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Background: Carbapenem-resistant Enterobacterales (CRE) is an urgent public health threat of significant global 
concern. Few observational studies have evaluated the clinical outcomes for treatment of CRE harbouring OXA- 
48 or NDM genes with ceftazidime/avibactam. Previous findings showed lower 30 day mortality with ceftazi-
dime/avibactam ranges between 8.3% and 22%.

Method: This single-centre retrospective cohort study included adult patients aged ≥18 years admitted to King 
Abdulaziz Medical City (KAMC) who had received ceftazidime/avibactam for at least 72 h for infections caused by 
CRE with genes encoding for carbapenemase production (CP-CRE).

Results: A total of 211 patients, mostly male (57%), having CP-CRE infections treated with ceftazidime/avibac-
tam were included, with an average age of 62 years. More than 50% of patients were critically ill, for which 46% 
received invasive ventilation and 36% were on inotropes. The most frequent infectious disease was hospital/ven-
tilator-acquired pneumonia with Klebsiella pneumoniae being the most frequent causative pathogen. The ma-
jority of isolates harboured OXA-48 (81%), followed by NDM ± OXA-48 (19%). The overall clinical cure and 30 day 
mortality was 78% and 21% respectively (stratified per gene: 79% and 21.6% for OXA-48 and 75% and 17.5% 
for NDM ± OXA-48).

Conclusions: This was the largest study that evaluated clinical outcomes associate with CP-CRE harbouring OXA- 
48 gene infections treated with ceftazidime/avibactam. Clinical cure and 30 day mortality were consistent with 
those of previous studies. Findings suggested that combination therapy with ceftazidime/avibactam had no dir-
ect impact on clinical outcomes for CP-CRE with OXA-48.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Carbapenem-resistant Enterobacterales (CRE) is an urgent pub-
lic health threat of significant global concern that accounted for 
more than 1100 deaths per the 2019 CDC report for antibiotic 
resistance.1 CRE is associated with higher mortality rate, with 
an approximately 2-fold increase in mortality compared with 
infections with carbapenem-susceptible Enterobacterales.2

Carbapenemases produced by CRE have been classified into 
three different groups according to Ambler classification: class 
A [e.g. Klebsiella pneumoniae carbapenemase (KPC)], class B or 
MBL (e.g. VIM) and class D [e.g. oxacillinase (OXA-48)].2,3 Local 
data that describe the molecular epidemiology of CRE in Saudi 
Arabia found that OXA-48 accounted for 71.2% (n = 292) of 
410 carbapenemase-producing CRE isolates, followed by NDM 
(n = 85; 20.7%) and NDM + OXA-48 (n = 33; 8%).4
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The new β-lactam/β-lactamase inhibitors have gained signifi-
cant interest for their favourable outcomes in terms of clinical 
efficacy and safety profile.5 Ceftazidime/avibactam is a combin-
ation of a third-generation cephalosporin, ceftazidime, and the 
novel, non-β-lactam β-lactamase inhibitor avibactam, which 
possesses the ability to treat carbapenemase-producing CRE 
(CP-CRE).5 Ceftazidime/avibactam was approved by the FDA in 
2015 for complicated urinary tract infections (cUTIs), compli-
cated intra-abdominal infections (cIAIs) and, in 2018, for the 
treatment of hospital-acquired pneumonia (HAP) and ventilator- 
associated pneumonia (VAP).6

Few observational studies have evaluated the clinical out-
comes for treatment of CP-CRE harbouring OXA-48 with ceftazi-
dime/avibactam.7,8 Findings of these studies showed lower 
30 day mortality with ceftazidime/avibactam ranging between 
8.3% and 22%.7,8 Notably, the small sample size of both studies 
would affect its generalizability and increase the value in other 
studies with larger sample sizes.

Considering the high prevalence of Gram-negative resistant 
pathogens, particularly CP-CRE, at our institution,9 the aim of 
this study was to evaluate the clinical efficacy of ceftazidime/avi-
bactam for treatment of CP-CRE harbouring OXA-48 and/or NDM.

Methods
Study design and setting
This was a retrospective, observational, single-centre study conducted at 
King Abdulaziz Medical City (KAMC) from January 2018 to November 
2020. KAMC is a Joint Commission International (JCI)-accredited 
1500-bed tertiary care academic medical centre in Riyadh, Saudi Arabia.

Study population
The inclusion criteria of patients were if they were adults (age ≥18 years) 
and had received ceftazidime/avibactam alone or in combination for 
≥72 h as treatment of a confirmed infection secondary to CP-CRE with 
a detected gene encoding for carbapenemase production. At least one 
isolate was collected and isolated from each case for microbiological 
analysis. All patients were stratified into two groups: those who had re-
ceived ceftazidime/avibactam alone (monotherapy group) and those 
who had combination therapy added to ceftazidime/avibactam for treat-
ment of CP-CRE as per definition (combination therapy group). Patients 
with polymicrobial infections and those who did not receive aztreonam 
in combination with ceftazidime/avibactam for CP-CRE encoded with 
NDM were excluded. The study was approved by the institutional review 
board at King Abdullah International Medical Research Center (KAIMRC). 
Clinical data were collected from electronic medical records and 
de-identified for further review. Relevant information, including demo-
graphic data, baseline comorbidities, Charlson comorbidity index, infec-
tion and treatment-related variables, was recorded.

Microbiological tests
Microbiological tests for bacterial identification and susceptibility testing 
were performed in the laboratory department in accordance with 
CLSI protocols. Susceptibility tests were conducted by an automated 
susceptibility testing system via the VITEK 2 system (bioMérieux, 
Marcy-l’Étoile, France). Per local microbiology lab protocol, isolates were sub-
jected for further work-up when susceptibility tests showed resistance to 
ertapenem, meropenem or imipenem/cilastatin, defined as when MICs 
are at the resistance cut-off of the susceptibility breakpoints determined 
by CLSI protocol (≥1 mg/L for meropenem and imipenem/cilastatin and 

≥0.5 mg/L for ertapenem). Such isolates would undergo PCR-based testing 
to identify the presence of any gene coding for carbapenemase production 
and thus classified as CP-CRE. Ceftazidime/avibactam MICs were deter-
mined by Etest (bioMérieux). Broth microdilution was used to determine co-
listin MICs. The results were interpreted in accordance with the CLSI clinical 
breakpoints (≤2 mg/L interpreted as susceptible or intermediately suscep-
tible, after recent updates of CLSI in 2020). Carbapenemase gene content 
was detected using the GeneXpert Carba-R PCR assays (Cepheid, 
Sunnyvale, CA, USA) targeting blaKPC, blaOXA-48-like, blaVIM, blaNDM and blaIMP.

Antimicrobial therapy
Ceftazidime/avibactam is a restricted medication at KAMC for critical care, 
haematology/oncology and infectious disease (ID), and it can be dis-
pensed for 72 h without an ID approval. Therapy with ceftazidime/avibac-
tam was usually started by the primary treating physician, which was 
often followed by an ID consultation. Dosage set was 2.5 g every 8 h to 
be infused over 2 h. Other antibiotics that were frequently used as a com-
bination therapy for CP-CRE were colistin, amikacin, gentamicin, tigecyc-
line and aztreonam.

Definitions
The infection source was determined based on the CDC/National 
Healthcare Safety Network criteria. Treatment regimens were classified 
as monotherapy (treatment with ceftazidime/avibactam alone) or com-
bination therapy, defined as the addition of other IV antimicrobials with 
in vitro activity against the clinical isolate or the addition of aztreonam 
to ceftazidime/avibactam for isolates with NDM genes detected. 
Concomitant treatment with metronidazole (when required for anaerobic 
coverage) was not considered as combination therapy. Acute kidney in-
jury (AKI) was defined as an increase in serum creatinine by 0.3 mg/dL 
over 48 h or a reduction in urine output to 0.5 mL/kg/h over 6 h.

Outcomes
Primary outcomes were determined to be clinical cure at completion of 
therapy and 30 day mortality rate. For the secondary outcomes, 60 day 
mortality and relapse rate within 30 days of completion of ceftazidime/ 
avibactam therapy for primary infection were determined. Safety out-
comes include development of adverse drug reactions related to 
ceftazidime/avibactam. Clinical cure was defined as clinical improvement 
with no signs or symptoms of systemic infection (absence of fever, 
leucocytosis and elevated inflammatory markers) at the completion of 
therapy. Relapse was defined as reinfection with the same organism 
within 30 days after completion of ceftazidime/avibactam therapy.

Statistical analysis
Categorical variables were expressed as percentages and compared be-
tween groups using the chi-squared test or Fisher’s exact test based on 
the data distribution. Continuous variables were presented as the means 
and standard deviation. Student’s t-test or Wilcoxon/Kruskal–Wallis tests 
were used to compare the groups for continuous variables based on the 
data distribution. Further, we used multivariate logistic regression ana-
lysis to model the 30 day and 60 day mortality as outcomes. We included 
patients: with BMI ≥30 kg/m2, with diabetes mellitus (DM), hypertension 
(HTN), pneumonia, bacteraemia, UTIs, IAIs, patients infected with CRE 
encoded by OXA-48 versus NDM, who received vasopressors or required 
mechanical ventilation (MV), who received ceftazidime/avibactam as 
monotherapy or in combination, who received the appropriate dosing 
of ceftazidime/avibactam versus those who did not, with CLCR ≥  
50 mL/min versus <50 mL/min, who received ceftazidime/avibactam 
for ≥7 days versus ≥10 days versus ≥14 days, with a history of CRE infec-
tion in the last year before current incidence; patient’s age and sex were 
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predictors with backward elimination, with P = 0.5 for entry and 0.05 to 
stay in the model.

Results
A total of 233 confirmed infections with CRE were identified be-
tween January 2018 and November 2020. Twenty-two patients 
were excluded for not fully meeting the inclusion criteria. A total 
of 211 patients received ceftazidime/avibactam for CP-CRE infec-
tion during the study period (Figure 1).

For those who received ceftazidime/avibactam as monother-
apy (n = 119), the average age was 66 years and the majority 
of these were male (55.6%). Combination therapy was prescribed 
for 92 patients (61% male) with an average age of 56 years. HTN 
and DM followed by heart disease were the most frequently seen 
comorbidities in monotherapy and combination therapy groups 
[(70% versus 48%; P = 0.015); (69% versus 49%; P = 0.031); 
(54% versus 48%; P = 0.259)], respectively. There were 61 
(51.3%) patients with a Charlson index score of 5 or higher in 
the monotherapy group and 36 (39%) in the combination group 
(P = 0.08). Infection biochemical markers, including leucocytosis, 
elevated procalcitonin, high erythrocyte sedimentation rate and 
C-reactive protein, were elevated in both groups with no statistic-
ally significant differences (Table 1).

Compared with the monotherapy group, more patients in the 
combination group were in ICUs when cultures were collected 
(61% versus 43%; P = 0.025). The number of patients receiving 

invasive MV and vasopressors was significantly higher in the com-
bination group compared with the monotherapy group (55% versus 
39%; P = 0.021 and 46% versus 32.8%; P = 0.051, respectively).

The most frequently isolated pathogens from 211 patients 
were K. pneumoniae (189/211; 90%), Escherichia coli (9/211, 
4.3%) and Enterobacter spp. (9/211; 4.3%). The majority of col-
lected specimens were from the respiratory tract (sputum, tra-
cheal aspirate, bronchoalveolar lavage) (31.3%), followed by 
urine (27.5%) and blood (25.6%). More than 80% of isolates 
(171/211; 81%) carried OXA-48 genes, followed by NDM ±  
OXA-48 (40/211; 19%). Ceftazidime/avibactam susceptibility 
was done for 76 isolates (44 and 32 in the monotherapy group 
and combination groups, respectively); these were all susceptible 
and carried the OXA-48 gene. Pneumonia (HAP and VAP) was the 
most frequently encountered ID (31.3%) followed by UTIs (26.5%) 
and bacteraemia (25.6%) (Figure 2). The appropriateness of cef-
tazidime/avibactam dosing was observed in 77.7% of the total co-
hort; however, 6% received higher doses since they were 
determined to have resolved AKI secondary to sepsis, and 17% re-
ceived lower doses than recommended. The median time be-
tween identifying CP-CRE and ceftazidime/avibactam initiation 
was 24 h in both groups. The mean duration of ceftazidime/avi-
bactam therapy was prolonged in combination therapy (17 versus 
14 days; P = 0.08). Combination therapy was prescribed for 92 pa-
tients, 45% of whom received aztreonam; 27%, colistin; 20%, gen-
tamicin; and the remaining received tigecycline (17.4%) and 
amikacin (11%) (Table 2).

Figure 1. Patient allocation. CAZ/AVI, ceftazidime/avibactam.
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Table 1. Baseline characteristics

Monotherapy 
N = 119

Combination therapy 
N = 92

Total 
N = 211 P value

Demographic data
Age, years, mean ± SD 66 ± 18 56 ± 19 62 ± 19 0.005
Female, n (%) 54 (45.4) 36 (39) 90 (43) 0.962
Weight, kg, mean ± SD 73 ± 18 74 ± 17 73 ± 18 0.376
BMI, kg/m2, mean ± SD 28 ± 7 28 ± 7 28 ± 7 0.845

Medical history—baseline comorbidities, n (%)
Heart disease 64 (54) 44 (48) 108 (51) 0.259
DM 82 (69) 45 (49) 127 (60) 0.031
Hypertension 83 (70) 44 (48) 127 (60) 0.015
Chronic kidney disease 32 (27) 21 (23) 53 (25) 0.757
Haemodialysis 20 (17) 11 (12) 31 (11.4) 0.516
Liver disease 15 (13) 9 (10) 24 (15) 0.554
Respiratory disease 24 (20) 16 (17) 40 (19) 0.73
Active malignancy 12 (10) 16 (17) 28 (13.3) 0.417
Charlson index score ≥5 61 (51.3) 36 (39) 97 (46) 0.08

Baseline laboratory parameters on the day where positive culture for CRE was obtained
WBCs (109/L) 12 ± 6 13 ± 10 12 ± 8 0.366
Neutrophils (cells/mm3) 7 ± 6 9 ± 8 8 ± 5 0.07
Procalcitonin (ng/mL) 6 ± 14 11 ± 34 9 ± 29 0.303
Lactic acid (mmol/L) 2.4 ± 2 2 ± 1 2 ± 2 0.215
Erythrocyte sedimentation rate (mm/hour) 53 ± 31 58 ± 36 61 ± 35 0.264
C-reactive protein (mg/L) 139 ± 181 133 ± 85 128 ± 170 0.972
AST (units/L) 35 ± 34 57 ± 54 64 ± 111 0.307
ALT (units/L) 53 ± 92 50 ± 60 50 ± 78 0.524

Critically ill patients, N = 132, n (%)
ICU at index culture 51 (43) 56 (61) 107 (51) 0.025
MV 47 (39) 50 (55) 97 (46) 0.021
Vasopressors 39 (32.8) 42 (46) 81 (38) 0.051
Continuous renal replacement therapy 4 (3.4) 6 (6.5) 10 (4.7) 0.773

Microbiological findings and ID diagnosis
Specimens collected, n (%)

Respiratory 37 (31) 29 (32) 66(31.3) 0.29
Urine 37 (31) 21 (23) 58 (27.5)
Blood 26 (22) 28 (30) 54(25.6)
Deep wound swabs 7 (6) 15 (16.3) 22(10.4)
Fluid culture 11 (9.3) 4 (4.3) 15(7)
Tissue 8 (7) 6 (6.5) 13 (6)

Isolated organisms, n (%)
K. pneumoniae 110 (92) 79 (86) 189 (90) 0.216
E. coli 4 (3.4) 5 (5.3) 9 (4.3)
Enterobacter spp. 6 (5) 3 (3.3) 9 (4.3)
Klebsiella oxytoca 0 1 (1) 1 (0.5)
Proteus mirabilis 1 (0.8) 0 1 (0.5)
Citrobacter spp. 0 1 (1) 1 (0.5)
Serratia marcescens 0 3 (3.3) 3 (1.4)

Gene encoding carbapenemase enzyme, n (%)
OXA-48 119 (100) 52 (56.5) 171 (81) 0.001
NDM 0 29 (31.5) 29 (13.7) 0.001
Both (OXA-48 + NDM) 0 11 (12) 11 (5.2)

ID diagnosis, n (%)
HAP/VAP 37 (31) 29 (32) 66(31.3) 0.55
UTI 36 (30.3) 20 (21.7) 56 (26.5)

Continued 
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Outcomes of interest
Clinical cure was significantly higher in the monotherapy group 
compared with the combination therapy group (87% versus 
67.4%; P = 0.001). The mortality rate at 30 days post infection 
was 16% and 27% (P = 0.05) in monotherapy and combination 
therapy groups, respectively; for secondary outcomes, 60 day 
mortality rates were 20.2% and 36%, respectively, which was a 
significant difference (P = 0.011). Relapse rates of infection with 
CR-CRE at 30 days post ceftazidime/avibactam therapy comple-
tion were 7.6% and 13% in monotherapy and combination ther-
apy, respectively (Table 2).

In the monotherapy group, 6.7% of patients developed AKI 
compared with 8.7% in the combination group. Almost 4% of pa-
tients in each group developed Clostridioides difficile diarrhoea 
and 20% developed candidaemia.

Multivariate logistic regression analysis showed statistically 
significant associations between different variables and 30 day 
and 60 day mortality rates. Septic shock at the time of infection 

was associated with an increased risk of 30 day and 60 day mor-
tality by 7-fold and 5-fold, respectively (Table 3, Figure 3).

Patients with BMI ≥30 kg/m2 and active malignancy were at 
higher risk of mortality with OR = 2.2 (95% CI 0.95–4.8; P = 0.07) 
and 3.43 (95% CI 1.16–10.04; P = 0.03).

The appropriate dosing and duration of ≥7 days of ceftazi-
dime/avibactam was associated with a 30% decreased risk of 
30 day mortality. Interestingly, patients with a history of infec-
tion with CRE within the last year before the current infection 
were associated with a 20% lower risk of 30 day mortality 
(Table 3).

Combination therapy may be associated with more severe in-
fection, a potential confounder of poor clinical outcomes. 
Therefore, a propensity score was calculated, and multiple 
regression analysis showed that adjusted OR for combination 
therapy in association with 30 day mortality was 1.5 (95% CI 
0.61–3.64); P = 0.38, and in association with 60 day mortality 
was 1.24 (95% CI 0.35– 4.42); P = 0.75.

Table 1. Continued  

Monotherapy 
N = 119

Combination therapy 
N = 92

Total 
N = 211 P value

Bacteraemia 26 (22) 28 (30.4) 54(25.6)
CRBSI 6 (23) 5 (17.9) 11 (20)
IAI 11 (9) 4 (4.3) 15 (7)
SSTI, osteomyelitis, SSI 14 (11.8) 22 (24) 36 (17)
PJI, infected hardware 3 (2.5) 3 (3.3) 6 (2.8)

CAZ/AVI therapy information
Initial dose, n (%)

2500 mg 69 66 135 (64) 0.67
1250 mg 21 8 29 (13.7)
940 mg 29 18 47 (22.3)

Maintenance dose, n (%)
2500 mg 63 72 135 (64) 0.87
1250 mg 19 15 34 (16.1)
940 mg 37 15 52 (25)

Frequency, n (%)
q8h 82 76 158 (75) 0.69
q12h 20 10 30 (14.2)
q24h 13 4 17 (8)
q48h 4 2 6 (3)

CLCR at initiation, mL/min, mean ± SD 64 ± 47 84 ± 54 74 ± 51 0.019
Appropriate dose, n (%) 93 (78) 71 (77) 164 (77.7) 0.55
Time from identifying CRE until CAZ/AVI initiation, days, median 1 1 1 0.334
Adequate source control, n (%) 49 (42) 41 (45) 90 (43) 0.349
Duration of therapy, days, mean (SD) 14 ± 10 17 ± 15 16 ± 13 0.08

Combination therapy information
Combination agent, n (%)

Colistin 0 25 (27) 25 (11.8)
Tigecycline 0 16 (17.4) 16 (8)
Amikacin 0 10 (11) 10 (5)
Aztreonam 0 41 (45) 41 (19)
Gentamicin 0 18 (20) 18 (9)

CRBSI, central line-related bloodstream infection; SSTI, skin/soft tissue infection; SSI, surgical site infection; PJI, prosthetic joint infection; CAZ/AVI, cef-
tazidime/avibactam.
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Discussion
To the best of our knowledge, this is the largest study that has 
evaluated ceftazidime/avibactam efficacy and safety in infec-
tions secondary to CP-CRE with OXA-48 genes. Our study included 

171 patients with infections caused by CP-CRE with OXA-48 genes 
and 40 patients with NDM ± OXA-48. Clinical cure and 30 day 
mortality rate among patients with infections caused by CP-CRE 
with OXA-48 ± NDM genes treated with ceftazidime/avibactam 
were 78% and 21%, respectively. In particular, 79% of patients 

Figure 2. Final disposition of patients with CP-CRE stratified by ID diagnosis. PNA, pneumonia; ABSSSI, acute bacterial skin and skin structure infection; 
OM, osteomyelitis; SSI, surgical site infection; Others includes intra-abdominal infection, infected hardware, prosthetic joint infection; CC, clinical cure; 
30-D, 30 day.

Table 2. Outcomes of interest

Clinical outcomes

Monotherapy, 
N = 119 

(OXA-48 = 119)

Combination therapy, 
N = 92 

(OXA-48 = 52; 
NDM = 40)

Total, 
N = 211 P value

Clinical cure, n (%) 103 (87) 62 (67.4) 165 (78.2) 0.001
Isolates with OXA-48 gene 103 (87) 32 (61.5) 135 (79) 0.0001
Isolates with NDM ± OXA-48 genes 0 30 (75)

30 day mortality, n (%) 19 (16) 25 (27) 44 (21) 0.05
Isolates with OXA-48 gene 19 (16) 18 (34.6) 37 (21.6) 0.006
Isolates with NDM ± OXA-48 genes 0 7 (17.5)

60 day mortality, n (%) 24 (20.2) 33 (36) 57 (27) 0.011
Isolates with OXA-48 gene 24 (20.2) 23 (44) 47 (27.5) 0.001
Isolates with NDM ± OXA-48 gene 0 10 (25)

Relapse within 30 days of completion of CAZ/AVI course, n (%) 9 (7.6) 12 (13) 21 (10) 0.19
Isolates with OXA-48 gene 9 (7.6) 6 (11.5) 15 (8.8) 0.42
Isolates with NDM ± OXA-48 genes 0 6 (15)

Adverse drug reactions, n (%)
AKI related to antimicrobial agent 8 (6.7) 8 (8.7) 16 (8) 0.652
C. difficile infection 5 (4.2) 4 (4.3) 9 (4) 0.982
Rash resulting in discontinuing CAZ/AVI 1 (0.8) 0 1(0.5)
Liver function tests elevated (AST/ALT) 4 (3.4) 4 (4.3) 8 (3.8)

Development of invasive fungal infection, n (%) 28 (23.5) 19 (21) 47 (22.8) 0.955
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achieved clinical cure and 21.6% died within 30 days of the onset 
of CP-CRE infection with OXA-48. Our results are consistent with 
those reported by Sousa et al.,7 where 30 day mortality was 
22.8% among a cohort of 57 patients with CP-CRE OXA-48 and 
a clinical cure rate of 77%. Local data from Saudi Arabia have 
evaluated ceftazidime/avibactam for treatment of infection 
with CP-CRE OXA-48 and found a 30 day mortality rate of 20% 

(2/10) compared with 39.3% (11/28) for patients treated with 
other agents.10 De la Calle et al.8 showed a lower mortality rate 
(8.3%; 2/24) for patients having CP-CRE with OXA-48 infection 
treated with ceftazidime/avibactam. Certainly, small sample 
size would potentially over- or under-estimate the impact of cef-
tazidime/avibactam, as in all previously mentioned studies.7,8,10

Evidently, cumulative data consistently proved the association 

Table 3. Multivariate logistic regression analysis for 30 day and 60 day mortality

Variables

30 day mortality 60 day mortality

OR (95% CI) P OR (95% CI) P value

Charlson score 1.38 (1.15–1.65) 0.001
BMI ≥ 30 kg/m2 2.2 (0.95–4.8) 0.066 3.25 (1.01–10.4) 0.047
Pneumonia 3.2 (1.35–7.48) 0.008
Active malignancy 3.43 (1.16–10.04) 0.026 4.9 (0.79–30.3) 0.087
Septic shock 7.2 (3.01–17.3) 0.001 4.9 (1.22–19.8) 0.025
Bacteraemia 6 (1.38–25.87) 0.017
Duration of therapy ≥7 days 0.3 (0.10–0.85) 0.025 0.12 (0.01–1.23) 0.074
Appropriate dose 0.32 (0.14–0.77) 0.011
History of infection with CRE in last year 0.14 (0.05–0.43) 0.001

Figure 3. Illustration of final disposition of critically ill patients with CP-CRE. NIV, non-invasive ventilation; HD, haemodynamically.
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of lower mortality rate and higher clinical cure with treatment 
of CP-CRE encoded with the OXA-48 gene with ceftazidime/ 
avibactam compared with best available options.7,8,10 Of 
note, in this study, the 30 day mortality among 40 patients 
who received a combination of ceftazidime/avibactam and az-
treonam for infections caused by CP-CRE with NDM ± OXA-48 
genes was 17.5%, with a clinical cure rate of 75%, which is consist-
ent with those reported by Falcone et al.11 Although our patient co-
hort is considered small, it clearly highlights the efficacy of 
combining ceftazidime/avibactam with aztreonam for CP-CRE 
with NDM ± OXA-48 genes by achieving results consistent with 
Falcone et al.11 Multivariate logistic regression analysis revealed 
factors independently associated with higher 30 day mortality in-
cluded high Charlson score, patients with HAP/VAP, active malig-
nancy and septic shock at presentation. It is noteworthy that 
our study was conducted during the first wave of COVID-19 in 
Saudi Arabia, which could have contributed to the increased risk 
of death among patients with VAP. Moreover, the 30 day mortality 
rate is well known to be higher in patients with active malignancies 
and infections with CRE compared with those without active 
malignancies.12,13

A 7 day duration of ceftazidime/avibactam therapy and ap-
propriate dosing have been associated with a 30% reduction in 
30 day mortality. Interestingly, patients with a history of previous 
infection with CRE are at 20% lower risk of death within 30 days of 
infection. Our study is the first to address such an association, 
which has not been rationalized before. It is out of the scope of 
this study to elaborate on this association; however, this could 
open doors for future discussion on the impact of subsequent in-
fections of CRE and immunity memory formation, therefore exhi-
biting a better response manifested in improved survival rate. 
Combination therapy with ceftazidime/avibactam for treatment 
of CP-CRE with OXA-48 seems to lack positive impact on survival, 
clinical cure and relapse. This finding is consistent with other 
studies on CP-CRE with OXA-48 and CP-CRE with KPC.7,10,14

Relapse within 30 days post completion of ceftazidime/avibac-
tam was 10% among our cohort, agreeing with results from 
Hakem et al.15

The favourable safety profile of ceftazidime/avibactam- 
based therapy is one of the properties that has helped 
ceftazidime/avibactam to replace other agents and gain more 
attention in clinical practice. Our results demonstrated a lower 
rate of AKI (8%) during ceftazidime/avibactam therapy com-
pared with local data.15,16 Moreover, the majority of the 25% 
of our patients who received nephrotoxic antimicrobial agents 
for a mean duration of 13 days were critically ill. AKI in such pa-
tients is multifactorial and cannot be correlated with a single 
aetiology.

Conclusions
This study was the largest study to evaluate clinical outcomes 
associated with CP-CRE harbouring OXA-48 infections treated 
with ceftazidime/avibactam. Clinical cure and 30 day mortality 
were consistent with those of previous studies. The findings 
suggested that combination therapy with ceftazidime/avibac-
tam had no direct impact on clinical outcomes. The patients 
who presented with septic shock appeared to be at the highest 
risk of mortality.

Acknowledgements
H.A. acknowledges academic support from the College of Pharmacy at 
Princess Nourah bint Abdulrahman University and King Abdullah 
International Medical Research Center.

Funding
This study was carried out as part of our routine work.

Transparency declarations
There are no financial interests or personal relationships that may be con-
sidered as potential competing interets to be disclosed.

Authors contributions
H.A. and A.A. designed the study methodology. N.A., A.A., R. Almousa and 
R. Albagi collected the data. H.A. and F.F. analysed the data and reviewed 
initial draft of the manuscript. All authors agreed on final version of the 
manuscript for final submission.

Data availability
Datasets are available upon request from the first author (H.A.; Hajar. 
alqahtani99@gmail.com) on reasonable request, as long as this meets lo-
cal ethics and research government criteria.

References
1 CDC. Antibiotic resistance threats in the United States 2019. https://www. 
cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf.
2 Rodriguez OL, Sousa A, Perez-Rodriguez MT et al. Mortality-related fac-
tors in patients with OXA-48 carbapenemase-producing Klebsiella pneu-
moniae bacteremia. Medicine (Baltimore) 2021; 100: e24880. https:// 
doi.org/10.1097/MD.0000000000024880
3 Van Duin D, Doi Y. The global epidemiology of carbapenemase- 
producing Enterobacteriaceae. Virulence 2017; 8: 460–9. https://doi.org/ 
10.1080/21505594.2016.1222343
4 Al-Abdely H, AlHababi R, Dada HM et al. Molecular characterization of 
carbapenem-resistant Enterobacterales in thirteen tertiary care hospitals 
in Saudi Arabia. Ann Saudi Med 2021; 41: 63–70. https://doi.org/10.5144/ 
0256-4947.2021.63
5 Karaiskos I, Galani I, Souli M et al. Novel β-lactam-β-lactamase inhibitor 
combinations: expectations for the treatment of carbapenem-resistant 
Gram-negative pathogens. Expert Opin Drug Metab Toxicol 2019; 15: 
133–49. https://doi.org/10.1080/17425255.2019.1563071
6 FDA. AVYCAZ (ceftazidime and avibactam) for injection, for intravenous 
use. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/2064 
94s005,s006lbl.pdf.
7 Sousa A, Perez-Rodriguez MT, Soto A et al. Effectiveness of ceftazidime/ 
avibactam as salvage therapy for treatment of infections due to OXA-48 
carbapenemase-producing Enterobacteriaceae. J Antimicrob Chemother 
2018; 73: 3170–5. https://doi.org/10.1093/jac/dky295
8 De la Calle C, Rodriguez O, Morata L et al. Clinical characteristics and 
prognosis of infections caused by OXA-48 carbapenemase-producing 
Enterobacteriaceae in patients treated with ceftazidime-avibactam. Int 
J Antimicrob Agents 2019; 53: 520–4. https://doi.org/10.1016/j. 
ijantimicag.2018.11.015

8

mailto:Hajar.alqahtani99@gmail.com
mailto:Hajar.alqahtani99@gmail.com
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf.
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf.
https://doi.org/10.1097/MD.0000000000024880
https://doi.org/10.1097/MD.0000000000024880
https://doi.org/10.1080/21505594.2016.1222343
https://doi.org/10.1080/21505594.2016.1222343
https://doi.org/10.5144/0256-4947.2021.63
https://doi.org/10.5144/0256-4947.2021.63
https://doi.org/10.1080/17425255.2019.1563071
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/206494s005,s006lbl.pdf.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/206494s005,s006lbl.pdf.
https://doi.org/10.1093/jac/dky295
https://doi.org/10.1016/j.ijantimicag.2018.11.015
https://doi.org/10.1016/j.ijantimicag.2018.11.015


Efficacy of ceftazidime/avibactam for treatment of CRE                                                                                  

9 Balkhy HH, El-Saed A, Alshamrani MM et al. High burden of resistant 
Gram negative pathogens causing device-associated healthcare infections 
in a tertiary care setting in Saudi Arabia 2008–2016. J Glob Antimicrob Resist 
2020; 23: 26–32. https://doi.org/10.1016/j.jgar.2020.07.013
10 Alraddadi BM, Saeedi M, Qutub M et al. Efficacy of 
ceftazidime-avibactam in the treatment of infections due to 
carbapenem-resistant Enterobacteriaceae. BMC Infect Dis 2019; 19: 
772. https://doi.org/10.1186/s12879-019-4409-1
11 Falcone M, Daikos GL, Tiseo G et al. Efficacy of ceftazidime-avibactam 
plus aztreonam in patients with bloodstream infections caused by 
metallo-β-lactamase-producing Enterobacterales. Clin Infect Dis 2021; 
72: 1871–8. https://doi.org/10.1093/cid/ciaa586
12 Pagano L, Caira M, Trecarichi EM et al. Carbapenemase-producing 
Klebsiella pneumoniae and hematologic malignancies. Emerg Infect Dis 
2014; 20: 1235–6. https://doi.org/10.3201/eid2007.130094
13 Trecarichi EM, Pagano L, Martino B et al. Bloodstream infections 
caused by Klebsiella pneumoniae in onco-hematological patients: 

clinical impact of carbapenem resistance in a multicentre prospective 
survey. Am J Hematol 2016; 91: 1076–81. https://doi.org/10.1002/ajh. 
24489
14 Fiore M, Alfieri A, Di Franco S et al. Ceftazidime-avibactam 
combination therapy compared to ceftazidime-avibactam mono-
therapy for the treatment of severe infections due to carbapenem- 
resistant pathogens: a systematic review and network meta- 
analysis. Antibiotics 2020; 9:388. https://doi.org/10.3390/antibiotics 
9070388
15 Hakeam HA, Alsahli H, Albabtain L et al. Effectiveness of 
ceftazidime-avibactam versus colistin in treating carbapenem-resistant 
Enterobacteriaceae bacteremia. Int J Infect Dis 2021; 109: 1–7. https:// 
doi.org/10.1016/j.ijid.2021.05.079
16 Almangour TA, Ghonem L, Aljabri A et al. Ceftazidime-avibactam ver-
sus colistin for the treatment of infections due to carbapenem-resistant 
Enterobacterales: a multicenter cohort study. Infect Drug Resist 2022; 
15: 211–21. https://doi.org/10.2147/IDR.S349004

9

https://doi.org/10.1016/j.jgar.2020.07.013
https://doi.org/10.1186/s12879-019-4409-1
https://doi.org/10.1093/cid/ciaa586
https://doi.org/10.3201/eid2007.130094
https://doi.org/10.1002/ajh.24489
https://doi.org/10.1002/ajh.24489
https://doi.org/10.3390/antibiotics9070388
https://doi.org/10.3390/antibiotics9070388
https://doi.org/10.1016/j.ijid.2021.05.079
https://doi.org/10.1016/j.ijid.2021.05.079
https://doi.org/10.2147/IDR.S349004

	Introduction
	Methods
	Study design and setting
	Study population
	Microbiological tests
	Antimicrobial therapy
	Definitions
	Outcomes
	Statistical analysis

	Results
	Outcomes of interest

	Discussion
	Conclusions

	Acknowledgements
	Funding
	Transparency declarations
	Authors contributions

	Data availability
	References



