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Background: Bloodstream infections (BSIs) caused by KPC-producing Klebsiella pneumoniae (KPC-Kp) are still as
sociated with high mortality, and the game-changing drug ceftazidime/avibactam has shown suboptimal 
pharmacokinetics in some clinical settings. Ceftazidime/avibactam renal dose adjustment has recently been 
identified as an independent risk factor for mortality.

Objectives: To investigate the effect of ceftazidime/avibactam renal dose adjustment on mortality.

Methods: Patients with KPC-Kp BSI treated with a ceftazidime/avibactam-based regimen were retrospectively 
collected and analysed. The primary outcome was mortality at 7, 14 and 30 days after the start of definitive cef
tazidime/avibactam antibiotic therapy. Renal function was estimated using the CKD-EPI equation.

Results: One hundred and ten patients with KPC-Kp BSI treated with a ceftazidime/avibactam-based regimen 
were included. Full-dose ceftazidime/avibactam (7.5 g daily) was prescribed to 82 patients (74.5%), while 28 pa
tients (25.5%) received a renal-adjusted dose (17 patients due to chronic renal disease or haemodialysis, 11 pa
tients due to infection-related acute kidney injury), with a median of 1.9 g daily. At multivariable analysis, 
receiving a reduced dose of ceftazidime/avibactam was independently associated with mortality (HR 4.47, 
95% CI 1.09–18.03, P = 0.037), along with intra-abdominal or lower respiratory tract infections as source of 
BSI (HR 5.42, 95% CI 1.77–16.55, P = 0.003), septic shock (HR 6.99, 95% CI 1.36–35.87, P = 0.020) and SARS- 
CoV-2 coinfection (HR 10.23, 95% CI 2.69–38.85, P = 0.001).

Conclusions: Dose reduction of ceftazidime/avibactam according to renal function in patients with KPC-Kp BSI 
seems to be independently associated with higher mortality. This may be possibly due to inadequate exposure 
provided by the recommended doses for renal impairment.

© The Author(s) 2024. 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-NonCommercial License (https:// 
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided 
the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All 
other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information 
please contact journals.permissions@oup.com.

Introduction
The introduction of ceftazidime/avibactam has provided an ef
fective weapon against KPC-producing pathogens compared 
with regimens based on older drugs,1 but bloodstream infections 
(BSIs) caused by KPC-producing Klebsiella pneumoniae (KPC-Kp) 
still carry a high mortality rate.2

β-Lactam agents such as ceftazidime/avibactam are hydro
philic molecules with low volume of distribution, predominantly 

urinary excretion, and time-dependent pharmacodynamics 
(PD), making them highly susceptible to the pharmacokinetic 
(PK) changes typical of patients with BSI, with or without 
sepsis.3

Since its introduction, the PK of ceftazidime/avibactam has 
been considered suboptimal in certain conditions, such as pneu
monia and continuous renal replacement therapy (CRRT).4 More 
recently, renal adjustment of ceftazidime/avibactam dose was 
identified as a risk factor for mortality.5
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We conducted an observational, retrospective, single-centre 
study in patients with KPC-Kp BSI treated with a ceftazidime/ 
avibactam-based antibiotic regimen to assess whether renal ad
justment has an impact on mortality. We further assessed 
whether mortality in the group receiving adjusted dose of ceftazi
dime/avibactam depended on sepsis severity.

Materials and methods
Ethics
The study was approved by the local Ethical Committees (no. 0069/2022) 
and conducted according to the guidelines of the Declaration of Helsinki.

Study population
We retrospectively analysed a cohort of 110 patients hospitalized at a ter
tiary University Hospital of Rome between 2018 and 2021. Inclusion cri
teria were: (i) age ≥18 years; (ii) patients affected by KPC-Kp BSI; and 
(iii) patients treated with a ceftazidime/avibactam-based regimen for de
finitive therapy.

Exclusion criteria were: (i) not receiving ceftazidime/avibactam for the 
treatment of KPC-Kp BSI; (ii) ceftazidime/avibactam duration of treat
ment of <48 h; (iii) BSI due to carbapenem-resistant K. pneumoniae other 
than KPC producers (i.e. OXA, MBL producers); (iv) polymicrobial BSI, ex
cept for CoNS isolation, which has been considered as contamination; 
or (v) non-availability of clinical and microbiological data.

After case identification in the hospital information system, demo
graphic, anamnestic, microbiological, clinical and therapeutic data were 
extrapolated from clinical records. We further divided the study popula
tion into patients receiving full dosage of ceftazidime/avibactam and pa
tients receiving adjusted doses of ceftazidime/avibactam according to 
the renal function.

The primary outcome was mortality at 7, 14 and 30 days after the 
start of ceftazidime/avibactam definitive antibiotic therapy.

Renal function assessment
Renal function was defined by estimated glomerular filtration rate (eGFR), 
considering serum creatinine (sCr) values. To estimate GFR, we used the 
new Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equa
tion expressed as a single equation, using the sCr value as follows: eGFRcr  
= 142 × min(sCr/κ, 1)α × max(sCr/κ, 1) − 1.200 × 0.9938age × 1.012 (if fe
male), where sCr is standardized sCr in mg/dL, κ is 0.7 for female indivi
duals or 0.9 for male individuals, α is −0.241 for female individuals or 
−0.302 for male individuals, min(sCr/κ, 1) is the minimum of sCr/κ or 
1.0, and max(sCr/κ, 1) is the maximum of sCr/κ or 1.0.6

Acute kidney injury (AKI) was diagnosed according to the Kidney 
Disease Improving Global Outcomes (KDIGO) definitions by an absolute 
increase in sCr, at least 0.3 mg/dL (26.5 μmol/L) within 48 h or by a 
50% increase in sCr from baseline within 7 days, or a urine volume of 
less than 0.5 mL/kg/h for at least 6 h.7 AKI was evaluated at the time 
of hospital admission and prescription of ceftazidime/avibactam. The ini
tiation of CRRT in patients with AKI-related infection was also collected.

The presence and stage of chronic kidney disease (CKD) were charac
terized according to the KDIGO guidelines as follows: stage 1 (>90 mL/ 
min), stage 2 (60–89 mL/min), stage 3a (45–59 mL/min), stage 3b (30– 
44 mL/min), stage 4 (15–29 mL/min) and stage 5 (<15 mL/min). The 
guidelines define CKD as either kidney damage or a decreased GFR of 
less than 60 mL/min/1.73 m2 for at least 3 months.8

Ceftazidime/avibactam dosage scheme
The full dose of ceftazidime/avibactam was 2.5 g every 8 h administered 
for a 2 h infusion, for a total of 7.5 g daily. Dose adjustments for renal 

impairment were made according to the manufacturer’s recommenda
tions, and described as follows: 1.25 g every 8 h for eGFR of 31–50 mL/ 
min; 0.94 g every 12 h for eGFR of 16–30 mL/min; 0.94 g every 24 h for 
eGFR of 6–15 mL/min; and 0.94 g every 48 h for end-stage renal disease 
including being on haemodialysis.9

Definitions
Infections were defined according to standard ECDC definitions.10 KPC-Kp 
BSI was diagnosed when KPC-Kp was isolated from blood cultures (BCs) in 
the presence of clinical signs of infection, and BSI onset was defined as 
the date of collection of the index BC.

The probable or established source of infection was reported in the 
medical record by the attending physician or the infectious disease con
sultant and defined according to guidelines.10,11 Primary BSIs were de
fined as BSIs occurring in patients without a recognized source of 
infection. Central line-related BSIs (CLRBSIs) were considered if semi
quantitative culture of the catheter tip was positive for the same 
KPC-Kp isolated from the BC.12

The burden of underlying comorbidities was assessed using the 
Charlson comorbidity index (CCI).13 Immunosuppression was defined as 
either steroid therapy with prednisone (or equivalent) at a dose of 
>0.5 mg/kg/day for at least 1 month or receipt of chemotherapy, TNF-α 
inhibitors, cyclophosphamide, azathioprine, methotrexate or mycophe
nolate mofetil in the previous 90 days.

Infection severity was determined using the increment-CPE score 
(ICS) calculated at the time of infection onset.14 The Pitt bacteraemia 
score (PBS) was also calculated for each patient.15 Sepsis and septic shock 
were defined according to the SEPSIS-3 criteria.16

Therapy was considered appropriate if exhibited in vitro activity ac
cording to the breakpoints established by EUCAST.17 Time (days) from in
dex BC to the start of appropriate antibiotic treatment and to the start of 
ceftazidime/avibactam, as well as the appropriateness of empirical ther
apy, were also taken into account.

Clinical cure was defined as the resolution of symptoms after the end 
of antibiotic treatment.

Microbiology
According to the hospital microbiology laboratory’s routine protocol, 
a bacterial pellet obtained from a positive BC was used for bacterial 
identification by MALDI-TOF MS (Bruker Daltonik, Bremen, Germany). 
Antimicrobial susceptibility was assessed using the MicroScan 
WalkAway system (Beckman Coulter Inc., Brea, CA, USA). Subsequent 
molecular analysis to search for the blaKPC gene was performed by 
the GeneXpert® System (Cepheid, CA, USA).

Statistical analysis
Data are presented as medians with IQRs for continuous variables and as 
simple frequencies, proportions and percentages for categorical vari
ables. The Mann–Whitney test was used for unpaired samples. 
Dichotomous variables were compared using Fisher’s exact test or 
chi-squared test, as appropriate. Survival was analysed using Kaplan– 
Meier curves and the statistical significance of the differences between 
the two groups was assessed using the log-rank test. Factors with a uni
variable value of P < 0.05 and those deemed clinically significant were in
cluded in the final multivariable Cox regression model to identify the 
independent predictors of 30 day mortality. P value analyses were two- 
sided and a P value of less than 0.05 was considered statistically signifi
cant. All statistical analyses were performed using the Statistical 
Program for the Social Sciences software package (IBM SPSS Statistics 
for Windows, version 27.0. Armonk, NY, USA).
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Results
Study population
In total, we collected and analysed data from 110 adults with a 
median age of 69 (IQR 58.0–78.3)  years and a median CCI score 
of 6 (IQR 5–9), affected by hospital-acquired KPC-Kp BSI (Table 1). 
Most of the population were previously colonized with KPC-Kp 
(79.1%), and a consistent proportion were in the ICU (30.9%) 
and/or in septic shock (25.5%) at the time of BSI diagnosis. CKD 
was present in 30% of hospitalized patients and five patients 
were on haemodialysis at admission. Nine patients had SARS- 
CoV-2 coinfection: all received a combination of remdesivir and 
corticosteroid, while none received IL-6 antagonists. In general, 
treatment of KPC-Kp BSI was started empirically at the onset of 
sepsis symptoms (determined to be appropriate in 38.2%). It 
was then adjusted once microbial identification and susceptibil
ity testing results were available (appropriate treatment received 
after a median of 1 day after BC collection) and continued for a 
median of 14 days. Ceftazidime/avibactam was combined with 
another antimicrobial (most commonly meropenem or fosfomy
cin) in a substantial proportion (88.2%) of cases. The overall 
30 day mortality from ceftazidime/avibactam treatment start 
was 18.2%.

Comparison between patients receiving full and 
renal-adjusted dosage of ceftazidime/avibactam
Full-dose ceftazidime/avibactam (7.5 g daily) was prescribed to 
82 patients (74.5%), while 28 received a renal-adjusted dose 
(25.5%) with a median of 1.9 g daily (IQR 1.9–3.8) (Table 1). 
Ceftazidime/avibactam was dosed according to the renal func
tion estimated on the day of ceftazidime/avibactam start.

Those who received a reduced dose were predominantly in 
group 3 of the KDIGO classification, had significantly higher va
lues of CCI score, ICS and serum procalcitonin levels and had sig
nificantly higher 14 day and 30 day mortality (25.0% versus 
6.1%, P = 0.011%; and 32.1% versus 13.4%, P = 0.044, respective
ly), while clinical cure was similar between the two groups (64.6% 
and 53.6% in full and renal-adjusted ceftazidime/avibactam dos
age, respectively). The Kaplan–Meier survival curve showed a sig
nificant (P = 0.006) difference in survival between patients 
receiving full and reduced doses of ceftazidime/avibactam 
(Figure 1).

Comparison between patients with acute or chronic renal 
impairment
We then analysed the population treated with a reduced dose of 
ceftazidime/avibactam (median daily dose of 1.9 g), comparing 
patients with CKD and/or chronic haemodialysis (n=17) with 
those who had normal renal function on admission but devel
oped AKI, or even the need for CRRT, concomitantly with the 
KPC-Kp BSI (n=11) (Table 2). Patients with CKD had less severe 
sepsis and received more effective empirical treatment. 
Patients with AKI developed more secondary infections within 
30 days after BSI and had a higher, although not significant, me
dian value of ceftazidime/avibactam MIC. However, there was no 
significant difference in ceftazidime/avibactam median dose, 
ceftazidime/avibactam combination or monotherapy (82.4% 

versus 90.9%, P = 0.527), ceftazidime/avibactam combination 
regimen, survival (30 day mortality of 29.4% versus 36.4%, P =  
0.700) or persistence of positive BCs (47.1% versus 54.5% at 
72 h, P = 0.696) between these two subgroups.

Comparison between survivors and non-survivors at 
30 days from ceftazidime/avibactam start
Patients who died within 30 days from the start of ceftazidime/ 
avibactam (18.2%) were more likely to have SARS-CoV-2 coinfec
tion (25% versus 4.4%), a higher CCI (median value of 8.0 versus 
6.0) and in particular a higher prevalence of diabetes (45.0% ver
sus 21.1%) and lower eGFR values (median value of 45.6 versus 
83.3 mL/min) and were less likely to receive full dose of ceftazi
dime/avibactam (55.0% versus 78.9%) (Table 3). They also had 
more severe sepsis (ICS value of 8.0 versus 6.0), with a higher in
cidence of septic shock (55.0% versus 18.9%), need for vaso
active drugs (60.0% versus 27.8%) and need for CRRT (30.0% 
versus 4.4%) (Table 3). Intra-abdominal infections (IAIs) and low
er respiratory tract infections (LRTIs) were significantly more 
common as a source of BSI in patients with a negative outcome 
(14.4% and 15.6% of surviving patients versus 35.0% and 40.0% 
of deceased patients, P = 0.004). The treatment regimen (mono
therapy or ceftazidime/avibactam-based combination therapy) 
did not differ significantly (Table 3).

Multivariable analysis evaluating the risk factors for 30 day 
mortality from ceftazidime/avibactam start was performed on 
the whole population: a reduced dose of ceftazidime/avibactam 
(HR 4.47, 95% CI 1.09–18.03, P = 0.037), IAI or LRTI as source of 
BSI (HR 5.42, 95% CI 1.77–16.55, P = 0.003), septic shock 
(HR 6.99, 95% CI 1.36–35.87, P = 0.020) and SARS-CoV-2 coin
fection (HR 10.23, 95% CI 2.69–38.85, P = 0.001) were identified 
as factors independently associated with 30 day mortality 
(Table 4). Considering the potential difference between CKD 
and AKI patients, we conducted two additional multivariable 
models by excluding patients with CKD [n = 17, Table S1(a)
(available as Supplementary data at JAC-AMR Online)] and 
those with AKI [n = 11, Table S1 (b)]. Specifically, after excluding 
patients with CKD, ceftazidime/avibactam-adjusted dosage was 
not associated with the main outcome (HR 4.07, 95% CI 0.59– 
27.74, P = 0.152), while, after excluding patients with AKI (and 
therefore including those receiving a reduced dosage of ceftazi
dime/avibactam due to CKD), there was a trend towards signifi
cance (HR 5.16, 95% CI 0.87–30.56, P = 0.071).

Discussion
In patients with sepsis, early and adequate antibiotic exposure is 
considered essential to maximize clinical success and prevent re
sistance.18,19 Unfortunately, the septic state induces many un
predictable PK changes, ranging from increased renal clearance 
to transient AKI, often resulting in prescriptions that miss PD tar
gets.3,20 However, even standard doses of β-lactams such as 
meropenem result in inadequate exposure in a significant propor
tion of critically ill patients, with large inter-individual variability 
and a heavy and dynamic influence of renal function. The dis
crepancy is greater in patients with moderate renal impair
ment.21 In theory, the aim of dose adjustment should be to 
minimize toxicity (i.e. overexposure) without jeopardizing efficacy 
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Table 1. Descriptive analysis of whole population and comparison according to full or reduced dose of ceftazidime/avibactam (CZA)

Variable
Whole population  

(n = 110)
CZA full dose  

(n = 82)
CZA reduced  
dose (n = 28) P value

Gender male, n (%) 78 (70.9) 58 (70.7) 20 (71.4) 0.863
Age, years, median (IQR) 69.0 (58.0–78.3) 68.5 (57.0–78.0) 69.0 (62.3–80.5) 0.333
Hospitalized in ICU, n (%) 34 (30.9) 25 (30.5) 9 (32.1) 0.901
SARS-CoV-2 coinfection, n (%) 9 (8.2) 8 (9.8) 1 (3.6) 0.443
Diabetes, n (%) 28 (25.5) 20 (24.4) 8 (28.6) 0.802
Cardiovascular disease, n (%) 77 (70.0) 57 (69.5) 20 (71.4) 0.930
COPD, n (%) 38 (34.5) 30 (36.6) 8 (28.6) 0.497
CKD, n (%) 33 (30.0) 15 (18.3) 18 (64.3) <0.001
Chronic haemodialysis, n (%) 5 (4.5) 0 5 (17.9) <0.001
Chronic liver disease, n (%) 12 (10.9) 8 (9.8) 4 (14.3) 0.497
Solid neoplasia, n (%) 28 (25.5) 19 (23.2) 9 (32.1) 0.451
Haematological neoplasia, n (%) 7 (6.4) 6 (7.3) 1 (3.6) 0.676
Immunodeficiency, n (%) 28 (25.5) 20 (24.4) 8 (28.6) 0.802
Solid organ transplant, n (%) 7 (6.4) 4 (4.9) 3 (10.7) 0.368
CCI, median (IQR) 6.0 (5.0–9.0) 6.0 (5.0–7.3) 8.0 (6.0–10.8) 0.006
Previous KPC-Kp rectal colonization, n (%) 87 (79.1) 65 (79.3) 22 (78.6) 0.952
CKD-EPI eGFR at CZA start, median (IQR) 78.6 (43.2–103.9) 91.9 (70.2–113.1) 28.5 (19.0–39.5) <0.001
KDIGO class at CZA prescription, n (%)

≥90 (G1) 42 (38.2) 42 (51.2) 0 <0.001
60–89 (G2) 32 (29.1) 32 (39.0) 0
45–59 (G3a) 6 (5.5) 4 (4.9) 2 (7.1)
30–44 (G3b) 12 (10.9) 3 (3.7) 9 (32.1)
15–29 (G4) 13 (11.8) 1 (1.2) 12 (42.9)
<15 (G5) 5 (4.5) 0 5 (17.9)

Source of BSI, n (%)
Primary bacteraemia 32 (29.1) 24 (29.3) 8 (28.6) 0.741
CLRBSI 5 (4.5) 5 (6.1) 0
Urinary tract 31 (28.2) 23 (28.0) 8 (28.6)
IAI 20 (18.2) 14 (17.1) 6 (21.4)
LRTI (VAP included) 22 (20.0) 16 (19.5) 6 (21.4)

CZA MIC of the isolated KPC-Kp (mg/L), median (IQR) 2.0 (2.0–4.0) 2.0 (2.0–4.0) 2.5 (2.0–4.0) 0.296
Serum lactate (mmol/L), median (IQR) 2.3 (1.7–3.5) 2.7 (1.8–3.6) 1.9 (1.4–3.5) 0.509
C-reactive protein (mg/dL), median (IQR) 11.3 (5.9–18.1) 10.8 (5.7–16.2) 15.3 (6.2–24.1) 0.101
Procalcitonin (ng/dL), median (IQR) 4.8 (0.9–31.1) 2.6 (0.7–24.6) 28.2 (4.1–33.0) 0.010
CZA dose (g), median (IQR) 7.5 (3.75–7.5) 7.5 (7.5–7.5) 1.9 (1.9–3.8) <0.001
CZA full dose, n (%) 82 (74.5) — — —
CZA combination therapy, n (%) 97 (88.2) 73 (89.0) 24 (85.7) 0.736
Treatment regimen, n (%) 0.619

CZA monotherapy 13 (11.8) 5 (6.10) 4 (14.3)
CZA + meropenem 43 (39.1) 31 (37.8) 12 (42.9)
CZA + fosfomycin 46 (41.8) 37 (45.1) 9 (32.1)
CZA + other (co-trimoxazole, tigecycline, gentamicin or colistin) 8 (7.3) 5 (6.1.0) 3 (10.7)

sCr at admission (mg/dL), median (IQR) 1.0 (0.7–1.4) 0.9 (0.7–1.3) 1.6 (0.9–4.8) <0.001
sCr at CZA prescription (mg/dL), median (IQR) 0.9 (0.6–1.4) 0.7 (0.5–1.0) 2.2 (1.6–3.2) <0.001
sCr after 48–72 h of CZA administration (mg/dL), median (IQR) 0.8 (0.5–1.2) 0.6 (0.5–0.9) 1.6 (1.2–2.9) <0.001
sCr after 7 days of CZA administration (mg/dL), median (IQR) 0.7 (0.4–1.1) 0.6 (0.4–0.8) 1.4 (0.8–2.8) <0.001
sCr at the end of CZA treatment (mg/dL), median (IQR) 0.7 (0.4–1.1) 0.6 (0.4–0.9) 1.5 (0.8–2.3) <0.001
CRRT required due to infection, n (%) 10 (9.1) 6 (7.3) 4 (14.3) 0.227
Vasoactive drugs required, n (%) 37 (33.6) 24 (29.3) 13 (46.4) 0.110
Septic shock, n (%) 28 (25.5) 17 (20.7) 11 (39.3) 0.077
PBS, median (IQR) 3.0 (2.0–4.0) 3.0 (2.0–4.0) 4.0 (2.0–4.0) 0.223
ICS, median (IQR) 6.0 (3.0–8.0) 6.0 (3.0–8.0) 8.0 (6.0–11.0) 0.042

Continued
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(PD target achievement), but current recommendations for renal 
adjustment are often based on small studies in healthy volun
teers or people with stable chronic renal impairment.22 Previous 
studies have shown that for most antibiotics excreted by kidneys, 
there is no good-quality evidence to support the recommended 
dose reduction in patients with renal impairment to ensure ad
equate drug exposure.23 In addition, estimates of renal function 
in patients with AKI may appear worse than actual renal function, 
leading to underexposure.23 In fact, in the kidney the dynamic 
changes are difficult to characterize with sCr because this bio
marker is not sensitive to rapid fluctuations over time.24 As a re
sult, renal adjustment of antibiotic dose has been associated with 
increased failure and mortality in ICU patients.25

We presented a population with KPC-Kp BSI and compared 
those treated with a full dose of ceftazidime/avibactam with 
those treated with a reduced dose for renal adaptation. 
Among those treated with a reduced dose, we then compared 
patients with acute renal impairment with those with chronic 
renal impairment.

KPC-Kp BSIs affected a population with a high number of co
morbidities (expressed by the elevated CCI), occurring in the 
ICU in approximately one-third of cases and manifested as se
vere sepsis syndrome with elevated severity indices such as ser
um lactates, need for CRRT, PBS and ICS. However, the frequency 
of prescription of ceftazidime/avibactam-based combination 
therapy for the treatment of KPC-Kp infection (88.2%) and the 
overall 30 day mortality (18.2%) were comparable to those pre
viously shown in similar studies.5

The survival analysis identified reduced ceftazidime/avibac
tam dose as one of the factors associated with death, along 
with comorbidities, sepsis severity indices, and IAI and LRTI as 

Table 1. Continued

Variable
Whole population  

(n = 110)
CZA full dose  

(n = 82)
CZA reduced  
dose (n = 28) P value

Time (days) from index BC to appropriate (in vitro active) therapy, 
median (IQR)

1 (0–2) 1 (0–2) 1 (0–2) 0.685

Time (days) from index BC to CZA prescription, median (IQR) 1 (0–2) 1 (0–2) 1 (0–2) 0.482
Appropriate empirical therapy, n (%) 42 (38.2) 31 (37.8) 11 (39.3) 0.885
Performed source control, n (%) 91 (82.7) 68 (83.0) 23 (82.2) 0.359
Duration of definitive therapy (days), median (IQR) 14 (12–20) 15 (12.0–20.0) 13 (10.3–14.8) 0.026
Clinical cure, n (%) 68 (61.8) 53 (64.6) 15 (53.6) 0.369
KPC-Kp BSI recurrence within 30 days, n (%) 11 (10.0) 11 (13.4) 0 0.063
Secondary infections within 30 days, n (%) 38 (34.5) 30 (36.6) 8 (28.6) 0.497
Subsequent finding of CZA MIC increase (≥8 mg/L) 7 (6.4) 6 (7.3) 1 (3.6) 0.590
Negative BCs 72 h after treatment start, n (%) [performed in n (%)] 63 (57.3) [73 (66.4)] 49 (59.8) [58 (70.7)] 14 (50.0) [15 (53.6)] 0.180
Negative BCs 7 days after treatment start, n (%) [performed in n (%)] 52 (47.3) [56 (50.9)] 40 (48.8) [44 (54.3)] 12 (42.9) [12 (42.9)] 0.397
Negative BCs 14 days after treatment start, n (%) [performed in n (%)] 39 (35.5) [42 (38.2)] 33 (40.2) [36 (45.6)] 6 (21.4) [6 (21.4)] 0.085
Adverse reactions to antibiotic treatment, n (%) 11 (10.0) 9 (11.0) 2 (7.1) 0.726
Cumulative mortality 7 days after CZA start, n (%) 6 (5.5) 3 (3.7) 3 (10.7) 0.171
Cumulative mortality 14 days after CZA start, n (%) 12 (10.9) 5 (6.1) 7 (25.0) 0.011
Cumulative mortality 30 days after CZA start, n (%) 20 (18.2) 11 (13.4) 9 (32.1) 0.044
Overall in-hospital mortality, n (%) 37 (33.6) 25 (30.5) 12 (42.9) 0.253
Length of stay from CZA start (days), median (IQR) 28.0 (14.0–53.3) 31.5 (17.0–54.8) 15.0 (12.3–46.0) 0.049

Values in bold indicate P<0.05. 
CKD, chronic kidney disease; CLRBSI, Central line-related BSIs; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement ther
apy; CZA, ceftazidime/avibactam; IAI, intra-abdominal infection; ICS, increment CPE score; KDIGO, kidney disease improving global outcomes; LRTI, 
lower respiratory tract infection; PBS, Pitt bacteremia score; VAP, ventilator-associated pneumonia.

Figure 1. Kaplan–Meier survival curve comparing those treated with a full 
dose of ceftazidime/avibactam with those who received a dose reduced 
according to renal function. CZA, ceftazidime/avibactam.
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Table 2. Comparison of patients with chronic and acute kidney impairment

Variable

Reduced CZA dose for  
CKD or haemodialysis  

(n = 17)

Reduced CZA dose  
for sepsis-related  

AKI (n = 11) P value

Gender male, n (%) 12 (70.6) 8 (72.7) 0.903
Age, years, median (IQR) 67.0 (62.0–80.0) 70.0 (68.0–82.0) 0.547
Hospitalized in ICU, n (%) 4 (23.5) 5 (45.5) 0.409
SARS-CoV-2 coinfection, n (%) 1 (5.9) 0 0.607
Diabetes, n (%) 4 (23.5) 4 (36.4) 0.671
Cardiovascular disease, n (%) 11 (64.7) 9 (81.8) 0.419
COPD, n (%) 6 (35.3) 2 (18.2) 0.419
CKD, n (%) 17 (100.0) 3 (27.3) <0.001
Chronic haemodialysis, n (%) 5 (29.4) 0 (0) 0.125
Chronic liver disease, n (%) 3 (17.6) 1 (9.1) 0.527
Solid neoplasia, n (%) 5 (29.4) 4 (36.4) 0.700
Haematological neoplasia, n (%) 1 (5.9) 0 0.413
Immunodeficiency, n (%) 4 (23.5) 4 (36.4) 0.671
Solid organ transplant, n (%) 2 (11.8) 1 (9.1) 0.823
CCI, median (IQR) 8.0 (6.0–11.0) 7.0 (6.0–12.0) 0.963
Previous KPC-Kp rectal colonization, n (%) 13 (76.5) 9 (81.8) 0.736
CKD-EPI eGFR at CZA start, median (IQR) 28.2 (19.1–38.6) 29.3 (13.7–41.1) 0.926
KDIGO class at CZA prescription, n (%)

≥90 (G1) 0 0
60–89 (G2) 0 0
45–59 (G3a) 1 (5.9) 1 (9.1)
30–44 (G3b) 5 (29.4) 4 (36.4)
15–29 (G4) 9 (52.9) 3 (27.3)
<15 (G5) 2 (11.8) 3 (27.3) 0.547

Source of BSI, n (%) 0.236
Primary bacteraemia 4 (23.5) 4 (36.4)
CLRBSI 0 0
Urinary tract 6 (35.3) 2 (18.2)
IAI 5 (29.4) 1 (9.1)
LRTI (VAP included) 2 (11.8) 4 (36.4)

CZA MIC of the isolated KPC-Kp (mg/L), median (IQR) 2.0 (2.0–4.0) 4.0 (2.5–4.0) 0.073
Serum lactate (mmol/L), median (IQR) 2.2 (1.3–3.8) 1.8 (1.8–1.8) 0.711
C-reactive protein (mg/dL), median (IQR) 14.1 (5.0–24.0) 19.7 (6.4–27.4) 0.329
Procalcitonin (ng/dL), median (IQR) 28.2 (5.0–43.5) 16.5 (2.5–32.8) 0.556
CZA dose (g), median (IQR) 1.9 (1.9–3.8) 1.9 (0.9–3.8) 0.677
CZA full dose, n (%) — — /
CZA combination therapy, n (%) 14 (82.4) 10 (90.9) 0.527
Treatment regimen, n (%)

CZA monotherapy 3 (17.6) 1 (9.1) 0.778
CZA + meropenem 6 (35.3) 6 (54.5)
CZA + fosfomycin 6 (35.3) 3 (27.3)
CZA + other (co-trimoxazole, tigecycline, gentamicin or colistin) 2 (11.8) 1 (9.1)

sCr at admission (mg/dL), median (IQR) 3.1 (1.5–6.8) 0.9 (0.8–1.3) <0.001
sCr at CZA prescription (mg/dL), median (IQR) 2.3 (1.6–3.3) 2.1 (1.6–3.2) 0.853
sCr after 48–72 h of CZA administration (mg/dL), median (IQR) 1.6 (1.2–3.0) 1.6 (1.0–2.5) 0.640
sCr after 7 days of CZA administration (mg/dL), median (IQR) 1.4 (1.1–3.2) 0.7 (0.6–2.7) 0.318
sCr at the end of CZA treatment (mg/dL), median (IQR) 1.6 (1.1–3.4) 1.0 (0.5–2.1) 0.290
CRRT required due to infection, n (%) 0 4 (36.4) 0.016
Vasoactive drugs required, n (%) 6 (35.3) 7 (63.6) 0.246
Time from index BC to empirical therapy, median (IQR) 0 0 0.749
Septic shock, n (%) 4 (23.5) 7 (63.6) 0.053
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BSI source. The multivariable analysis supports the independent 
effect of ceftazidime/avibactam dose on mortality.

The next objective of the study was to assess whether the 
higher mortality in the group treated with an adjusted dose of 
ceftazidime/avibactam was due to a higher sepsis severity or, ra
ther, depended on renal failure itself. Comparison of the two sub
groups of patients treated with reduced ceftazidime/avibactam 
(CKD and AKI patients, Table 2) showed that they did not differ 
significantly in terms of demographics, comorbidities, source of 
infection, source control effectiveness, mono- or combination 
therapy, type of combination regimen and recurrence. As ex
pected, the AKI group probably suffered from a more severe 
sepsis syndrome, as evidenced by a higher PBS and the higher 
need for CRRT. AKI patients also were more commonly already 
admitted to the ICU at the time of BSI diagnosis and their isolates 
tended to have a higher MIC of ceftazidime/avibactam. Likewise, 
their higher number of secondary infections could be attributed 
to the greater need for device and invasive treatment, such as 
the use of CRRT. Interestingly, patients with AKI less frequently 
received adequate empirical treatment (9.1% versus 58.8%). 
This was probably because the consulting infectious disease 
physician is more likely to assume the involvement of MDR patho
gens when faced with a chronic dialysis patient with sepsis. 
Despite these differences between the population of patients 
with known CKD and those with sepsis-associated AKI, there 
were no significant differences in length of stay, BC clearance 

or mortality. Therefore, it can be hypothesized that the role of 
the reduced dose of ceftazidime/avibactam in increasing mortal
ity does not depend only on the acute, infection-related status of 
renal impairment. Interestingly, after excluding patients with AKI 
(and thus retaining only those receiving a reduced dosage of cef
tazidime/avibactam due to CKD), a trend towards a significant as
sociation with the outcome was observed, suggesting that the 
risk of failure in attaining optimal ceftazidime/avibactam joint 
PK/PD target may be present also in patients with CKD. We believe 
that the loss of statistical significance is likely due to the reduced 
number of patients remaining in the analysis. Therefore, further 
studies are needed to investigate the role of ceftazidime/avibac
tam dosage adjustment due to CKD and its association with 
poorer outcomes.

As shown in Tables 1–3, the median creatinine values tended 
to decrease in the days following prescription, especially in pa
tients with AKI. The prescribed dose of ceftazidime/avibactam 
was certainly adjusted accordingly. However, this reduction in 
creatinine seems to occur at 48–72 h after prescription. In our 
opinion, this subsequent increase in ceftazidime/avibactam 
dose did not really change the outcome of the study. In fact, it 
has been shown previously that it is the treatment the patient re
ceives in the first 24 h of treatment that mainly influences the 
outcome of KPC-Kp BSI.26

Our interpretation seems to be in line with previous findings. 
Indeed, several antibiotics approved in recent decades have 

Table 2. Continued

Variable

Reduced CZA dose for  
CKD or haemodialysis  

(n = 17)

Reduced CZA dose  
for sepsis-related  

AKI (n = 11) P value

PBS, median (IQR) 3.0 (2.0–4.0) 4.0 (3.0–5.0) 0.019
ICS, median (IQR) 6.0 (3.0–10.0) 10.0 (8.0–11.0) 0.053
Time (days) from index BC to appropriate (in vitro active) therapy, median (IQR) 1 (0–2) 1 (1–2) 0.111
Time (days) from index BC to CZA prescription, median (IQR) 1 (0–2) 1 (1–2) 0.329
Appropriate empirical therapy, n (%) 10 (58.8) 1 (9.1) 0.016
Performed source control, n (%) 14 (82.4) 9 (81.9) 0.966
Duration of definitive therapy (days), median (IQR) 14 (10.0–15.0) 12 (11.0–14.0) 0.817
Clinical cure, n (%) 11 (64.7) 4 (36.7) 0.246
KPC-Kp BSI recurrence within 30 days, n (%) 0 0 /
Secondary infections within 30 days, n (%) 2 (11.8) 6 (54.5) 0.030
Subsequent finding of CZA MIC increase (≥8mg/L) 1 (5.9) 0 0.333
Negative BCs 72 h after treatment start, n (%) [performed in n (%)] 8 (47.1) [9 (52.9)] 6 (54.5) [6 (54.5)] 0.696
Negative BCs 7 days after treatment start, n (%) [performed in n (%)] 5 (29.4) [5 (29.4)] 7 (63.6) [7 (63.6)] 0.130
Negative BCs 14 days after treatment start, n (%) [performed in n (%)] 3 (17.6) [3 (17.6)] 3 (27.3) [3 (27.3)] 0.601
Adverse reactions to antibiotic treatment, n (%) 1 (5.9) 1 (9.1) 0.752
Cumulative mortality 7 days from CZA start, n (%) 3 (17.6) 0 0.258
Cumulative mortality 14 days from CZA start, n (%) 3 (17.6) 4 (36.4) 0.381
Cumulative mortality 30 days from CZA start, n (%) 5 (29.4) 4 (36.4) 0.700
Overall in-hospital mortality, n (%) 7 (41.2) 5 (45.5) 0.826
Length of stay from CZA start (days), median (IQR) 16.0 (12.0–51.0) 16.0 (14.0–47.0) 0.846

Values in bold indicate P<0.05. 
CKD, chronic kidney disease; CLRBSI, Central line-related BSIs; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement ther
apy; CZA, ceftazidime/avibactam; IAI, intra-abdominal infection; ICS, increment CPE score; KDIGO, kidney disease improving global outcomes; LRTI, 
lower respiratory tract infection; PBS, Pitt bacteremia score; VAP, ventilator-associated pneumonia.

Impact of CZA dose adjustment on KPC-Kp BSI mortality                                                                                

7 of 11



Table 3. Survival analysis

Variable
Survived at 30 days from  

CZA start (n = 90)
Died at 30 days from  

CZA start (n = 20) P value

Gender male, n (%) 64 (71.1) 14 (70.0) 0.921
Age, years, median (IQR) 68.0 (57.0–78.3) 72.5 (62.3–78.8) 0.210
Hospitalized in ICU, n (%) 25 (27.8) 9 (45.0) 0.180
SARS-CoV-2 coinfection, n (%) 4 (4.4) 5 (25.0) 0.010
Diabetes, n (%) 19 (21.1) 9 (45.0) 0.044
Cardiovascular disease, n (%) 62 (68.9) 15 (75.0) 0.788
COPD, n (%) 28 (31.1) 10 (50.0) 0.124
CKD, n (%) 27 (30.0) 8 (40.0) 0.431
Chronic haemodialysis, n (%) 3 (3.3) 2 (10.0) 0.223
Chronic liver disease, n (%) 8 (8.9) 4 (20.0) 0.226
Solid neoplasia, n (%) 22 (24.4) 6 (30.0) 0.583
Haematological neoplasia, n (%) 4 (4.4) 3 (15.0) 0.111
Immunodeficiency, n (%) 21 (23.3) 7 (35.0) 0.273
Solid organ transplant, n (%) 6 (6.7) 1 (5.0) 0.782
CCI, median (IQR) 6.0 (5.0–8.0) 8.0 (5.3–10.0) 0.024
Previous KPC-Kp rectal colonization, n (%) 74 (82.2) 13 (65.0) 0.125
CKD-EPI eGFR, median (IQR) 83.3 (52.8–109.7) 45.6 (28.9–85.5) 0.009
KDIGO class at CZA prescription, n (%)

≥90 (G1) 38 (42.2) 4 (20.0) 0.075
60–89 (G2) 28 (31.1) 4 (20.0)
45–59 (G3a) 4 (4.4) 2 (10.0)
30–44 (G3b) 7 (7.8) 5 (25.0)
15–29 (G4) 10 (11.1) 3 (15.0)
<15 (G5) 3 (3.3) 2 (10.0)

Source of BSI, n (%)
Primary bacteraemia 28 (31.1) 4 (20.0) 0.004
CLRBSI 5 (5.6) 0
Urinary tract 30 (33.3) 1 (5.0)
IAI 13 (14.4) 7 (35.0)
LRTI (VAP included) 14 (15.6) 8 (40.0)

CZA MIC of the isolated KPC-Kp (mg/L), median (IQR) 2.0 (2.0–4.0) 2.0 (2.0–3.8) 0.529
Serum lactate (mmol/L), median (IQR) 2.3 (1.6–3.3) 3.2 (1.8–4.2) 0.346
C-reactive protein (mg/dL), median (IQR) 10.2 (5.7–16.6) 14.3 (11.9–24.2) 0.051
Procalcitonin (ng/dL), median (IQR) 4.6 (0.7–30.7) 6.9 (2.2–33.0) 0.171
CZA dose (g), median (IQR) 7.5 (7.5–7.5) 7.5 (2.4–7.5) 0.026
CZA full dose, n (%) 71 (78.9) 11 (55.0) 0.044
CZA combination therapy, n (%) 80 (88.9) 17 (85.0) 0.702
Treatment regimen, n (%)

CZA monotherapy 10 (11.1) 3 (15.0) 0.865
CZA + meropenem 35 (38.9) 8 (40.0)
CZA + fosfomycin 39 (43.3) 7 (35.0)
CZA + other (co-trimoxazole, tigecycline, gentamicin or colistin) 6 (6.7) 2 (10.0)

sCr at admission (mg/dL), median (IQR) 1.0 (0.7–1.4) 1.1 (0.8–2.8) 0.162
sCr at CZA prescription (mg/dL), median (IQR) 0.8 (0.5–1.3) 1.4 (0.8–2.3) 0.010
sCr after 48–72 h of CZA administration (mg/dL), median (IQR) 0.7 (0.5–1.1) 1.2 (0.7–1.9) 0.016
sCr after 7 days of CZA administration (mg/dL), median (IQR) 0.6 (0.4–1.0) 1.4 (0.5–2.2) 0.027
sCr at the end of CZA treatment (mg/dL), median (IQR) 0.6 (0.4–1.0) 1.2 (0.5–1.9) 0.032
CRRT required due to infection, n (%) 4 (4.4) 6 (30.0) 0.002
Vasoactive drugs required, n (%) 25 (27.8) 12 (60.0) 0.009
Septic shock, n (%) 17 (18.9) 11 (55.0) 0.003
PBS, median (IQR) 3.0 (2.0–4.0) 4.0 (2.0–5.0) 0.203
ICS, median (IQR) 6.0 (3.0–8.0) 8.0 (6.0–11.0) 0.004
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shown a reduced efficacy in patients with moderate renal impair
ment, which is the most represented KDIGO category at the time 
of ceftazidime/avibactam prescription in the present study.27,28

At multivariable analysis, the reduced dose of ceftazidime/avi
bactam, septic shock, SARS-CoV-2 coinfection and IAI or LRTI as 
source of BSI were independently associated with 30 day mortal
ity. This may not represent a coincidence. Indeed, the lung is a site 
where the PK of ceftazidime/avibactam are thought to be less 

efficient.4 In the RECLAIM 1 and 2 trials, ceftazidime/avibactam 
dose reduction in patients with IAI and moderate AKI was asso
ciated with a significantly lower response rate,29 which was attrib
uted to the high rate (67.9%) of patients who recovered from 
moderate AKI within 72 h of starting treatment for sepsis.27,29

In addition, CRRT has been identified as one of the risk factors 
for clinical failure and resistance development in people treated 
with ceftazidime/avibactam.4 In a retrospective, multicentre co
hort of carbapenem-resistant Enterobacterales infections (only 
8.3% BSI) treated with ceftazidime/avibactam, patients who 
died were more likely to have had their ceftazidime/avibactam 
dose adjusted for renal impairment.30 In agreement with our find
ings, the large cohort of adults with KPC-Kp treated with a ceftazi
dime/avibactam-based regimen presented by Tumbarello et al. 
showed that patients with LRTI had a higher 30 day mortality 
and the ceftazidime/avibactam dose adjustment for renal func
tion significantly impacted on 30 day survival rate of patients 
with LRTI or IAI. Also, ceftazidime/avibactam dose adjustment re
sulted one of the factors independently associated with 30 day 
mortality at multivariable analysis.5 However, data on renal func
tion distribution and calculation, and on renal adjusted dosing are 
poorly described in the paper by Tumbarello et al.

A systematic review and meta-analysis examined the efficacy 
of ceftazidime/avibactam in patients with renal impairment who 
received the recommended dose adjustment compared with pa
tients with normal renal function who received the full dose. 
Overall, ceftazidime/avibactam renal adjustment was associated 
with a higher risk of mortality. Of note, only 42.6% of patients en
rolled had a BSI, but the ICU admission rate was high.31 In add
ition, the authors questioned whether the manufacturer’s 

Table 3. Continued

Variable
Survived at 30 days from  

CZA start (n = 90)
Died at 30 days from  

CZA start (n = 20) P value

Time (days) from index BC to appropriate (in vitro active) therapy, median (IQR) 1 (0–2) 1 (0–2) 0.714
Time (days) from index BC to CZA prescription, median (IQR) 1 (0.75–2) 1 (0–2) 0.309
Appropriate empiric therapy, n (%) 36 (40.0) 6 (30.0) 0.456
Performed source control, n (%) 76 (84.4) 15 (75.0) 0.310
Duration of definitive therapy (days), median (IQR) 15.0 (12.0–20.0) 10.5 (6.3–18.8) 0.005
Clinical cure, n (%) 68 (75.6) 0 <0.001
KPC-Kp BSI recurrence within 30 days, n (%) 11 (12.2) 0 0.210
Secondary infections within 30 days, n (%) 30 (33.3) 8 (40.0) 0.609
Subsequent finding of CZA MIC increase (≥8 mg/L) 7 (7.8) 0 0.168
Negative BCs 72 h after treatment start, n (%) [performed in n (%)] 53 (58.9) [63 (68.9)] 10 (50.0) [11 (55.5)] 0.446
Negative BCs 7 days after treatment start, n (%) [performed in n (%)] 44 (48.9) [48 (53.3)] 8 (40.0) [8 (40.0)] 0.575
Negative BCs 14 days after treatment start, n (%) [performed in n (%)] 36 (40.0) [38 (42.2)] 3 (15.0) [4 (20.0)] 0.211
Adverse reactions to antibiotic treatment, n (%) 10 (11.1) 1 (5.0) 0.685
Cumulative mortality 7 days from CZA start, n (%) 0 6 (30.0) <0.001
Cumulative mortality 14 days from CZA start, n (%) 0 12 (60.0) <0.001
Overall in-hospital mortality, n (%) 17 (18.9) 20 (100.0) <0.001
Length of stay from CZA start (days), median (IQR) 38.0 (16.8–60.3) 11.0 (6.3–19.8) <0.001

Values in bold indicate P<0.05. 
CKD, chronic kidney disease; CLRBSI, Central line-related BSIs; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement ther
apy; CZA, ceftazidime/avibactam; IAI, intra-abdominal infection; ICS, increment CPE score; KDIGO, kidney disease improving global outcomes; LRTI, 
lower respiratory tract infection; PBS, Pitt bacteremia score; VAP, ventilator-associated pneumonia.

Table 4. Multivariable analysis of independent predictors of 30 day 
mortality in patients with BSI from KPC-Kp

Variables HR (95% CI) P value

Adjusted dose of CZA 4.47 (1.09–18.03) 0.037
Source of BSI: IAI or LRTI 5.42 (1.77–16.55) 0.003
SARS-CoV-2 coinfection 10.23 (2.69–38.85) 0.001
Septic shock 6.99 (1.36–35.87) 0.020
CRRT required due to infection 2.27 (0.71–7.28) 0.165
CCI, one point increment 1.02 (0.84–1.23) 0.809
ICS, one point increment 0.90 (0.71–1.15) 0.419
Hospitalization in ICU 0.84 (0.28–2.51) 0.762
sCr at CZA prescription (0.1 mg/mL 

increment)
0.94 (0.62–1.45) 0.812

Values in bold indicate P<0.05. 
BSI, bloodstream infection; CCI, Charlson comorbidity index; CRRT, con
tinuous renal replacement therapy; CZA, ceftazidime/avibactam; IAI, in
tra-abdominal infection; ICS, increment CPE score; ICU, intensive care 
unit; LRTI, lower respiratory tract infection; sCr, serum creatinine.
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recommendations for ceftazidime/avibactam dose adjustment 
were sufficiently focused on achieving optimal PK/PD targets 
with the currently most supported strategy, i.e. reducing the 
amount of each single dose while maintaining the dosing interval 
unmodified.31

Finally, in a recent retrospective study conducted on a se
verely ill population with difficult-to-treat Pseudomonas aerugi
nosa hospital-acquired pneumonia treated with ceftazidime/ 
avibactam, multivariable analysis showed that clinical cure 
was positively associated with ceftazidime/avibactam loading 
dose and prolonged infusion, and negatively associated with 
an APACHE-II score of >15, septic shock and ceftazidime/ 
avibactam dose adjustment for renal impairment.32

All these considered, our findings point in the same direction, 
suggesting that the currently recommended renal dose adjust
ment of ceftazidime/avibactam may not produce adequate drug 
exposure in patients with ongoing sepsis and that, accordingly, op
timization of ceftazidime/avibactam administration [i.e. by loading 
dosage and/or extended/continuous infusion or drug dosage ad
justment following real-time therapeutic drug monitoring (TDM) re
sults, or reducing the amount of each single dose while maintaining 
the dosing interval unmodified] is needed in patients with both 
acute and chronic renal failure. It has already been shown that 
the use of ceftazidime/avibactam as a continuous infusion ensures 
a high rate of achievement of the PK/PD target in MDR pathogens.33

The possible underexposure to ceftazidime/avibactam could theor
etically facilitate the development of resistance. In our study, a 
KPC-Kp strain with ceftazidime/avibactam MICs greater than or 
equal to the EUCAST breakpoint of 8 mg/L was subsequently iso
lated in 6.4% of the population. However, this did not differ signifi
cantly according to the dose of ceftazidime/avibactam received, 
the type of renal failure or the outcome.

This study has many limitations. The retrospective nature of 
the study limits our ability to collect certain types of data. The 
sample size is small, so subgroup analysis has an elevated risk 
of bias. CLCR was estimated using the CKD-EPI equation because 
weight was frequently not available in the medical records. 
However, the lack of weight in the medical records suggests 
that it was also unavailable at the time of the ceftazidime/avibac
tam prescription and therefore our estimate of clearance is likely 
to be consistent with that used by the prescribers. We recognize 
that the renal function with CKD-EPI cannot be accurate in ICU 
patients. Usually, formulae used to estimate GFR assume both 
that sCr is in steady state and that the creatinine generation 
rate is the same as that in stable outpatients, assumptions which 
are most likely not maintained during the acute phase of critical 
illness. The subgroup receiving a reduced dose of ceftazidime/avi
bactam had higher CCI (possibly partially driven by history of CKD) 
and ICS (only partially driven by a CCI value of ≥2), raising some 
concerns about a possible imbalance in baseline conditions be
tween the two groups, which was limited by their inclusion in 
the final multivariable model. Finally, in the absence of TDM, we 
could not verify whether renal-adjusted dosages of ceftazi
dime/avibactam actually corresponded to drug underexposure.

Conclusions
The introduction of ceftazidime/avibactam has improved the out
come of patients with carbapenem-resistant infections, but 

unfortunately some subgroups of patients do not appear to benefit 
from adequate exposure to the drug at the recommended doses. In 
the present study, patients with KPC-Kp BSIs treated with 
renal-adjusted doses of ceftazidime/avibactam, regardless of acute 
or chronic kidney disease, had a higher mortality rate. Further re
search is needed to determine the correct ceftazidime/avibactam 
dosage required to treat BSIs in patients with renal impairment.
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