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SUMMARY
Objectives: Ceftazidime/avibactam (CZA) is a third generation
cephalosporin and the first non-beta-lactam beta-lactamase
inhibitor combination. The main outcome was to assess the
effectiveness and safety of CZA in the clinical practice.
Methods: It was a retrospective observational study. The inclusion criteria were age >18 years and receipt of >24 hours
of CZA between January 2016 and October 2018. Variables
studied included demographic, clinical, and treatment.
Results: 63 inpatients in treatment with CZA were included,
39 (61.9 %) were male and the mean (SD) age was 64.3 (15.8)
years. Thirty-eight (60.3%) patients presented bacteremia and
28 (44.4%) were admitted in Intensive Care Unit (ICU). Klebsiella pneumoniae were isolated in 43 (68.3) patients, and
OXA-48 carbapenemase in 51 (81.0%). Concomitant antibio-

tic was used in 40 (63.5%) patients. Mortality at 14 and 30
days were 6 (9.5%) and 4 (6.3%) patients, respectively.
Thirty-five (55.6%) patients reached microbiological cure and
47 (74.6%) clinical cure. Infection recurrence evaluated at 90
days was achieved in 23 (36.5%) patients. ICU admission and
bacteremia showed decreased in clinical cure (p=0.023 and
p=0.01, respectively). Only ICU admission had a diminution
in microbiological cure (p=0.035) and bacteremia a higher recurrence evaluated at 90 days (p=0.003). Only 3 (4.8%) patients interrupted treatment because of the adverse events.
Conclusions: ICU admission had demonstrated a microbiological and clinical cure decreasing. Recurrence evaluated a
90 days was statically significant higher in patients with bacteremia. CZA was a security antibiotic, with a very low incidence of treatment interruptions.

Key words: Ceztazidime-avibactam, antibiotic resistance, enterobacteriaceae infections, nosocomial infections,
carbapenemase-producing enterobacteriaceae, beta-lactamase, klebsiella pneumoniae.

Ceftazidima-avibactam: efectividad y seguridad en práctica
clínica habitual. Experiencia de un hospital de tercer nivel
RESUMEN
Objetivo: Ceftazidima/avibactam (CZA) es
una cefalosporina de tercera generación y
el primer inhibidor de beta-lactamasas no
beta-lactámico. El objetivo principal fue
evaluar su efectividad y seguridad en la
práctica clínica.
Métodos: Se realizó un estudio observacional retrospectivo. Los criterios de
inclusión fueron: edad >18 años y administración de >24 horas de CZA entre
enero de 2016 y octubre de 2018. Las
variables estudiadas incluyeron demograficas, clínicas y de tratamiento.

Resultados: Se incluyeron 63 pacientes
con CZA, 39 (61,9 %) fueron hombres,
media (SD) de edad de 64,3 (15,8)
años. 38 (60,3%) pacientes presentaron bacteriemia y 28 (44,4%) fueron
ingresados en la Unidad de Cuidados
Intensivos (UCI). Klebsiella pneumoniae se aisló en 43 (68,3) pacientes y
OXA-48 carbapenemasa en 51 (81,0%).
40 (63,5%) pacientes recibieron antibiótico concomitante. La mortalidad a
los 14 y 30 días fue de 6 (9,5%) y 4
(6,3%), respectivamente.
Treinta y cinco (55,6%) alcanzaron cura-

ción microbiológica y 47 (74,6%) curación clínica. Recurrencia de la infección a
los 90 días sucedió en 23 (36,5%). El ingreso en UCI y la bacteriemia demostraron una disminución de la curación clínica
(p-0,023 y p-0,01, respectivamente). El
ingreso en UCI tuvo una disminución
en curación microbiológica (p-0,035) y la
bacteriemia en una mayor recurrencia a
los 90 días (p-0,003). 3 (4,8%) interrumpieron el tratamiento por toxicidad.
Conclusiones: El ingreso en UCI se relacionó con disminución de curación microbiológica y clínica. La recurrencia a los 90
días fue mayor en pacientes con bacteriemia. CZA presenta una incidencia baja de
interrupciones del tratamiento.

Palabras clave: Ceztazidima-avibactam, resistencia antibiótica, enterobacteriaceae infecciones, nosocomial
infecciones, enterobacteriaceae productoras-carbapenemasa, beta-lactamasa, klebsiella pneumoniae.
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IINTRODUCTION
The nosocomial infections by carbapenem-resistant Enterobacteriaceae (CRE) has increased in recent years. In some
countries, this situation has become a public health problem
due to these bacteria are now endemic1. To address this problem, the World Health Organization (WHO) published Global Action Plan on Antimicrobial Resistance in 20152.
Most prevalent bacteria are included in Enterobacteriaceae family, such as Klebsiella pneumoniae, and Escherichia
spp; or Pseudomonadaceae family such as Pseudomonas
spp3. Klebsiella pneumoniae carbapenemase (KPC), Verona
integrin-encoded metallo-β-lactamase (VIM) and β-lactamase OXA-48 are among the most frequent carbapenemases related with antibiotic resistance4.
The main treatment for this kind of bacteria has been
beta-lactam antibiotics and carbapenem antibiotics, nevertheless, beta-lactam resistance limits treatment options for
this complicated infections5.
Ceftazidime is a third generation cephalosporin against
Enterobacteriaceae and Pseudomonas spp. Avibactam, the
first non-beta-lactam beta-lactamase inhibitor, has in vitro
activity against class A (such as KPC), class C and some class D
carbapenemases (such as OXA-48). It has no activity against
metallo-beta-lactamases (MBL), New Delhi metallo-β-lactamase (NDM) or VIM6,7.
Ceftazidime/avibactam (CZA) combination was approved
24 June 2016 by European Medicines Agency (EMA) for treatment of complicated intra-abdominal infection (cIAI), complicated urinary tract infection (cUTI), including pyelonephritis,
hospital-acquired pneumonia (HAP), including ventilator associated pneumonia (VAP) and infections due to aerobic Gramnegative organisms with limited treatment options.
There are not many clinical practice data due to recently
CZA commercialization. In vitro activity against Enterobacteriaceae is between 67.0-99.0%6. Therefore, it is important
to determinate CZA susceptibility of the isolated bacteria
and identify carbapenemase or beta-lactamase enzyme related to antibiotic resistance. A low rate of resistance development to CZA is reported, varying from 1.6-2.0%8,9.
Clinical response varies among 55.0-95.0%3,10 and microbiological response among 55.6-91.1%8,9,11-13. 30 day
all-cause mortality rates ranges between 5.9-39.5%3,10.
Complicated infection and comorbidities might reduce clinical and microbiological response to CZA. Therefore, concomitant antibiotic against isolated bacterium might be necessary.
Nevertheless, increased response to concomitant treatment is
not demonstrated versus CZA monotherapy3, 6,14. Infection recurrence after CZA treatment varies among 8.7-21.6%15,16.
Therefore, nosocomial infections, resistance and the developing of new antibiotics such CZA are increasing, we designed this study in clinical practice. The main outcome was
to assess the effectiveness (defined as clinical and microbiological cure) and safety profile of CZA in clinical practice.
The secondary objectives were to assess the effectiveness
between subgroups of patients (patients with bacteremia,
Intensive Care Unit (ICU) admission and concomitant antibiotic treatment), and to assess recurrence of infection.
MATERIALS AND METHODS
Study design
This was a retrospective observational study between January
2016 and October 2018. The inclusion criteria were: 1) age
≥18 years, and 2) receipt of >24 hours of CZA. After treatment

had been finished, a monitoring period of ninety days was performed. Approval was obtained by the Clinical Research Ethics
Committee of the University Hospital of La Princesa.
Variables and definitions
All patient data were collected from electronic history records
and electronic prescribing system. Variables studied included
demographic (age and sex), clinical (admission unit, Charlson
Index of co-morbidities at admission and estimated glomerular filtration rate (EGFR) calculated by Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI)), microbiological (infection source or focus/foci, isolated bacteria, carbapenemase
and/or beta-lactamase presence, bacteremia and ICU admission), and treatment (days until CZA treatment starting, CZA
treatment duration, exceeded recommendations of time treatment by infection onset, treatment beginning causes, CZA
dosage and loading dose (4g of ceftazidime and 2g of avibactam), CZA adjustment dose by EGFR (≤50 ml/min), previous systemic antibiotic use, concomitant systemic antibiotic
use, CZA susceptibility (by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) antimicrobial susceptibility testing regulations), adverse events, causes of
treatment discontinuation, clinical and microbiological cure,
infection recurrence evaluated at 90 days, CZA treatment of
the recurrence evaluated at 90 days and all-cause mortality
during 14 and 30 days after starting CZA). Comorbidity burden was quantified using the Charlson comorbidity score17.
Clinical cure was defined as an absence of infection signs and
fever registered in electronic history records. Microbiological
cure was defined as a negative culture of focus infection after
CZA treatment completion. The safety was registered as any
adverse event related with treatment achieved in electronic
medical record. Adverse event degree was classified according to Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.018. The infection were classified attending
to EMA approval19. Bacteremia and admission in ICU were
registered as a poor prognostic factor20,21. Bacterial identification and enzyme associated with antimicrobial resistance
were collected (OXA-48 carbapenemase, KPC and extendedspectrum beta-lactamase (ESBL)). CZA was administrated as
a standard dose of 2.5 grams intravenously every 8 hours
with dose adjustments based on EGFR calculated CKD-EPI.
EMA recommendations of time treatment according to infection onset were considered18. Causes of ending treatment considered were: worsening of the infection with CZA
treatment, CZA resistance by isolated bacteria, CZA treatment toxicity, exitus of the patient, completing days of CZA
scheduled treatment and clinical and/or microbiological. CZA
combination therapy was defined as the receipt of Gram-negative targeted antibiotic for ≥48 hours with CZA.
Statistics analysis
Baseline characteristics of the patients were evaluated using
descriptive statistics (proportion of patients, means, standard deviation (SD), medians, interquartile range (IQR)). In
the analysis of subgroup, Chi-squared test was performed
to identify the association between effectiveness and infection recurrence evaluated at 90 days with ICU admission,
bacteremia and concomitant antibiotic therapy. T-student
test was applied to cooperate effectiveness and Charlson
index. Results were considered statistically significant if the
p-value was less than 0.05. All analyses were calculated
using SPSS Version 22.0 software.
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Appendix
Table 1A. Distribution of patients by admitted unit

Table 1. Infection characteristics
n (%)

n (%)
Haematology

16 (25,4)

Internal Medicine

11 (17.5)

Digestive Surgery

7 (11.1)

Intensive - Care department

6 (9.5)

Urology

6 (9.5)

Anaesthesiology

3 (4.8)

Nephrology

3 (4.8)

Cardiac Surgery

2 (3.2)

Digestive

2 (3.2)

Infection
source

Complicated intra-abdominal infection

20 (31.7)

Infections due Gram-negative with limited
treatment options

17 (27.0)

Complicated urinary tract infection

13 (20.6)

Hospital-acquired pneumonia

13 (20.6)

Bacteremia

38 (60.3)

ICU admission during infection

28 (44.4)

None

Isolated
bacteria

4 (6.3)

More than one bacteria isolated

15 (23.8)

K. pneumoniae

43 (68.3)

E. coli

7 (11.1)
6 (9.5)

Pneumology

2 (3.2)

P. aeruginosa

Oncology

1 (1.6)

K. oxytoca

1 (1.6)

Otorhinolaryngology

1 (1.6)

C. freundii

1 (1.6)

Neurosurgery

1 (1.6)

OXA-48 carbapenemase

51 (81.0)

Rheumatology

1 (1.6)

Extended-spectrum beta-lactamase (ESBL)

14 (22.2)

Traumatology

1 (1.6)

Klebsiella pneumoniae carbapenemase (KPC)

2 (3.2)

Enzyme

RESULTS
Between January 2016 and October 2018, 63 inpatients
were treated with CZA; all of them were included in the
study. The mean (SD) age was 64.3 (15.8) years and 39
(61.9 %) patients were male. Sixteen (25.4%) patients were
admitted in Hematology, 11 (17.35%) in Internal Medicine,
and 7 (11.1%) in Digestive Surgery (distribution by admitted
unit are shown in table 1A of Appendix). In 20 (31.7%) patients, CZA was administrated as expanded use, before CZA
was commercialized. Charlson Index mean (SD) was 4.27
(3.0). Infection characteristics are presented in table 1.
Previously to starting treatment, CZA susceptibility was
verified in 56 (88.9%) patients.
Mean (SD) time until start of CZA treatment was 9.7
(10.7) days, and mean treatment days was 13.2 (10.5). In 19
(30.1%) patients, recommendations of time treatment by infection onset were exceeded, with an average of 4.5 (16.6)
days. Treatment characteristics are shown in table 2.
Effectiveness
Microbiological cure were reached in 35 (55.6%) and were
not obtained in 14 (22.2%) patients. A bacterial culture of infection focus for microbiological cure confirmation were not
performed in 14 (22.2 %) patients. Forty-seven (74.6%) patients achieved infection clinical resolution and in 13 (20.6%)
clinical cure were not evaluated. Clinical and microbiological
cure proportion by infection source are shown in table 3.
Infection recurrence evaluated at 90 was registered in 23
(36.5%) patients, average age 60.0 (16.0) years, and 12
(52.2%) received CZA retreatment. The most isolated bacteria
was K. pneumoniae, in 15 (65.2%) patients, and OXA-48 was
the most common enzyme 15 (78.3%). The mean duration of
CZA treatment were 10 days and in 9 (75.0%) patients concomitant systemic antibiotic were used. None of the recurrences developed CZA resistance and all of them were resolved.

Safety
At least one side effect were registered in 7 (11.1%) patients
and only one patient underwent two side effects. In 3 (4.8%)
patients the treatment were interrupted because of the adverse events. In table 4 are resumed side effects frequency.
Subgroups analysis
Differences in effectiveness (clinical and microbiological
cure) was analyzed by Pearson's chi-squared test in difference subgroups shown in table 5.
Infection recurrence evaluated at 90 days, was higher in
those with bacteremia (18 (60.0%) vs. 5 (20.0%) patients,
p=0.003). No relation were found between ICU admission
and infection recurrence during 90 days (12 (54.5%) vs. 11
(33.3%), p=0.118).
Median Charlson comorbidity Index was analyzed by Student's t-test in patients who reached clinical cure (3.9 (2.9) vs.
5.38 (3.0), p=0.122) and microbiological cure (4.3 (3.1) vs. 4.8
(3.0), p=0.654).
DISCUSSION
The upward incidence of nosocomial infections by Enterobacteriaceae pathogens such as Klebsiella pneumoniae, Escherichia spp. or Pseudomonas spp. is a health problem as
WHO addressed in the Global Action Plan on Antimicrobial
Resistance, published in 20152. Most of these pathogens
has a broad spectrum of antimicrobial resistance based on
carbapenemases and beta-lactamases enzymes. These factors complicate the treatment, increase treatment failure
and mortality of nosocomial infections4,20. The current strategy is to find new antibiotics and antibiotic-inhibitors combinations that are able to escape these resistance mechanisms.
Therefore, we followed out this evaluation of effectiveness
and safety of CZA, a novel antibiotic-inhibitor, in clinical
practice.
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cotherapeutic guide, and it required management approval
n (%)
as well; and 3) when finally
CZA was included in pharmaNo control of infection
34 (54.0)
cotherapeutic guide, it needs to
Treatment
Previous treatment resistance
16 (25.4)
be prescribed by Internal Medibeginning
cine Service (with the exception
Previous treatment toxicity
9 (14.3)
causes
of ICU patients), because a resEmpirical treatment (not bacteria isolated)
4 (6.3)
trictive use of antibiotic in our
hospital.
Loading dose (4g of ceftazidime and 2g of avibactam)
7 (11.1)
Concomitant systemic antiCorrecting dosage by EGFR
50 (79.4)
biotic therapy was registered in
63.5% of the patients, higher
Previous systemic antibiotic therapy
59 (93.7)
proportion than in other cohorts;
Concomitant systemic antibiotic therapy
40 (63.5)
aminoglycosides was the most
combined antibiotic6,21.
Aminoglycosides
16 (25.4)
A very low proportion of
Tetracyclines
11 (17.5)
mortality at 14 and 30 days of
treatment was observed (9.5%
Carbapenems
8 (12.7)
and 6.3% respectively), similar
Polymyxins
8 (12.7)
to Torres et al.8 (mortality at 30
β-lactam antibiotic
days = 8.1%), Sternbach et al.10
4 (6.3)
(mortality at 30 days = 5.9%) or
Fosfomycin
3 (4.8)
van Duin et al.25 (mortality at 30
days = 9.0%). However, mortaClinical/microbiological cure
45 (71.4)
lity was lower than other series
Exitus
7 (11.1)
where 30-day mortality reached
Causes of
End of scheduled treatment
4 (6.3)
25-50%22,26,27. It could be due
treatment
to higher bacteremia frequency
3 (4.8)
discontinuation Treatment toxicity
and Charlson Index in Alraddadi
Treatment failure
2 (3.2)
et al.22 study, due to more bacteremia presence in Caston et
Other
2 (3.2)
al.26, comparing with our popu14 days
6 (9.5)
lation, and due to the higher
Mortality
number of patients in critical
30 days
4 (6.3)
condition in King et al.27.
In our study, a high proporIn our cohort, the most frequent source of infection was
tion of clinical cure (74.6%) was reached, similar to reported
intra-abdominal (31.7%) followed by urinary and pulmoin literature, ranging between 68.8-91,9%6,8,21,22,26,28-32. Almost
nary, similar to Sousa et al.6 and Shields et al.23,24, and in
half of the patients reached microbiological cure (55.6%), low
contrast with other studies where pulmonary source was
proportion comparing with literature, where it varies between
the most common21,22. K pneumoniae was the most CRE
65.0- 91.2%6,10,29,30,32. Difference could be due to the fact that
isolated (43%) followed by E coli (11.1%) and P aeruginosa
microbiological cure was not evaluated in 22.2% of our pa(9.5%). These results contrast with the literature, but in our
tients. Infections due Gram-negative with limited treatment
case proportion of K pneumoniae is lower6,21,22. In nearly a
options reached the highest proportions of clinical and microquarter of patients (23.8%) more than one CRE were isolabiological cure, followed by cUTI, in contrast with other studies
ted, which may have complicated patient’s prognosis. As in
where HAP reached more proportion of infection resolution22.
Aleaddadi et al.22, the predominant carbapenemase was
In a systematic review published by Zhong et al., clinical and
OXA-48 (81.0%), nevertheless in other cohorts KPC was
microbiological response was superior in patients with cUTI,
the majority carbapenemase23,24. Bacteremia was confirmed
what could be explained by the renal excretion of avibactam28.
in more than half of patients (60.3%), slightly higher than
Recurrence of infection evaluated at 90 days (36.5%),
similar studies6. On the other hand, our proportion of ICU
was slightly higher than Sousa et al.6 and Alraddadi et al.22
admission (44.4%) was lower than other cohorts21. It could
studies (10.0% and 20.0% of recurrence at 90 days, resbe due to in our study, there were a high proportion of papectively). None CZA resistance was achieved, even in intients admitted in hematology service (25.4%), where imfection recurrence, similar to low rates reported in literature,
munocompromised patients are more common.
varying from 0-2.0%6,8,9,10,29.
Regard to treatment characteristics, previous treatment
Adverse event requiring discontinuation were only nefailure was the majority beginning cause, and mean time from
cessary in 3 (4.8%) patients (due to hypernatremia, neutroonset infection until start of CZA was greater than literature6.
penia and transaminase increase). In similar observational
It could be due to three factors: 1) in almost a third of patients
studies, none discontinuations were achieved6,26. Even then
CZA was administrated as expanded use when treatment had
no adverse event were registered in 88.9% patients and low
to be approved by the hospital management and regulatory
proportion adverse events registered in our cohort were siagencies; 2) subsequently, CZA was not included in pharmamilar to others studies6,9,12,26,28.

Table 2. Treatment characteristics
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Effectiveness subgroup analyTable 3. Effectiveness by infection source
sis showed ICU admission as
Clinical
Microbiological
poor prognostic factor for clicure n (%)
cure n (%)
nical and microbiological cure,
with differences statistics sigInfections due Gram-negative with
16 (94.1)
11 (84.6)
nificant. This could be due to
limited treatment options
the fact that the pharmacokiComplicated intra-abdominal infection
13 (72.2)
9 (64.3)
netics in critical patients of
ceftazidime is well known, hoComplicated urinary tract infection
10 (76.9)
9 (81.8)
wever more studies are requiHospital-acquired pneumonia
8 (66.7)
6 (54.5)
red for avibactam29.
In the case of bacteremia,
Table 4. Adverse events
results are similar, but statistical significance were not reaSide effect
n (%)
ching in microbiological cure,
due to patients in whom miNone
56 (88.9)
crobiological cure were not reHypernatremia
3 (4.8)
gistered.
Grade 1*
2 (66,7)
When it comes to concomiGrade 2*
1 (33,3)
tant antibiotic treatment, no
differences were found in effecLymphocyte count decreased (Grade 1*)
1 (1.6)
tiveness (clinical or microbiological cure), similar to found in
Neutrophil count decreased (Grade 4*)
1 (1.6)
Jorgense et al.21 study.
Platelet count decreased (Grade 3*)
1 (1.6)
In our cohort, bacteremia
demonstrated the highest imMyoclonus
1 (1.6)
pact in recurrence infection
evaluated at 90 days. BacteTransaminases increase (Alanine aminotransferase and
1 (1.6)
aspartate aminotransferase increased) (Grade 2*)
raemia can cause infection in
a remote focus that may not
*: according to Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0
be detected in blood cultures
of 2017 (18).
and promote the premature
end of CZA treatment.
Table 5. Effectiveness subgroup analysis
Our study has several limiClinical
Microbiological
tations. First one, missing data
cure (n=47)
cure (n=35)
due to retrospective design of
the analysis could distort the
n (%)
p
n (%)
p
results, for example, the loss
of almost a quarter of microNo (n=35)
31 (88.6%)
24 (68.6%)
ICU admission
0.023
0.035
biological resolution data. On
Yes (n=28)
16 (57.1%)
11 (39.3%)
the other hand, reasons of exceeding recommendations of
No (n=25)
22 (88.0%)
15 (60.0%)
time treatment were not analyBacteremia
0.010
0.058
zed. Finally, a small sample size
Yes (n=38)
25 (65.8%)
20 (52.6%)
could influence in statically
No (n=23)
19 (82.6%)
13 (56.5%)
power of the study.
Concomitant
In conclusion, CZA has desystemic
0.251
0.569
Yes (n=40)
28 (70.0%)
22 (55.0%)
antibiotic therapy
monstrated efficacy and safety
in clinical trials, but data in regular clinical practice may be
BIBLIOGRAPHY
differ from them. The effectiveness, evaluated as clinical
1. Lee CR, Lee JH, Park KS, Kim YB, Jeong BC, Lee SH. Global dissemination of
and microbiological cure, were similar to others real clinical
carbapenemase-producing Klebsiella pneumoniae: epidemiology, genetic conpractice studies, and could confirm CZA as election therapy
text, treatment options, and detection methods. Front Microbiol. 2016;(7):875.
in CRE infection with a good safety profile and a low dis2. Global Action Plan on Antimicrobial Resistance. World Health Organization.
continuation proportion due to adverse event. Some fac2015.
tors, as the ICU admission and bacteremia were related
3. Tumbarello M, Losito AR, Giamarellou H. Optimizing therapy in carbapenemresistant Enterobacteriaceae infections. Curr Opin Infect Dis. 2018;(31): 566-577.
with less effectiveness and more 90 days infection recu4. Falagas ME, Tansarli GS, Karageorgopoulos DE, Vardakas KZ. Deaths attrirrence. An early CRE identification was essential for reabutable to carbapenem-resistant Enterobacteriaceae infections. Emerg Infect
ched infection resolution, especially in patients with those
Dis. 2014;(20):1170-5.
poor prognostic factors.
5. Martin A, Fahrbach K, Zhao Q, Lodise T. Association between carbapenem
Conflict of interests: The authors declare that they do not
present a conflict of interest.

resistance and mortality among adult, hospitalized patients with serious infections due to Enterobacteriaceae: results of a systematic literature review and
meta-analysis. Open Forum Infect Dis. 2018;(5):150.

6 / ORIGINAL / Rev. OFIL·ILAPHAR 2020 [first on line]
Calvo-García A, Ibáñez Zurriaga MD, Ramírez Herráiz E, Pérez Abánades M, Sáez Béjar C, Morell Baladrón A

6. Sousa A, Pérez-Rodríguez MT, Soto A, Rodríguez L, Pérez-Landeiro A, Martínez-Lamas L, et al. Effectiveness of ceftazidime/avibactam as salvage therapy
for treatment of infections due to OXA-48 carbapenemase-producing Enterobacteriaceae. J Antimicrob Chemother. 2018;(77):3170-3175.
7. Navarro F, Calvo J, Cantón R, Fernández-Cuenca F, Mirelis B. Detección fenotípica de mecanismos de resistencia en microorganismos gramnegativos. Enferm Infecc Microbiol Clin. 2011;29(7):524-534.
8. Torres A, Zhong N, Pachl J, Timsit JF, Kollef M, Chen Z, et al. Ceftazidimeavibactam versus meropenem in nosocomial pneumonia, including ventilatorassociated pneumonia (REPROVE): a randomised, double-blind, phase 3
non-inferiority trial. Lancet Infect Dis. 2018;18:285-95.
9. Wagenlehner FM, Sobel JD, Newell P, Armstrong J, Huang X, Stone GG, et al.
Ceftazidime-avibactam versus doripenem for the treatment of complicated urinary
tract infections, including acute pyelonephritis: RECAPTURE, a phase 3 randomized
trial program. Clin Infect Dis. 2016;63:754-62. doi: 10.1093/cid/ciw378.
10. Sternbach N, Weissman YL, Avni T and Yahav D. Efficacy and safety of ceftazidime/avibactam: a systematic review and meta-analysis. J Antimicrob Chemother. 2018;73(8):2021-2029. doi: 10.1093/jac/dky124.
11. Lucasti C, Popescu I, Ramesh MK, Lipka J, Sable C. Comparative study of
the efficacy and safety of ceftazidime/avibactam plus metronidazole versus meropenem in the treatment of complicated intra-abdominal infections in hospitalized adults: results of a randomized, double-blind, Phase II trial. J Antimicrob
Chemother. 2013;68:1183-92. doi: 10.1093/jac/dks523.
12. Vazquez JA, González Patzán LD, Stricklin D, Duttaroy DD, Kreidly Z, Lipka J,
Sable C. Efficacy and safety of ceftazidime-avibactam versus imipenem-cilastatin
in the treatment of complicated urinary tract infections, including acute pyelonephritis, in hospitalized adults: results of a prospective, investigator-blinded, randomized
study. Curr Med Res Opin. 2012;28:1921-31. doi: 10.1185/03007995.
13. Carmeli Y, Armstrong J, Laud PJ, Newell P, Stone G, Wardman A, Gasink LB.
Ceftazidime-avibactam or best available therapy in patients with ceftazidimeresistant Enterobacteriaceae and Pseudomonas aeruginosa complicated urinary
tract infections or complicated intra-abdominal infections (REPRISE): a randomised, pathogendirected, phase 3 study. Lancet Infect Dis. 2016;16:661-73.
doi: 10.1016/S1473-3099(16)30004-4.
14. Krapp F, Grant JL, Sutton SH, Ozer EA, Barr VO. Treating complicated carbapenem-resistant enterobacteriaceae infections with ceftazidime/avibactam: a
retrospective study with molecular strain characterisation. Int J Antimicrob
Agents. 2017;(49):770-773. doi: 10.1016/j.ijantimicag.
15. Shields RK, Potoski BA, Haidar G, Hao B, Doi Y, Chen L, et al. Clinical Outcomes, Drug Toxicity, and Emergence of Ceftazidime-Avibactam Resistance
Among Patients Treated for Carbapenem-Resistant Enterobacteriaceae Infections. Clin Infect Dis. 2016;(63):1615-1618. doi: 10.1093/cid/ciw636.
16. Shields RK, Nguyen MH, Chen L, Press EG, Kreiswirth BN, Clancy CJ. Pneumonia
and Renal Replacement Therapy Are Risk Factors for Ceftazidime-Avibactam
Treatment Failures and Resistance among Patients with Carbapenem-Resistant
Enterobacteriaceae Infections. Antimicrob Agents Chemother. 2018;(62):2497-17.
doi: 10.1128/AAC.02497-17.
17. D'Hoore W, Sicotte C, Tilquin C. Risk adjustment in outcome assessment:
the Charlson comorbidity index. Methods Inf Med. 1993;32(5):382-7.
18. Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0. U.S.
Department of Health and Human Services. 2017.
19. https://www.ema.europa.eu/en/medicines/human/EPAR/zavicefta#productinformation-section. 2020 [Access: 29 of January of 2020].
20. Doi Y, Bonomo RA, Hooper DC, Kaye KS, Johnson JR, Clancy CJ, et al. Gram-

Negative Committee of the Antibacterial Resistance Leadership Group (ARLG)a
Gram-negative bacterial infections: research priorities, accomplishments, and
future directions of the antibacterial resistance leadership group. Clin Infect
Dis. 2017;64:30-5. doi: 10.1093/cid/ciw829.
21. Jorgensen SCJ, Trinh TD, Zasowski EJ, Lagnf AM, Bhatia S, Melvin SM, et al.
Real-World Experience With Ceftazidime-Avibactam for Multidrug-Resistant
Gram-Negative Bacterial Infections. Open Forum Infect Dis. 2019;(12):522. doi:
10.1093/ofid/ofz522.
22. Alraddadi BM, Saeedi M, Qutub M, Alshukairi A, Hassanien A, Wali G. Efficacy of ceftazidime-avibactam in the treatment of infections due to Carbapenem-resistant Enterobacteriaceae. BMC Infect Dis. 2019;19(1):772. doi:
10.1186/s12879-019-4409-1.
23. Shields RK, Nguyen MH, Chen L, Press EG, Kreiswirth BN, Clancy CJ. Pneumonia and renal replacement therapy are risk factors for ceftazidime-avibactam
treatment failures and resistance among patients with carbapenem-resistant Enterobacteriaceae infections. Antimicrob Agents Chemother. 2018;5:02497-17.
doi: 10.1128/AAC.02497-1.
24. Shields R, Potoski BA, Haidar G, Hao B, Doi Y, Chen L et al. Clinical Outcomes, Drug Toxicity, and Emergence of Ceftazidime-Avibactam Resistance Among
Patients Treated for Carbapenem-Resistant Enterobacteriaceae. Clin Infect Dis.
2016;63(12):1615-8. doi: 10.1093/cid/ciw636.
25. van Duin D, LokJJ, Earley M, Cober E, Richter SS, Perez F, et al. Colistin versus
ceftazidime-avibactam in the treatment of infections due to carbapenem-resistant
Enterobacteriaceae. Clin Infect Dis. 2018;66:163-71. doi: 0.1093/cid/cix783.
26. Castón JJ, Lacort-Peralta I, Martín-Dávila P, Loeches B, Tabares S, Temkin L,
et al. Clinical efficacy of ceftazidime/avibactam versus other active agents for
the treatment of bacteremia due to carbapenemase-producing Enterobacteriaceae in hematologic patients. Int J Infect Dis. 2017;59:118-123. doi: 10.1016/
j.ijid.2017.03.021.
27. King M, Heil E, Kuriakose S, Bias T, Huang V, El-Beyrouty C, et al. Multicenter
Study of Outcomes with Ceftazidime-Avibactam in Patients with Carbapenem-Resistant Enterobacteriaceae Infections. Antimicrob Agents Chemother. 2017;61.
doi: 10.1128/AAC.00449-17.
28. Zhong H, Zhao XY, Zhang ZL, Gu ZC, Zhang C, Gao Y, et al. Evaluation of
the efficacy and safety of ceftazidime/avibactam in the treatment of Gram-negative bacterial infections: a systematic review and meta-analysis. Antimicrob
Agents. 2018;52(4):443-450. doi: 10.1016/j.ijantimicag.2018.07.004.
29. Tuon FF, Rocha JL, Formigoni-Pinto MR. Pharmacological aspects and spectrum of action of ceftazidime-avibactam: a systematic review. Infection. 2018
Apr;46(2):165-181. doi: 10.1007/s15010-017-1096-y.
30. Che H, Wang R, Wang J, Cai Y. Ceftazidime/avibactam versus carbapenems
for the treatment of infections caused by Enterobacteriaceae: A meta-analysis
of randomised controlled trials. Int J Antimicrob Agents. 2019;54(6):809-813.
doi: 10.1016/j.ijantimicag.2019.09.007.
31. Nguyen CP, Dan Do TN, Bruggemann R, Ten Oever J, Kolwijck E, Adang
EMM, et al. Clinical cure rate and cost-effectiveness of carbapenem-sparing
beta-lactams vs. meropenem for Gram-negative infections: A systematic review,
meta-analysis, and cost-effectiveness analysis. Int J Antimicrob Agents. 2019
Dec;54(6):790-797. doi: 10.1016/j.ijantimicag.2019.07.003.
32. Nørgaard SM, Skaarup Jensen C, Aalestrup J, Vandenbroucke-Grauls CMJE,
de Boer MGJ, Becic Pedersen A. Choice of therapeutic interventions and outcomes for the treatment of infections caused by multidrug-resistant gramnegative pathogens: a systematic review. Antimicrobial Resistance and Infection
Control. 2019;8:170. doi:10.1186/s13756-019-0624-1.

