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Purpose: Ceftazidime-avibactam (CZA), a novel beta-lactam/beta-lactamase inhibitor, plays an important role in the threat of 
emerging carbapenem-resistant Enterobacterales (CRE) infection. The study aims to analyze the clinical effectiveness and factors 
influencing treatment response to CZA for carbapenem-resistant Klebsiella pneumoniae (CRKP) infections.
Patients and Methods: From February 2020 to December 2021, patients with CRKP infection treated with CZA were enrolled in 
this retrospective, single-center cohort study in northern Taiwan. The primary outcome was 28-day survival rate. The secondary 
outcomes were clinical success, and microbiological cure. Multivariate regression analysis was used to evaluate factors associated with 
28-day survival.
Results: A total of 142 patients treated with CZA alone (n=82) or in combination therapy (n=60) were included. We found 28-day 
survival rate, microbiological cure, and clinical success rate were 78% (111/142), 86% (87/101), and 48% (63/132), respectively. In 
multivariate analysis, there were no significant differences in 28-day survival between monotherapy group and combination therapy 
group (P=0.424). A relative lower microbiological cure rate can be observed in lower respiratory tract infection from univariate 
analysis (P=0.07). In addition, significantly better survival was observed in patients with creatinine clearance rate (CCr) ≥50 mL/min 
than CCr <50 mL/min (P=0.005).
Conclusion: CZA is an effective and important treatment option for CRKP infection even when it is treated as monotherapy. In 
patients with impaired renal function, a potential impact of CZA dose adjustments on poor survival outcomes has been observed, 
indicating the need for further research to determine optimal renal dose adjustment strategies.
Keywords: enterobacterales, Klebsiella pneumoniae, ceftazidime-avibactam

Introduction
Over the past two decades, carbapenem-resistant Enterobacterales (CRE) has emerged as a significant threat worldwide 
and has also been associated with increased mortality rate.1

The most common CRE in Taiwan are Klebsiella pneumoniae carbapenemase–producing K. pneumoniae (KPC-Kp) 
and OXA-48-like carbapenemase producing pathogens.2,3 Ceftazidime-avibactam (CZA), a new β-lactam/β-lactamase 
inhibitor combination agent, is considered as a preferred treatment option for CRE in addition to colistin.4,5 It was 
previously concluded that in vitro multicenter studies in Taiwan reported the susceptibility rates of CZA for E. coli, 
K. pneumoniae, and P. aeruginosa as 99%, 100%, 91%, respectively.6 Even for the multidrug-resistant Enterobacterales, 
CZA still retained more than 90% in vitro susceptibility rates in Taiwan (96.7% in ESBL and 91.7% in KPC).7

Based on randomized controlled trials,8–11 The US Food and Drug Administration (FDA) approved CZA for the 
treatment of complicated urinary tract infections and complicated intra-abdominal infections (cIAI) in 2015 and 
nosocomial pneumonia in 2018. After approval, CZA utilization has increased, accompanied by a decline in the usage 
of Colistin for the treatment of carbapenem-resistant gram-negative bacterial infection.12 Real world cohort studies 
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showed CZA improved the clinical response with reduced mortality in patients infected by CRE in comparison to other 
treatment options.13,14 Taiwan FDA also approved CZA as the empirical treatment option for urinary tract infection 
(UTI), cIAI and nosocomial pneumonia in 2019.

However, there is still limited experience on the clinical use of CZA for CRE in Taiwan. The aim of this study is to 
evaluate the effectiveness and epidemiology of CZA for treating carbapenem-resistant K. pneumoniae (CRKP) infection 
in a single medical center in northern Taiwan.

Materials and Methods
Study Design and Patients Selection
In this retrospective, single-center cohort study, patients were included between February 20, 2020, and December 31, 
2021, at Far Eastern Memorial Hospital in northern Taiwan. Patients were enrolled in this study with the following 
eligible criteria: (1) older than 20 years of age at admission (2) culture proved CRKP infection (3) received CZA 
treatment for more than 72 hours.

This study was approved by the institutional review board in Far-Eastern Memorial Hospital (IRB number 112195-E) 
under the ethical standards outlined in the Declaration of Helsinki and the requirement for written informed consent was 
waived by the IRB because the data analyzed did not contain identifiable information.

Patient and Infection Profiles
Pharmacy records and patient information were reviewed and collected using standard case record forms. Infections 
were defined according to the Centers for Disease Control and Prevention/National Healthcare Safety Network 
Surveillance Definitions for Specific Types of Infections.15 Charlson comorbidity index and other comorbidity 
profiles were documented at admission.16 Sequential Organ Failure Assessment (SOFA) score, INCREMENT-CPE 
score, and either the presence or absence of septic shock was assessed at infection onset (septic shock was defined as 
sepsis associated with hypotension and perfusion abnormalities despite the provision of adequate volume 
resuscitation).17–19 The definition of acute kidney injury (AKI) was followed the latest KDIGO guideline.20 We 
documented the initial clinical symptoms of each infection episode, including fever, dyspnea, purulent sputum, 
purulent wound discharge, abdominal pain, dysuria, as recorded in the electronic medical records. The definition of 
clinical success was either complete resolution or remarkable improvement of non-microbiological indicators 
(ie radiological imaging and laboratory tests) along with initial clinical symptoms (ie fever, dyspnea, purulent 
sputum, purulent wound discharge, abdominal pain and dysuria) within a 7-day period following CZA treatment. 
Time to active antibiotics was defined as the period from culture collection to the administration of CZA or other 
active antibiotics.

Microbiology and Antibiotic Regimens
Antibiotic susceptibility testing was performed by using automachine Vitek 2 system (bioMérieux Inc. Hazelwood, MO, 
USA), supplement by E test (bioMérieux), as indicated. Carbapenem resistance was defined as the value of minimal 
inhibitory concentration of imipenem or meropenem according to the criteria of CLSI guidelines.21

Treatment and Outcomes Statistical Analysis
CZA was administrated intravenously, given at standard dose of 2.5 g slowly infusion for 3 hours every 8 hours with 
renal dose adjustment based on estimated creatinine clearance rate (CCr, Cockcroft-Gault equation).22 We defined 
combination therapy as treatment that includes at least one additional agent targeting Gram-negative pathogens, 
co-administered with CZA for more than 3 days.

The primary outcome was 28-day survival rate after administration of CZA. Secondary outcomes included clinical 
success and microbiological cure. Microbiological cure was defined as culture-confirmed eradication of the pathogen at 
the end of the treatment in cases with repeat cultures.
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Statistical Analysis
Basic characteristics of the patients were evaluated by descriptive statistics. Discrete data were presented with numbers 
and percentages, and continuous data were presented with medians and interquartile ranges (IQRs). The Mann–Whitney 
U-test was used to compare continuous variables, and chi-square tests were applied for evaluating categorical variables. 
Two-tailed P-values of <0.05 were used to determine statistical significance. Univariate and multivariate logistic 
regression analysis was used to identify risk factors associated with 28-day mortality, clinical success, and microbiolo-
gical cure. Variables from univariate analysis with P values of less than 0.10 were included in the multivariate model. 
Survival analysis was done by using the Kaplan–Meier method. All statistical analyses were performed with IBM SPSS 
Statistics for Windows, version 26.0 (IBMCorp., Armonk, N.Y., USA).

Results
Clinical and Microbiological Characteristics
Baseline characteristics of our subjects were summarized in Table 1 and patients stratified by monotherapy and 
combination therapy were compared in Table 2. A total of 142 adults with CRKP infections who received at least 
72 hours of CZA therapy were included. The median age was 74 years old with range from 39 to 97 years old while 58% 
(83/142) of the patients were male. Only 5 patients co-infected with carbapenem-resistant Pseudomonas aeruginosa 
(CRPA), and the rest were monomicrobial CRKP infection. The major common co-morbidity was diabetes mellitus, 
which accounted for nearly half of the patients (69/142, 48%). Among these patients, 55% (78/142) required mechanical 
ventilation, and estimated 17% of them experienced septic shock (25/142). Lower respiratory tract infection (LRTI) 
occupied the largest proportion of infection source (65/142, 46%), followed by 20% (29/142) of them were primary 
bacteremia. Higher INCREMENT-CPE score (P<0.001), higher SOFA score (P=0.001), and higher percentage of septic 
shock (P<0.001) were observed in patients with bacteremia compared to those without bacteremia. E tests were 
performed on 22 CRKP isolates, and 21 of them (95.5%) were found to be susceptible to CZA.

Treatment Strategies and Outcomes
As shown in Table 1, the median duration of CZA therapy was 14 days (IQR, 8–18 days). About 40% of all infections 
were treated with combination regimen. Figure S1 showed the distribution of agents that were prescribed with CZA as 
combination therapy. In our patient population, the most frequently combined antimicrobial agent with CZA was colistin 
(37%), followed by fluoroquinolones (24%). According to Table 2, usage of combination therapy was significantly more 
frequent in patients with mechanical ventilation (73% vs 41%, P<0.001), and less frequent in patient with UTI (P=0.01). 
Patients receiving combination therapy exhibited significantly higher INCREMENT-CPE (P=0.03) and SOFA scores 
(P<0.001). Additionally, combination therapy group had higher incidence of AKI than monotherapy group (27% vs 9%, 
P=0.004).

The 28-day survival rate in our study population was 78%. Microbiological cure rate was 86% among the patients, 
and additionally, 46% of them achieved clinical success within 7 days of CZA treatment. There was statistically 
significant difference between bacteremic group and non-bacteremic group in 28-day survival rate (59% vs 83%, 
P=0.002). Similar result was also noticed in Kaplan–Meier survival analysis that significantly higher survival was 
observed in non-bacteremic group than those in bacteremic group (P=0.001) (Figure 1A). In addition, Figure 1B and 
C demonstrated significantly higher survival rate in patients with CCr≥50 than CCr<50 (P=0.005), and in patients with 
monotherapy than combination therapy (P=0.046), respectively.

Predictors Associated with 28-Day Survival Rate
Univariate and multivariate analysis for the factors associated with 28-day survival rate after administration of CZA were 
demonstrated in Table 3. Patient with higher SOFA score and INCREMENT-CPE score ≥8, bacteremia, received 
combination therapy, using mechanical ventilation, septic shock and impaired renal function were associated with non- 
survival. Patients without bacteremia, who received monotherapy, and those with better renal function (CCr≥50) had 
better survival rate.
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Table 1 Characteristics of Patients with Different Infection Sources

All 
Infection 
(n=142)

Bacteremia 
(n=29)

Non- 
Bacteremia 

(n=113)

P Value  
(Bacteremia vs 

Non-Bacteremia)

LRTI (n=65) UTI (n=26) IAI (n=15) SSTI (n=7)

Males 83 (58%) 15 (52%) 68 (60%) 0.16 42 (65%) 11 (42%) 9 (60%) 6 (86%)

Ages, median (IQR), yrs 74 (65–81) 74 (62–84) 74 (65–81) 0.57 76 (67.5–82.5) 76 (64.75–81.5) 68 (58–76) 58 (51–65)
Combine with CRPA infection 5 (4%) 1 (3%) 4 (4%) 0.98 2 (3%) 0 1 (7%) 1 (14%)

Comorbidities
COPD 31 (22%) 5 (17%) 26 (23%) 0.68 19 (29%) 6 (23%) 1 (7%) 0
CHF 21 (15%) 5 (17%) 16 (14%) 0.5 15 (23%) 1 (4%) 0 0

Solid tumor 39 (27%) 12 (41%) 27 (24%) 0.06 10 (15%) 4 (15%) 9 (60%) 4 (57%)

Hematologic malignancy 4 (3%) 2 (7%) 2 (2%) 0.14 2 (3%) 0 0 0
Liver disease 26 (18%) 5 (17%) 21 (19%) 0.87 13 (20%) 3 (12%) 2 (30%) 3 (43%)

Diabetes Mellitus 69 (49%) 14 (48%) 55 (49%) 0.97 32 (49%) 14 (54%) 7 (47%) 2 (29%)

Mechanical ventilation 78 (55%) 15 (52%) 63 (56%) 0.7 46 (71%) 8 (31%) 7 (47%) 2 (29%)
Septic shock 25 (18%) 13 (45%) 12 (11%) <0.001 10 (15%) 1 (4%) 1 (7%) 0

Severity of illness
INCREMENT, median (IQR) 3 (3–7) 10 (6–12) 3 (3–3) <0.001 3 (3–7) 3 (3–3) 3 (3–3) 3 (3–3)
INCREMENT≥8 26 (18%) 16 (55%) 10 (9%) <0.001 7 (11%) 2 (8%) 1 (7%) 0

Charlson comorbidity index, 
median (IQR)

6 (4–7) 7 (4.5–8.5) 6 (4–7) 0.07 6 (5–7) 6.5 (4–9) 6 (4–8) 6 (3–7)

SOFA, median (IQR) 4 (2–7) 5 (3–12) 4 (2–6) 0.001 5 (3–7) 3 (1.75–4.5) 2 (1–5) 4 (0–10)

Renal function
CCr≥50 67 (47%) 7 (24%) 60 (53%) 0.005 33 (51%) 14 (54%) 9 (60%) 4 (57%)
50>CCr≥10 45 (32%) 14 (48%) 31 (27%) 0.03 20 (31%) 7 (27%) 3 (20%) 1 (14%)

CCr<10 (without dialysis) 2 (1%) 0 2 (2%) 0.47 1 (2%) 1 (4%) 0 0
Dialysis 28 (20%) 8 (28%) 20 (18%) 0.23 11 (17%) 4 (15%) 3 (20%) 2 (29%)

CCr<30 50 (35%) 17 (59%) 33 (29%) 0.003 18 (28%) 10 (38%) 4 (27%) 1 (14%)

Therapy
Time to active antibiotics, 
median (IQR), days

4 (1.75–5) 4 (1.5–5) 4 (1.5–5) 0.32 4 (1.5–5) 4 (0.75–5) 4 (0–6) 4 (4–8)

Time to CTZ-AVI, median (IQR), 
days

4 (4–6) 4 (3.5–6) 4 (4–6) 0.17 4 (4–6.5) 4 (3–5) 6 (4–8) 4 (4–8)

Therapy duration, median (IQR), 
days

14 (8–18) 15 (7–18) 14 (8–17.5) 0.74 14 (10.5–17) 8 (5.75–15) 18 (13–22) 13 (11–29)

Monotherapy 82 (58%) 17 (59%) 65 (58%) 0.92 33 (51%) 21 (81%) 7 (47%) 4 (57%)

Combination therapy 60 (42%) 12 (41%) 48 (42%) 0.92 32 (49%) 5 (19%) 8 (53%) 3 (43%)

Combine 1 agent 52 (37%) 9 (31%) 43 (38%) 0.48 27 (42%) 5 (19%) 8 (53%) 3 (43%)

https://doi.org/10.2147/ID
R

.S475679                                                                                                                                                                                                                                   

D
o

v
e

P
r
e

s
s
                                                                                                                                                      

Infection and D
rug Resistance 2024:17 

5366

Yu et al                                                                                                                                                                
D

o
v

e
p

r
e

s
s

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Combine 2 agents 8 (6%) 3 (10%) 5 (5%) 0.22 5 (8%) 0 0 0

Combine with Colistin 24 (17%) 4 (14%) 20 (18%) 0.62 16 (25%) 1 (4%) 3 (20%) 0
Outcome

In-hospital mortality 36 (25%) 14 (48%) 22 (19%) 0.002 15 (23%) 3 (12%) 3 (20%) 1 (14%)

14-day survival 125 (88%) 20 (69%) 105 (93%) <0.001 60 (92%) 24 (92%) 14 (93%) 7 (100%)
28-day survival 111 (78%) 17 (59%) 94 (83%) 0.002 52 (80%) 24 (92%) 12 (80%) 6 (86%)

Microbiological curea 87 (86%) 24 (96%) 63 (83%) 0.1 39 (80%) 13 (93%) 6 (75%) 5 (100%)

Clinical successb 63 (48%) 9 (33%) 54 (51%) 0.09 36 (56%) 13 (62%) 4 (29%) 1 (17%)
AKI 23 (20%) 7 (30%) 16 (17%) 0.15 15 (27%) 0 1 (8%) 0

Notes: a101 of 142 patients had culture follow up to prove microbiological negative or not, including 24 of bacteremia, 49 of LRTIs, 14 of UTIs, 8 of IAIs, 5 of SSTIs; b10 of 142 patients did not reach 7 days treatment. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; LRTI, lower respiratory tract infection; UTI, urinary tract infection; IAI, intra-abdominal infection; SSTI, skin and soft tissue infection; CCr, 
creatinine clearance rate; IQR, interquartile range; CRPA, Carbapenem-resistant Pseudomonas aeruginosa; AKI, acute kidney injury.
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Table 2 Patients Treated with Monotherapy versus Combination Therapy

Monotherapy 
(n=82)

Combination Therapy 
(n=60)

P value  
(Monotherapy vs Combination 

Therapy

Males 44 (54%) 39 (65%) 0.18

Ages, median (IQR), years 75 (65–82.25) 72 (63.5–79.5) 0.39

Comorbidities

COPD 14 (17%) 7 (12%) 0.37

CHF 23 (28%) 8 (13%) 0.04

Solid tumor 17 (21%) 22 (37%) 0.04

Hematologic malignancy 2 (2%) 2 (3%) 0.75

Liver disease 15 (18%) 11 (18%) 0.99

Diabetes Mellitus 43 (52%) 26 (43%) 0.28

Mechanical ventilation 34 (41%) 44 (73%) <0.001

Septic shock 12 (15%) 13 (22%) 0.28

Renal function

CCr≥50 38 (46%) 29 (48%) 0.81

50>CCr≥10 27 (33%) 18 (30%) 0.71

CCr<10 (without dialysis) 1 (1%) 1 (2%) 0.82

Dialysis 16 (20%) 12 (20%) 0.94

CCr<30 28 (34%) 26 (43%) 0.76

Therapy

Time to active antibiotics, median (IQR),days 4 (3–5) 4 (1–5) 0.44

Time to CTZ-AVI, median (IQR), days 5 (4–6) 4 (3–6) 0.02

Therapy duration, median (IQR), days 14 (8–16) 14.5 (9–20.5) 0.1

Bacteremic infections

Bacteremia 17 (21%) 12 (20%) 0.92

Primary bacteremia 4 (5%) 1 (2%) 0.59

Secondary bacteremia 13 (16%) 10 (17%) 0.59

Primary site

LRTI 5 (6%) 4 (7%) 0.94

UTI 4 (5%) 4 (7%) 0.65

IAI 1 (1%) 2 (3%) 0.39

SSTI 2 (2%) 0 0.19

CRBSI 1 (1%) 0 0.37

Nonbacteremic infections

LRTI 33 (40%) 32 (53%) 0.12

UTI 21 (26%) 5 (8%) 0.01

IAI 7 (9%) 8 (13%) 0.36

SSTI 4 (5%) 3 (5%) 0.97

Severity of illness

INCREMENT, median (IQR) 3 (3–6) 3 (3–7) 0.03

INCREMENT≥8 12 (15%) 14 (23%) 0.19

Charlson comorbidity index, median (IQR) 6 (5–7.25) 6 (4–7) 0.86

SOFA, median (IQR) 4 (2–6) 6 (3–10) <0.001

Outcome

In-hospital mortality 15 (18%) 21 (35%) 0.02

14-day survival 75 (91%) 50 (83%) 0.14

28-day survival 69 (84%) 42 (70%) 0.044

Microbiological cure 48 (87%) 39 (85%) 0.72

Clinical success (7 days) 41 (55%) 22 (39%) 0.07

AKI 7 (10%) 16 (32%) 0.004

Abbreviations: COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; LRTI, lower respiratory tract infection; UTI, urinary tract infection; IAI, intra 
abdominal infection; SSTI, skin and soft tissue infection; CCr, creatinine clearance rate; AKI, acute kidney injury; IQR, interquartile range.
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Figure 1 Kaplan–Meier Curves of Factors Associated with Survival (A) Kaplan–Meier curve of the impact of bacteremia or not on 30-day survival. Significantly higher 
mortality was observed in bacteremic group than in non-bacteremic group (P=0.001). (B) Kaplan–Meier curve of the impact of renal function (Cut off point: CCr 50) on 30- 
day survival. Significantly higher survival was observed in patients with CCr≥50 versus CCr<50 (P=0.005). (C) Kaplan-Meier curve of the impact of monotherapy or 
combination therapy on 30-day survival. Significantly higher survival was observed in patients with monotherapy versus combination therapy (P=0.046).

Table 3 Univariate and Multivariate Analysis of Factors Associated with 28-Day Survival

Survivors 
(n=111)

Nonsurvivors 
(n=29)

Univariate Multivariate

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

Males 66 (59%) 16 (55%) 0.68 1.19 (0.52–2.72)

Age, IQR 73 (63–81) 76 (65.5–80.5) 0.35 0.98 (0.95–1.02)
Comorbidities

COPD 16 (14%) 3(10%) 0.57 1.46 (0.40–5.40)

CHF 26 (23%) 5 (17%) 0.48 1.47 (0.51–4.23)
Solid tumor 27 (24%) 12 (41%) 0.07 0.46 (0.19–1.07) 0.128 0.25(0.04–1.49)

Hematologic malignancy 2 (2%) 2 (7%) 0.17 0.25 (0.03–1.84)
Liver disease 20 (18%) 6 (21%) 0.74 0.84 (0.30–2.34)

Diabetes Mellitus 57 (51%) 11 (38%) 0.2 1.73 (0.75–3.99)

Infection site
Bacteremia 17 (15%) 12 (41%) 0.003 0.26 (0.10–0.63) 0.750 0.72(0.09–5.53)

Non bacteremia 94 (85%) 17 (59%) 0.003 3.90 (1.5–9.26)

(Continued)
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In the multivariate analysis (Table 3), SOFA score was the only independent factor associated with poor 28-day 
survival outcome (aOR: 0.51, 95% C.I: 0.36–0.71, P<0.001).

Predictors Associated with Secondary Outcomes
The secondary outcomes were defined as clinical success and microbiological cure, which were shown in Tables S1 and S2. In 
univariate analysis, patients with bacteremia or received monotherapy were associated with less clinical success (Table S1), 
but neither one reached statistical significance in multivariate analysis (Table S1).

In addition, a multivariate analysis model indicated that solid tumor was a negative predictor for clinical success (aOR: 
0.34, 95% C.I: 0.14–0.82, P=0.017). As for microbiological cure (Table S2), there was no significant associated factor.

Discussion
With the increasing use of CZA in CRE infection worldwide, here we reported our real-world experience of CZA for 
CRKP infection in Taiwan. Our result of primary outcome, 28-day survival rate 78% in CRKP infection patients treated 
with CZA, was similar to previous literatures ranging from 66% to 83%.13,23,24 We also demonstrated negative 
associations between the SOFA scores of the patients and survival outcome.25 The overall microbiological cure rate of 
our study was 86%, of which the microbiological cure rate of LRTI group (80%) was relatively lower than the other 
infection source (89%). This finding was also reported by a recent subgroup analysis of the Phase 3 clinical trial that only 

Table 3 (Continued). 

Survivors 
(n=111)

Nonsurvivors 
(n=29)

Univariate Multivariate

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

LRTI 52 (47%) 11 (38%) 0.39 1.44 (0.62–3.33)

UTI 24 (22%) 2 (7%) 0.09 3.72 (0.83–16.79) 0.915 1.12(0.14–9.16)
IAI 12 (11%) 3 (10%) 0.94 1.05 (0.28–4.00)

SSTI 6 (5%) 1 (3%) 0.67 1.60 (0.19–13.84)

Treatment variables
Monotherapy 69 (62%) 12 (41%) 0.047 2.33 (1.01–5.35) 0.424 0.33(0.02–5.01)

Combination therapy 42 (38%) 17 (59%) 0.047 0.43 (0.19–0.99)
Combine 1 agent 36 (32%) 15 (52%) 0.06 0.45 (0.20–1.03) 0.865 0.80(0.07–9.99)
Combine 2 agents 6 (5%) 2 (7%) 0.76 0.77 (0.15–4.04)

Combine with Colistin 15 (14%) 8 (28%) 0.08 0.41 (0.15–1.09) 0.800 0.77(0.10–6.07)

Time to active antibiotics, 
IQR

4 (1–5) 4 (2–5) 0.56 1.04 (0.92–1.17)

Time to CTZ-AVI, IQR 5 (4–6) 4 (3–5.5) 0.72 1.02 (0.92–1.13)

Severity of illness
SOFA, IQR 3 (2–5) 11 (8–14.5) <0.001 0.59 (0.49–0.71) <0.001 0.51(0.36–0.71)
CCI, IQR 6 (4–7) 6 (5–8.5) 0.08 0.85 (0.72–1.02) 0.372 1.18(0.82–1.70)

INCREMENT≥8 10 (9%) 15 (52%) <0.001 0.09 (0.04–0.25) 0.691 0.46(0.01–22.22)
Mechanical ventilation 51 (46%) 25 (86%) <0.001 0.14 (0.04–0.42) 0.316 3.15(0.33–29.81)

Septic shock 11 (10%) 13 (45%) <0.001 0.14 (0.05–0.35) 0.645 2.48(0.05–118.02)

Renal status
CCr≥50 60 (54%) 7 (24%) 0.01 3.70 (1.46–9.36) 0.769 1.32(0.21–8.32)

50>CCr≥10 29 (26%) 14 (48%) 0.02 0.38 (0.16–0.88)
CCr<10 (without Dialysis) 1 (1%) 1 (3%) 0.34 0.26 (0.02–4.20)
Dialysis 21 (19%) 7 (24%) 0.53 0.73 (0.28–1.94)

CCr<30 35 (32%) 15 (52%) 0.046 0.43 (0.19–0.99) 0.749 1.35(0.21–8.53)

Notes: Bold text indicates statistically significant differences. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; LRTI, lower respiratory tract infection; UTI, urinary tract infection; IAI, intra 
abdominal infection; SSTI, skin and soft tissue infection; CCr, creatinine clearance rate; IQR, interquartile range; OR, odds ratio; CI, confidence interval.
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53% patients with ventilator-associated pneumonia reached microbiological eradication, comparing with 80% of all 
infections.26 Other cohort hypothesized that poor outcomes in LRTI patients treated with CZA is possibly related to 
drug’s pharmacokinetic properties for pulmonary infection and higher INCREMENT score in their LRTI group.27 

However, another conflict result of pharmacokinetic analysis stated that enough therapeutic concentration of CZA 
could be achieved in the epithelial lining fluid.28 Our study also found that, despite the LRTI group having a lower 
INCREMENT score compared to bacteremia group, it also displayed a lower microbiological cure rate. More evidence is 
needed for the relatively poor performance on microbiological cure of CZA treatment in LRTI.

The clinical success rate among our patients treated with CZA was 47%, slightly lower than reported in previous studies. In 
the literatures, the clinical success rate of the treatment ranges from 45% to 73%.12,14,24,29,30 The variabilities may come from 
inconsistent definition and evaluation timing for clinical success, different eligible criteria, and the different species isolated. 
Previous research found that CZA-treated patients with pneumonia had lower clinical success rates than other infection sites 
(aOR: 3.09, 95% C.I: 1.03–9.34, p=0.045)31 Furthermore, a recent retrospective observational study stated that the mortality 
was significantly higher among patients with LRTIs than in those with other types of infections.27 These findings differed from 
our results that LRTI group are higher than bacteremia group, whether in survival rate or clinical success rate. The results may 
be attributed to disease severity, such as higher SOFA score and INCREMENT-CPE score among our bacteremic patients.

Before CZA became available, combination of two or more selected active antibiotics were widely used for the 
treatment of CRE.32,33 However, in a recent retrospective observational multicenter study, the use of CZA monotherapy 
for patients with KPC-Kp infections revealed no significant difference in the 30-day mortality rate (26.1% vs 25.0%, 
P=0.79) when compared with the combination therapy.27 Furthermore, from three meta-analysis, the combination therapy 
of CZA for carbapenem-resistant gram-negative pathogens infection (GNIs) also showed no significant difference in 
mortality rate when compared to CZA monotherapy (OR: 0.96, 95% CI: 0.65–1.41,34 OR: 1.03, 95% CI: 0.79–1.34,35 

RR = 1.18, 95% CI 0.88–1.5836). A recent retrospective cohort study similarly showed no significant differences in 
clinical cure, in-hospital mortality, 30-day mortality, infection-related mortality, or microbiologic eradication between 
CZA combination therapy and monotherapy for treating Pseudomonas aeruginosa infections.37 In our survival analysis, 
we found higher 28-day survival rate in patients receiving CZA monotherapy compared to combination therapy. 
Furthermore, our multivariate analysis did not reveal any significant survival benefits in combination therapy group. 
These findings suggest that monotherapy with CZA may be as effective as combination therapy in treating CRE, in 
consistent with previous research results. The relative lower survival rate in our combination therapy group than 
monotherapy group may possibly be related to higher disease severity in cases received combination regimens.

Higher incidence of AKI was observed in combination therapy of CZA than in monotherapy. The most common 
antimicrobial agents combined with CZA in our patients were colistin, which is known for its nephrotoxicity. 
A retrospective cohort study reported that incident AKI in colistin group was associated with 6.1 times higher odds 
(95% CI 2.53, 14.71) of mortality than in CZA group.38 The issue that higher mortality associated with AKI in the 
patients treated with both CZA and colistin cannot be ignored.

Dose adjustment of CZA by renal function was usually performed when the CCr of the patient was lower than 50. From our 
study, survival benefit was shown in patient without dose adjustment from Kaplan–Meier survival analysis (Figures 1B and S2) 
and univariate regression analysis of 28-day survival rate (Table 3). According to a randomized-controlled trial, which compared 
CZA with meropenem for cIAI infection in clinical outcomes, less effectiveness with CZA in renal insufficiency was observed 
from subgroup analysis.8 Previous studies emphasized that the possible effect of this finding may be related to inappropriate dose 
adjustment in critically-ill patients.27,39 They stated that protocols for renal-dose adjustment of CZA are based mainly on data 
collected from individuals with stable chronic kidney disease (CKD). Moreover, they proposed deferral of dose adjustments 
within the first 48 hours of therapy for severe infectious events to improve outcomes. Besides, when the CCr of the patients was 
lower than 50, the dose of ceftazidime given in CZA was often lower than that of ceftazidime given alone. Further research may 
be necessary to assess the potential negative impact of CZA dose adjustments on survival outcomes, and the appropriate dosage 
for severe infectious chronic kidney disease (CKD) cases must be determined.

There are some limitations in our study. First of all, owing to retrospective, observational study design and limited 
number of patients included, the results may have been influenced by unrecognized factors. Second, only partial CRKP 
strains were evaluated by the E test for CZA, and we did not identify the resistant mechanism such as KPC or Oxa-48 
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like producing Klebsiella pneumoniae in a real-world setting, so whether treatment failure is related to ceftazidime- 
avibactam-resistant pathogens cannot be fully understood. In real-world practice, however, at the time of CZA available 
in Taiwan, the susceptibility testing such as E test was not yet widely adopted. Based on previous surveillance results, 
CZA demonstrated a remarkable susceptibility of 99.1% against Klebsiella pneumoniae in Taiwan.7 Although in recent 
years, there has been a noticeable increase in the minimum inhibitory concentration of CZA against CRKP, it still 
maintains favorable susceptibility in Taiwan, especially in the early stages of its implementation.40 Although the 
susceptibility of CRKP is not all available, limited isolates in our study demonstrated 95.5% susceptibility of CZA for 
CRKP via E test. The only patient in our cohort with CZA-resistant CRKP infection was switched to colistin after 4 days 
of CZA treatment and subsequently discharged successfully. Third, whether the patients received monotherapy or 
combination therapy depends on the decision of primary care clinicians and may have selection bias. Patients with 
higher disease severity could have higher opportunity to receive combination therapy.

Conclusion
In conclusion, we found that CZA is an effective and important treatment option for CRKP infection even when used as 
monotherapy. SOFA score is an independent factor associated with worse 28-day survival. In addition, poor survival 
outcome has been observed among patients with impaired renal function which, is consistent with previous cohort 
studies. Additional research is needed to determine optimal renal-dose adjustment strategies.

Disclosure
The authors report no conflicts of interest in this work.
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