M

IT
T 

(n
 =

 2
5)

 
C

E
 (n

 =
 3

5)
 

M
E

 (n
 =

 2
4)

 

S
ex

, m
al

e 
45

 
(5

4.
9%

) 

S
ex

, m
al

e 
24

 
(6

1.
5%

)

A
ge

, (
≥6

5)
 1

9 
A

ge
, (

≥6
5)

 7
Th

e 
in

ci
de

nc
e 

an
d 

di
st

rib
ut

io
n 

of
 in

tr
a-

ab
do

m
in

al
 p

at
ho

ge
ns

 is
ol

at
ed

 a
t 

ba
se

lin
e 

w
er

e 
si

m
ila

r 
in

 t
he

 t
re

at
m

en
t 

gr
ou

ps
. F

or
 t

he
 m

M
IT

T 
po

pu
la

tio
n,

 
th

e 
m

os
t 

co
m

m
on

 p
at

ho
ge

n 
is

ol
at

ed
 a

t 
ba

se
lin

e 
w

as
 E

. c
ol

i, 
pr

es
en

t 
in

 
41

/6
1 

(6
7.

2%
) a

nd
 1

9/
25

 (7
6.

0%
) p

at
ie

nt
s 

in
 t

he
 C

FT
/T

A
Z 

an
d 

m
er

op
en

em
 

gr
ou

ps
, r

es
pe

ct
iv

el
y.

 In
 t

he
 m

M
IT

T 
po

pu
la

tio
n,

 2
4/

61
 (3

9.
3%

) p
at

ie
nt

s 
in

 
th

e 
C

FT
/T

A
Z 

gr
ou

p 
an

d 
9/

25
 (3

6.
0%

) p
at

ie
nt

s 
in

 t
he

 m
er

op
en

em
 g

ro
up

 h
ad

 
a 

po
ly

m
ic

ro
bi

al
 in

fe
ct

io
n 

(≥
2 

or
ga

ni
sm

s 
is

ol
at

ed
 a

t 
ba

se
lin

e)
.

i.v
. C

FT
/T

A
Z 

(1
.5

 g
 

ev
er

y 
8 

h 
[q

8h
]) 

+
 

i.v
. M

N
Z 

(5
00

 m
g 

q8
h)

A
bb

re
vi

at
io

ns
: C

A
Z/

A
V

I, 
ce

ft
az

id
im

e/
av

ib
ac

ta
m

; C
E

, c
lin

ic
al

 e
va

lu
ab

le
; C

FT
/T

A
Z,

 c
ef

to
lo

zo
ne

/t
az

ob
ac

ta
m

; i
.v

., 
in

tr
av

en
ou

s 
in

je
ct

io
n;

 M
E

, m
ic

ro
bi

ol
og

ic
al

 e
va

lu
ab

le
; m

M
IT

T,
 m

ic
ro

-m
od

ifi
ed

 in
te

nt
-t

o-
tr

ea
t;

 M
N

Z,
 m

et
ro

ni
da

zo
le

. 

Ta
bl

e 
1.

 
Co

nt
in

ue
d



6  •  ofid  •  Che et al

neither the overall analysis nor the subgroup analysis exhibited 
difference between the 2 drug regimens (Supplementary Figure 
1).

AEs (Safety Population)

In terms of the overall incidence of AEs, there was no signif-
icant difference between the 2 groups (5 RCTs, 2215 patients; 
RD, 0.02; 95% CI, –0.01 to 0.06; I2 = 0%) (Figure  4A), and 
the subgroup analysis showed similar results (4 RCTs in the 
ceftazidime/avibactam subgroup, 1236 patients; RD, 0.03; 95% 
CI, –0.01 to 0.08; I2 = 0%; 1 RCT in the ceftolozane/tazobactam 
subgroup, 979 patients; RD, 0.01; 95% CI, –0.05 to 0.08) 
(Figure 4A).

However, ceftazidime/avibactam had a significantly higher 
risk of vomiting compared with meropenem in the subgroup 
analysis (4 RCTs, 1776 patients; RD, 0.03; 95% CI, 0.01 to 0.05; 
I2 = 47%) (Figure  4B). There was no significant difference in 
diarrhea, headache, cough, or pyrexia between the 2 groups 
(Supplementary Figure 2).

SAEs (Safety Population)

Five articles consisting of 1897 patients recorded the incidence 
of SAEs in the safety population. Generally speaking, there was 

no significant difference between the 2 groups (RD, 0.01; 95% 
CI, –0.02 to 0.03; I2 = 28%) (Figure 4C), and there was no dif-
ference in the ceftazidime/avibactam subgroup (4 RCTs, 1776 
patients; RD, –0.00; 95% CI, –0.02 to 0.02; I2 = 0%) (Figure 4C). 
However, 1 article on ceftolozane/tazobactam showed that 
meropenem had a relatively lower incidence of SAEs (RD, 0.12; 
95% CI, 0.01 to 0.23) (Figure 4C).

Mortality (Safety Population)

Four RCTs consisting of 2671 patients reported deaths, and 
there was no significant difference in mortality between the 
2 groups (RD, 0.01; 95% CI, –0.00 to 0.02) (Figure  4D). The 
same conclusion was found from the subgroup analysis (3 RCTs 
in the ceftazidime/avibactam subgroup, 1692 patients; RD, 
0.01; 95% CI, –0.00 to 0.02; I2 = 0%; 1 RCT in the ceftolozane/
tazobactam subgroup, 979 patients; RD, 0.01; 95% CI, –0.01 to 
0.02) (Figure 4D).

DISCUSSION

Antimicrobial therapy is crucial in the progression of cIAIs. 
The misuse of antibiotic regimens (by administering inap-
propriate antimicrobial agents, for example) is perhaps the 
strongest predictor of unsatisfactory treatment outcome. A re-
cent nationwide observational study in Japan showed an asso-
ciation between inadequate antimicrobial therapy and higher 
mortality rates in patients with sepsis and cIAIs, which can be 
significantly reduced by taking intra-abdominal cultures [18]. 
However, delayed use of antibiotics until the results of suscep-
tibility tests are available has also been shown to increase the 
rate of failure and even increase the risk of mortality [19, 20]. 
The choice of empirical antimicrobial therapy is complicated, 
owing to the diverse species that are implicated in cIAIs and the 
increasing emergence of drug-resistant pathogens.

Patients with severe cIAIs often have 1 or more high risk fac-
tors for poor prognosis or drug-resistant bacterial infection. 
Therefore, broad-spectrum antibiotics should be selected for 
treatment to minimize the treatment failure caused by inad-
equate initial treatment. In terms of antibiotic selection, it is 
usually necessary to select drugs covering gram-negative bac-
teria, such as P. aeruginosa and Enterobacteriales, as well as in-
testinal Streptococcus and most anaerobic bacteria. Labricciosa 
et al. [21] conducted a secondary analysis from 2 prospective 
multicenter color surveillance studies using a case–control ap-
proach to evaluate the factors associated with the isolation of 
MDR organisms in cIAIs. They found that MDR organisms rep-
resent 9.8% of total isolated micro-organisms, and the overall 
incidence rate of MDR organisms was 13.9%. MDR organisms 
are more frequently isolated in patients with HA-cIAIs (25.4%). 
According to Chinese guidelines for the diagnosis and manage-
ment of intra-abdominal infection (2019 edition), carbapenem 
is still the first choice among the commonly used drugs, and 
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the overall order is set as follows: meropenem > imipenem 
cilastatin, ertapenem, β-lactamase inhibitor > tigecycline > 
third-generation cephalosporin plus metronidazole > sec-
ond-generation cephalosporin plus metronidazole [22]. A large 
multicenter epidemiology of cIAI treatment in the United 
States has shown that despite a high prevalence of resistance in 
third-generation cephalosporins and carbapenems, about one-
quarter of all empiric regimens contain a carbapenem, which 
is a marker for slightly lower postinfection length of stay, but 
higher costs and risk of hospital complications [23]. Under the 
pressure of carbapenem overuse and the emergence of resist-
ance, carbapenem-sparing strategies have been implemented. 
Data regarding application of noncarbapenem β-lactams are 
urgently need.

Unfortunately, our meta-analysis preliminarily indicated that 
carbapenem was still irreplaceable in the treatment of cIAIs. The 
inferiority of BL/BLIs was mainly reflected by the lower clinical, 
microbiological success rates and higher risk of vomiting.

In terms of microbiological efficacy, ceftolozane/tazobactam 
and ceftazidime/avibactam have similar spectra of antimicro-
bial activity, but with some important differences. According 
to an in vitro activity test against 3269 Enterobacterales iso-
lates from medical centers in the United States, the most ac-
tive agents against Enterobacterales are ceftazidime/avibactam; 
meropenem is the second, and ceftolozane/tazobactam is 

relatively poor [24]. Interestingly, there is an opposite trend 
with our results, showing that in terms of microbiological 
response to E.  coli, ceftolozane/tazobactam is comparable 
to carbapenem, while ceftazidime/avibactam does not per-
form as well as carbapenem. However, analysis of Klebsiella 
pneumoniae alone did not show any significant difference, per-
haps because of the small number of samples. In addition to 
Enterobacteriales, P.  aeruginosa is also a very common path-
ogen of cIAIs. Buehrle et  al. [25] compared the antibacterial 
activity of ceftolozane/tazobactam and ceftazidime/avibactam 
against meropenem-resistant P. aeruginosa strains. The results 
showed that ceftolozane/tazobactam has stronger antibacterial 
activity, and it can continuously inhibit P.  aeruginosa strains 
from the respiratory tract, blood, wounds, and other parts as 
well as other insensitive β-lactam drugs. This may be related 
to the activity mechanism that ceftolozane is an inhibitor of 
penicillin-binding proteins (PBPs) of P. aeruginosa (eg, PBP1b, 
PBP1c, and PBP3) and E.  coli (eg, PBP3) [26]. Results from 
the China Antimicrobial Surveillance Network (CHINET) in 
2017 of the in vitro activities of ceftazidime/avibactam and 
ceftolozane/tazobactam against clinical isolates also showed 
that ceftolozane/tazobactam shows a better effect against 
P. aeruginosa. However, this unique advantage of ceftolozane/
tazobactam in P. aeruginosa was not observed in our analysis. 
In terms of the microbiological response rate of anaerobes, we 
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Figure 4.  Forest plots showing risk difference with 95% CI of safety outcomes. A, Adverse events. B, Vomiting. C, Serious adverse events. D, Mortality. “Favors” means 
lower incidence of safety outcomes.



BL/BLIs Plus Metronidazole for cIAIs  •  ofid  •  9

found that the 2 novel BL/BLIs in combination with metronida-
zole were comparable to carbapenem based on the existing data.

In addition, the results of our analysis were not opti-
mistic in terms of the clinical effectiveness of novel BL/BLIs. 
Ceftolozane was approved by the FDA in 2014 for use in 
combination with tazobactam for the treatment of serious 
infections, such as cIAIs and complicated urinary tract in-
fections (cUTIs) [27]. Ceftazidime/avibactam was approved 
in 2015 for cIAIs and cUTIs [28]. Kongnakorn et al. devel-
oped a sequential, patient-level simulation model to compare 
the cost-effectiveness of ceftazidime/avibactam, ceftolozane/
tazobactam, and meropenem for cIAIs, and they gave a very 
optimistic evaluation of ceftazidime/avibactam. Ceftazidime/
avibactam, compared with ceftolozane/tazobactam and 
meropenem, has better clinical outcomes in terms of higher 
cure rate, shorter hospital stays, and increased quality-
adjusted life-years (QALY) per patient [29]. In recent years, 
many research data have also supported that the clinical effi-
cacy of the 2 new drug combinations is comparable to that of 
meropenem in the treatment of cIAIs [30]. However, based 
on all the RCT analyses, the clinical efficacy of the new drug 
is not as good as expected. According to the drug label, the re-
commended dose of ceftolozone/tazobactam is 1.5 g IV over 
1  h, q8h, and the recommended duration is 4–14  days for 
cIAIs [31]. The recommended dose of ceftazidime/avibactam 
is 2.5 g IV over 2 hours, q8h, and the cIAI course of treatment 
is 5–14  days [32]. The recommendation for the flexibility 
of duration may be attributed to the complexity and vari-
ability of cIAIs. At present, BL/BLIs are generally available 
only as combinations with a fixed dose ratio. For instance, 
ceftazidime/avibactam formulations are prepared at a ratio of 
4:1 (ceftazidime to avibactam), and ceftolozone/tazobactam 
formulations are prepared at a ratio of 2:1 (ceftolozane to 
tazobactam). In some inevitably clinical scenarios (eg, se-
vere [high inoculum] infections), the present ratio of BL/
BLIs cannot provide adequate inhibitor exposures. However, 
it is impossible to change the administration ratio flexibly in 
clinical practice [33]. Previous studies on the pharmacoki-
netics of tazobactam in patients undergoing elective colo-
rectal surgery have shown that the mean concentration of 
tazobactam in gastrointestinal tissues (appendix, proximal, 
and distal mucosa) exceeds its levels in plasma after 1 hour 
[34]. At present, due to the lack of clinical application, very 
few typical case reports or clinical studies have been pub-
lished. Research on tissue penetrability and distribution for 
these new agents is still limited, which is very important 
and directly affects the efficacy of beta-lactamase inhibitors 
in the setting of the hostile environment of the infected ab-
domen. Furthermore, there are few guidelines and sugges-
tions on the clinical application of 2 novel BL/BLIs. Testing 
for susceptibility to ceftolozane/tazobactam or ceftazidime/
avibactam is advised for patients as definitive therapy in the 

setting of confirmed resistance to other β-lactam agents. For 
isolates remaining sensitive to carbapenems, ceftolozane/
tazobactam or ceftazidime/avibactam may only be con-
sidered as carbapenem-sparing options at select institu-
tions with increasing reports of carbapenem resistance [35]. 
Obviously, despite the rapid development of antibiotic drugs, 
the era of new antibiotics has not come before more clinical 
studies prove their safety and efficacy.

In terms of safety, the most frequently reported AEs in both 
groups were nausea, vomiting, and diarrhea, and these are ex-
pected events in a postoperative population with cIAI. Our 
results concluded that novel BL/BLIs in combination with met-
ronidazole showed noninferiority compared with meropenem, 
and there were no more safety-related events in terms of overall 
AEs, SAEs, or mortality in the treatment of cIAIs. Previous 
meta-analyses have proven that ceftazidime/avibactam and 
ceftolozane/tazobactam exhibit comparable safety with alterna-
tive antibiotics in the treatment of gram-negative bacterial in-
fections [36, 37]. However, our study showed that ceftazidime/
avibactam had a higher incidence of certain AEs, such as 
vomiting, compared with meropenem. Therefore, more real-
world studies are needed to discuss its safety.

Li et al. [38] reported that the efficacy and safety of BL/BLI 
monotherapy or combination therapy are similar or even better 
than those of carbapenem. The difference in results was mainly 
due to the following: First, we included more recent RCTs than 
before. Second, previous studies considered the clinical suc-
cess rate in the ME population to be the microbiological suc-
cess rate, while our study only included clear microbiological 
success data for statistical analysis. Finally, with respect to clin-
ical success, Li et al. [38] chose a CE population for analysis, 
while our study chose an mMITT population to reduce the bias 
caused by no treatment or loss to follow-up after treatment. 

There are several limitations to the present research. First, 
all the RCTs included in this article were sponsored by phar-
maceutical groups and had a high reporting bias. More high-
quality postmarketing evaluation is still required. Second, there 
are no clinical studies directly comparing the safety and effec-
tiveness of ceftolozane/tazobactam and ceftazidime/avibactam 
in the treatment of cIAIs. Therefore, it is difficult to evaluate 
the superiority and inferiority of these 2 BL/BLIs. Meanwhile, 
only meropenem was applied in the present meta-analysis, so 
we lacked data on other carbapenems. Last, despite their recent 
introduction into clinical practice, clinical reports of resistance 
to novel BL/BLIs among typically susceptible organisms have 
already emerged, in some cases associated with therapeutic 
failure. Awareness of the potential for resistance, early detec-
tion, and dose optimization may be important in preserving the 
utility of these agents [39].

In conclusion, the combination regime of novel BL/BLIs and 
metronidazole for cIAIs was less effective than meropenem. 
It is necessary to carefully consider the feasibility of replacing 
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meropenem as the primary agent in new drug combinations in 
the clinical practice of cIAIs.
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