
Original Article JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Ceftazidime-Avibactam for the Treatment of
Carbapenem-Resistant Klebsiella pneumoniae

Infections in Patients With Liver Cirrhosis
I
Key
stra
Rec
Add
He
Un
001
E-m
Abb
Inj
Pu
DC
for
for
An
HR
for
NA
Por
htt

© 2

Pl
W

Shani Feldman *, Alessandro Russo y, Giancarlo Ceccarelli y, Cristian Borrazzo y, Chiara Madge *, Mario Venditti y,
Manuela Merli *

*Division of Gastroenterology, Department of Translational and Precision Medicine, “Sapienza” University of Rome, Viale Dell’Universit�a 37,
00185 Rome, Italy and yDepartment of Public Health and Infectious Diseases, “Sapienza” University of Rome, Viale Dell’Universit�a 37, 00185,

Rome, Italy
word
ins,
eived:
ress
patol
iversi
85, R
ail: m
revia
ury; C
lmon
T: D
the S
Dise
timic
S: He
End
SH:
tosys
ps://d

022

ease c
ith L

-
-

-

Background: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections in patients with cirrhosis represent a
significant therapeutic challenge as they are associated with poor outcomes due to high rates of treatment failure,
and frequently induce liver decompensation. Aims: To evaluate treatment failure and in-hospital mortality in two
cohorts of patients with cirrhosis and with CRKP infections treated with antibiotic regimens including or
excluding Ceftazidime-avibactam.Methods: Data from hospitalized patients with liver cirrhosis and CRKP infec-
tions were extracted and retrospectively analyzed. Results: During the study period, 39 cirrhotic patients with
confirmed invasive CRKP infections were enrolled. Overall, the median age was 60 years with a median MELD
score of 16 points. Urinary tract infections were diagnosed in 46%, followed by pneumonia in 23%, and primary
bacteremia in 18% of patients. Treatment failure was reported in 10 patients (26%), while in-hospital mortality in
15 patients (38%). Amonotherapy was used in 8 patients (20.5%), while a combination therapy was required in 31
patients (79.5%). Ceftazidime-avibactam therapy was associated with lower rates of treatment failure (7% vs. 38%,
P = 0.032) independent of severity of liver disease (Child Class) and mono or combination antibiotic therapy.
Acute kidney injury, hepatorenal syndrome, and acute-on-chronic liver failure were the consequences more
frequently observed in patients with treatment failure. In-hospital mortality was associated with treatment fail-
ure, and Ceftazidime-avibactam therapy improved in-hospital survival (log rank test: P = 0.035) adjusted for
Child class and mono or combination therapy. Conclusion: Treatment including ceftazidime-avibactam was asso-
ciated with a lower rate of treatment failure in cirrhotic patients with CRKP infections. Considering the favorable
efficacy and outcomes of ceftazidime-avibactam, this drug should be considered for the treatment of these severe
infections in patients with liver cirrhosis, though further investigation is required. ( J CLIN EXP

HEPATOL xxxx;xxx:xxx)
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patients with liver cirrhosis. In particular, the emerging
resistance to carbapenems, widely used for infections
caused by MDR Gram-negative organisms such as Entero-
bacterales or Pseudomonas aeruginosa, is particularly chal-
lenging in these difficult-to-treat patients.1,2

As a matter of fact, cirrhosis is associated with many
important dysfunctions: abnormalities of the immune sys-
tem, leading to a general immunodeficiency3; susceptibility
to translocation of bacteria from gut to bloodstream4; and
frequent hospital admissions and invasive procedures,
leading to an increased nosocomial exposure to MDR
pathogens.5,6 For all these reasons, these infections repre-
sent a significant therapeutic challenge in cirrhotic pa-
tients, resulting in the development of life-threatening
complications and poor prognosis, in comparison to those
caused by non-MDR organisms.7,8

Recently, data regarding the use of ceftazidime-
avibactam (CAZ-AVI) prefer this new antibiotic over other
antimicrobial regimens and indicate it as the first-line ther-
apy for the treatment of carbapenem-resistant Klebsiella
vier B.V. All rights reserved.
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pneumoniae (CRKP) infections.9,10 However, there are no
specific data regarding the use of CAZ-AVI for the treat-
ment of these severe infections in cirrhotic patients.

The aim of this study was to explore factors associated
with treatment failure or success, in a cohort of cirrhotic
patients treated for CRKP infections during hospitaliza-
tion with different antibiotic regimens.
MATERIALS AND METHODS

Study Population
This is a retrospective, single-center study, conducted at a
large teaching 1200-bed hospital in Rome, Italy. During
the study period, from January 2009 to June 2020, all hos-
pitalized cirrhotic patients with a proven CRKP infection
were enrolled and analyzed.

Inclusion criteria were the following: age $18 years;
liver cirrhosis, based on liver biopsy and/or on clinical,
biochemical, ultrasonographic and endoscopic features;
and a documented CRKP infection. Exclusion criteria
were a presence of end-stage neoplasia (including hepato-
cellular carcinoma) and a concomitant immunosuppres-
sive therapy.

Data of patients were retrospectively extracted from
medical records, computerized hospital databases, and/or
clinical charts, using a standard form. Demographics, clin-
ical radiological and laboratory findings, comorbidities
(including Charlson Comorbidity Index), microbiological
findings, previous invasive procedures, source of infection,
duration of hospital stay, definitive antibiotic therapy, and
in-hospital mortality were collected. Basal clinical and
biochemical parameters were assessed to define the severity
of liver disease, renal function, and electrolyte imbalance.

The severity of liver disease was assessed using either
Child class or the model of end-stage liver
disease score.11 Acute kidney injury (AKI) and hepatorenal
syndrome (HRS) were diagnosed according to interna-
tional criteria.12 Finally, acute-on-chronic liver failure
(ACLF) was recorded in the setting of an acute deteriora-
tion of liver function or other system functions, according
to the EASL-CLIF definition.13

Definitions
Infections were defined according to the standard defini-
tions of the European Center for Disease Prevention and
Control (eCDC);14 Length of hospital stay after CRKP infection
was defined as the number of days from diagnosis of the
infection to discharge or death; In-hospital mortality was
defined by death during the hospitalization; Infection-
related mortality was defined by death attributed to CRKP
infection when it was unresponsive to therapy and/or to
death-related organ failures; treatment failure was defined
by (1) persistence of clinical signs of infection as well as
2 © 2022 Indian National Associa
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positive biomarkers of infection, including C-reactive pro-
tein and procalcitonin; (2) antibiotic resistance to the anti-
microbial susceptibility test and/or persistence of culture
positive after 72 h of antibiotic treatment.15;

Infection relapse was defined as the onset of a second
microbiologically documented CRKP infection during
the index hospitalization, following the resolution of the
original infection.

Microbiology
The etiology of the infection was determined using local
laboratory techniques. The bacterial pellet from positive
cultures was used for Matrix assisted laser desorption/ioni-
zation time of flight (MALDI-TOF) MS (Bruker Daltonics,
Billerica, MA, USA) identification and for molecular anal-
ysis. The SensiTitre� system (Thermo Fisher Scientific,
Waltham, MA, USA) or the Vitek 2 automated system (bio-
M�erieux, Marcy l’Etoile, France) were used for antimicro-
bial susceptibility testing. Minimum inhibitory
concentrations were established according to the Euro-
pean Committee on Antimicrobial Susceptibility Testing
(EUCAST) breakpoint.16

Antimicrobial Treatment Evaluation
Empiric and definitive antibiotic regimens were selected ac-
cording to clinical judgment by infectious disease special-
ists and were subsequently modified according to
microbiological results. Depending on the number of
drugs used (one or more than one), treatment regimens
were classified either as monotherapy or combination ther-
apy. Empiric antibiotic therapy (antimicrobial chemo-
therapy implemented within 24 h after the onset of
infection) was assessed along with definitive antibiotic
therapy (antimicrobial treatment based on in-vitro isolate
susceptibility). Antibiotics analyzed in definitive therapy
were administered for at least 50% of the total duration
of therapy. The time to initial definitive therapy was the period
between the diagnosis of infection and initial definitive
therapy.17

Statistical Analysis
The primary endpoint was the analysis of factors associ-
ated with treatment failure. The secondary endpoint was
the analysis of factors associated with in-hospital mortal-
ity.

Results were expressed as median and Interquartile
Range (25th–75th) or mean and Standard Deviation
(�SD) for continuous variables, or simple frequencies
(n), proportion or percentages (%) for dichotomous vari-
ables. Mann–Whitney U test compared continuous vari-
ables since some continuous variables exhibited skewed
distributions on visual inspection. Instead, the indepen-
dent Student t-test was used to compare normally
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.

ment of Carbapenem-Resistant Klebsiella pneumoniae Infections in Patients
ps://doi.org/10.1016/j.jceh.2022.04.016



Table 1 Characteristics of Cirrhotic Patients According to Treatment, Including or Excluding CAZ-AVI, at the Time of Diagnosis of
KPC Infection.

Variables All treatments
n = 39 (%)

Antibiotic regimens not including CAZ-
AVI n = 24 (%)

Antibiotic regimens including CAZ-AVI
n = 15 (%)

P-
value

Demographics

Male sex 37 (95) 23 (96) 14 (93) 0.753

Age, median (IQR) 60 (54–67) 58 (55–64) 64 (54–69) 0.452

Etiology of cirrhosis

Viral 8 (21) 7 (29) 1 (7) 0.102

Alcohol 15 (38) 8 (33) 7 (47) 0.229

Nash 3 (8) 0 3 (20) 0.024

Viral + Alcohol 5 (13) 2 (8) 3 (20) 0.236

Cryptogenic 5 (13) 5 (21) 0 0.057

Other 3 (8) 2 (8) 1 (7) 0.910

Clinical characteristics

Active alcohol abuse 8 (21) 5 (21) 3 (20) 0.952

HCC ‘Milano in’ 8 (21) 7 (29) 1 (7) 0.06

MELD score, median (IQR) 16 (12–20) 16 (12–20) 17 (11.5–19.5) 0.751

Ascites in history 35 (90) 21 (88) 14 (93) 0.547

Previous hepatic encephalopathy 23 (59) 15 (63) 8 (53) 0.588

Previous hepatorenal syndrome 13 (33) 11 (46) 2 (13) 0.024

Previous esophageal varices 29 (74) 19 (79) 10 (67) 0.418

Recent variceal bleeding 2 (5) 2 (8) 0 0.162

Comorbidities

Diabetes 26 (67) 17 (71) 9 (60) 0.508

COPD 6 (15) 5 (21) 1 (7) 0.197

Cardiovascular disease 19 (49) 10 (42) 9 (60) 0.280

Neurological disease 3 (8) 1 (4) 2 (13) 0.37

Chronic kidney disease 7 (18) 3 (13) 4 (27) 0.311

Neutropenia 2 (5) 0 2 (13) 0.164

Charlson comorbidity index, mean
(�SD)

6 � 2 6 � 1.9 5.8 � 1.7 0.787

Healthcare interventions prior to infection onset

Hospitalization (6 months prior to
infection)

26 (67) 15 (63) 11 (73) 0.491

Antibiotic treatment (30 days prior to
infection)

24 (62) 13 (54) 11 (73) 0.232

Invasive procedures (30 days prior to
infection)

29 (74) 15 (63) 14 (93) 0.015

Dialysis (30 days prior to infection) 2 (5) 0 2 (13) 0.165

TIPS (in the medical history) 6 (15) 5 (21) 1 (7) 0.197

Recent TIPS (30 days prior to
infection)

1 (3) 1 (4) 0 0.328

Urinary catheter (72 h prior to
infection)

24 (62) 16 (67) 8 (53) 0.578

Endoscopy (72 h prior to infection) 3 (8) 0 3 (20) 0.082

(Continued on next page )
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Table 3 Variables Associated With Treatment Failure (Logistic R

B S.E.

Treated with ceftazidime avibactam �2.416 1.068

Child class (A, B, or C) �0.549 0.659

Respiratory infection 0.556 0.802

Table 1 (Continued )

Variables All treatments
n = 39 (%)

Antibiotic regimens not including CAZ-
AVI n = 24 (%)

Antibiotic regimens including CAZ-AVI
n = 15 (%)

P-
value

Variceal ligation (72 h prior to
infection)

4 (10) 2 (8) 2 (13) 0.603

Paracentesis (72 h prior to infection) 15 (38) 9 (38) 6 (40) 0.756

Site of primary infection

Pneumonia 9 (23) 9 (38) 0 0.007

Urinary tract infection 18 (46) 10 (42) 8 (53) 0.51

Spontaneous bacterial peritonitis 3 (8) 2 (8) 1 (7) 0.91

Primary bacteremia 7 (18) 2 (8) 5 (33) 0.042

Skin and soft tissue infection 2 (5) 2 (8) 0 0.267

CRKP infection in >1 site 8 (21) 7 (29) 1 (7) 0.06

Polymicrobial infection 21 (54) 15 (63) 6 (40) 0.184

CAZ-AVI, Ceftazidime-Avibactam; NASH, Non-Alcoholic Steatohepatitis; HCC, Hepatocellular Carcinoma; MELD, Model for End-stage Liver Disease;
COPD, Chronic Obstructive Pulmonary Disease; TIPS, Transjugular Intrahepatic Portosystemic Shunt; CRKP, Carbapenem-Resistant Klebsiella pneu-
moniae.

Table 2 Main Outcomes of CRKP Infections in Cirrhotic
Patients.

Variables All
treatments
n = 39 (%)

Other
antibiotic
regimens
n = 24 (%)

CAZ-AVI
n = 15 (%)

P-
value

Duration of antibiotic
therapy, median (IQR)

10 (8–19) 10 (7–15) 11 (8–17) 0.347

Duration of hospital stay
after CRKP infection
onset, median (IQR)

23 (14–35) 16 (10–25) 23 (15–44)0.032

Duration from infection
onset to initiation of
targeted treatment,
median (IQR)

3 (2–5) 3 (2–5) 3 (2–4.5) 0.721

Treatment failure 10 (26) 9 (38) 1 (7) 0.032

Acute kidney injury 14 (36) 9 (38) 5 (33) 0.755

Hepatorenal syndrome 11 (28) 7 (29) 4 (27) 0.894

Acute-on-chronic liver
failure

18 (46) 13 (54) 5 (33) 0.206

In-hospital mortality 15 (38) 11 (46) 4 (27) 0.242

Death directly related to
the infection

8 (21) 7 (29) 1 (7) 0.102

Infection relapse 2 (5) 0 2 (13) 0.074

CAZ-AVI, Ceftazidime-Avibactam; CRKP, Carbapenem-Resistant Klebsi-
ella pneumoniae.
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distributed variables. Dichotomous variables were evalu-
ated by using the chi-square test or Fisher's exact test, as
required. Univariate conditional logistic regression was
used by comparing the two groups for each variable of in-
terest, and Odds Ratio, 95% confidence intervals (95% CIs),
and P-values were calculated. Multivariate logistic regres-
sion models were used to identify independent risk factors
for treatment failure. Cox proportional hazard model was
also used to identify parameters for treatment failure and
in-hospital mortality. Kaplan–Meier survival curve (Log
rank test) was also utilized for in-hospital mortality after
considering confounding factors. When interpreting the
results, a P-value of less than 0.05 was considered indicative
of a significant difference. All computations were done
with SPSS software (version 22; SPSS Inc. Chicago IL,
USA).
RESULTS

During the study period, 57 cirrhotic patients with
confirmed invasive CRKP infections were enrolled; of
whom, 18 patients were excluded from final analysis
(end-stage neoplasia and/or immunosuppressive therapy).
In our epidemiological setting, all the CRKP infections
were due to KPC-2 strains.

Characteristics of all 39 cirrhotic patients, according to
treatment including or excluding CAZ-AVI, are reported in
egression).

Wald gl Sign. OR 95% C.I.

5.114 1 0.024 0.089 0.011––0.725

0.693 1 0.405 0.578 0.159––2.103

0.481 1 0.488 1.744 0.362––8.398

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 4 Cox Regression Analysis for Factors Associated With Treatment Failure.

B S.E. Wald gl Sign. HR 95% C.I.

Treated with ceftazidime avibactam �2.126 1.061 4.012 1 0.045 0.119 0.015––0.955

Child class (A, B, or C) 0.196 0.647 0.091 1 0.762 1.216 0.342––4.325

Monotherapy or polytherapy 0.263 0.810 0.106 1 0.745 1.301 0.266––6.364
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Table 1. Overall, themedian age was 60 years with amedian
model of end-stage liver disease score of 16 points and a
Charlson Comorbidity Index of 6 points. Regarding the
primary source of CRKP infection, urinary tract infection
was diagnosed in 18 patients (46%), followed by pneu-
monia in 9 patients (23%), and primary bacteremia in 7 pa-
tients (18%). Main characteristics of the two cohorts at
basal were comparable, although bacteremia was more
frequent in patients treated with regimens including
CAZ AVI and episodes of pneumonia were only reported,
as the site of infection, in patients in the older cohort
who were not treated with CAZ AVI. Polymicrobial infec-
tions were frequent and not significantly different in the
two groups.

The main outcomes of CRKP infections are reported in
Table 2. 10 patients (26%) experienced treatment failure.
During hospitalization, 14 patients (36%) developed AKI,
11 patients (28%) developed HRS, and 18 patients (46%)
developed ACLF. In-hospital mortality was observed in
15 patients (38%). Rates of treatment failure were lower
in patients treated with regimens, including CAZ-AVI
(7% vs 38%, P = 0.032).

Antibiotic regimen used for the treatment of CRKP in-
fections was monotherapy in 8 patients (20.5%), and com-
bination therapy in 31 patients (79.5%). The most
frequently used combined antibiotic regimens
were carbapenem + CAZ-AVI, double carbapenem
therapy + tigecycline, and fosfomycin + CAZ-AVI
(Supplementary Table 1).

Univariate analysis showed that age, gender, and comor-
bidities were not significantly associated with treatment
failure. Pneumonia was associated with a higher rate of
treatment failure. A logistic regression analysis of factors
associated with treatment failure in cirrhotic patients is re-
ported in Table 3. CAZ-AVI-containing regimens were
associated with a lower rate of treatment failure indepen-
dent of the severity of liver disease (Child class) or a diag-
nosis of pneumonia. A Cox regression analysis for
treatment failure is reported in Table 4, in which we
included among the variables, the use of mono or combi-
Table 5 Cox Regression Analysis for Factors Associated With in

B S.E.

Treated with ceftazidime avibactam �1.313 0.662

Child class (A, B, or C) 0.401 0.562

Monotherapy or polytherapy 0.170 0.672
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nation antibiotic regimens. CAZ-AVI-containing regimens
were associated with a lower rate of treatment failure inde-
pendent of the severity of liver disease (Child class) or the
use of mono or combination antibiotic regimens (See
Table 5).

As expected, AKI (70% vs 24%, P = 0.01), HRS (70% vs
14%, P < 0.001), and ACLF (90% vs 31%, P = 0.001) during
the hospitalization, occurred more frequently in patients
with treatment failure. Although in hospital mortality
was not associated with treatment on univariate analysis,
we examined this variable, which was related to treatment
failure, by a Cox analysis. In-hospital survival was associ-
ated with CAZ-AVI containing regimens adjusted for the
Child class and mono or combination antibiotic regimens.

As reported in Figure 1, the Kaplan–Meier curve depicts
an improved in-hospital survival for cirrhotic patients
treated with CAZ-AVI, after adjustments for Child class
and the use of mono or combination antibiotic therapies
(P = 0.028).
DISCUSSION

In recent years, the emergence of CRKP infections in
cirrhotic patients has been reported worldwide, with
studies examining their severe outcomes in this popula-
tion.1,18 In a recent small prospective study from Taiwan,
liver cirrhosis was found to be a predictor for the presence
of a CRKP infection.19

Many observational studies examined the outcomes of
CRKP infections and their potential therapies in the gen-
eral population. A recent meta analysis pooled the results
from 51 studies, revealing an overall mortality rate of
37% and a clear survival benefit for the combination ther-
apy compared to monotherapy (OR 1.45, 95% CI 1.18–
1.78%).20

To the best of our knowledge, this is the first study eval-
uating the role of CAZ-AVI in infections caused by CRKP
in cirrhotic patients. We reported, in our cohort, a lower
rate of treatment failure in patients treated with antibiotic
regimens containing CAZ-AVI. Additionally, we confirm
Hospital Survival.

Wald gl Sign. HR 95% C.I.

3.927 1 0.048 0.269 0.073––0.986

0.509 1 0.475 1.493 0.497––4.490

0.064 1 0.801 1.185 0.318––4.418

x | xxx 5
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Figure 1 In hospital survival according to the presence of CAZ AVI in the antibiotic treatment of cirrhotic patients with CRKP infection. (CAZ-AVI, Cef-
tazidime-Avibactam).
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that treatment failure is associated with the decompensa-
tion of cirrhosis and worse outcome (AKI, HRS, ACLF).

Studies and guidelines have clearly emphasized the
importance of a timely administration of appropriate anti-
microbial therapy after a diagnosis of bacterial infection in
cirrhotic patients.21,22 Our study adds some knowledge
about the use of CAZ-AVI for the treatment of CRKP infec-
tions in patients with liver cirrhosis. The epidemiology of
this infection has shown a steep increase in our hospital
in the last years and treatment can be a challenge. Allaire
et al demonstrated that the use of nephrotoxic drugs,
such as aminoglycosides and colistin, in cirrhotic patients,
increases the risk of renal failure, and subsequent mortal-
ity.23 For this reason, even if these antibiotics are some-
times utilized in CRKP infections, their use in patients
with liver cirrhosis is always to be considered with caution.
CAZ-AVI has demonstrated a relatively safer profile that
could potentially favor its use in cirrhotic patients.24,25

Recent studies have highlighted a statistically signifi-
cant survival benefit for CAZ-AVI use over other antibiotic
regimens in the general population, but no specific data
about a cirrhotic cohort treated by CAZ-AVI are available.26

In our study, we had the opportunity to examine a cohort
of cirrhotic patients all with a microbiological diagnosis of
CRKP treated with antibiotic regimens including or
excluding CAZ-AVI. Unfortunately, all episodes of respira-
tory infections were reported in the older cohort, when
CAZ-AVI was not yet available. This could represent a
bias, as pneumonia are difficult-to-treat infections, consid-
ering the poor lung penetration of most antibiotics. Never-
theless, treatments including CAZ-AVI were associated
with a lower rate of treatment failure even after adjusting
for the presence of pneumonia.
6 © 2022 Indian National Associa
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Furthermore, the antibiotic regimens utilized in both
cohorts of patients were less frequently monotherapies
and more often combined therapies. This could raise the
question whether the reduction of the rate of treatment
failure was related to CAZ-AVI or more associated with
the use of combined vs mono antibiotic therapy as sug-
gested by a meta-analysis in the general population.20

However, in our analysis treatment with CAZ-AVI was
associated with a lower rate of treatment failure also
when adjusted for mono or combined therapy.

Cirrhotic patients with CRKP infections are known to
develop higher rates of complications than non-MDR in-
fections.27–29 In our analysis, complications like AKI,
HRS, and ACLF were, as expected, consequences
independently associated with treatment failure. This
explains why the regimens including CAZ AVI in our
study, through a lower rate of treatment failure, were
also associated with a better in hospital survival when
analyzed with the Cox regression analysis.

This study has important limitations. The retrospective
design of the study and the relatively small sample size
should be considered as an important bias limiting the
strength of our results. Furthermore, CAZ-AVI was mostly
utilized when combined with other antibiotics, which may
prevent evaluating the specific effect of this antibiotic.
Finally, Pneumonia, one of the most severe infections
occurring in patients with cirrhosis, was only observed in
patients not receiving CAZ-AVI, which could have had an
impact on infection resolution and in-hospital mortality
in the two groups.

Importantly, when considering the treatment for CRKP
infections, an attention should be given to the type of Car-
bapenemases produced by the specific bacterial strains,
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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conferring the resistance to Carbapenem, namely KPC
(Klebsiella Pneumoniae Carbapenemase), OXA-48, and
MBL (Metallo-Beta-Lactamase), in particular NDM (New
Delhi Metallo-beta-lactamase). In fact, from an epidemio-
logic perspective, different areas in the world are character-
ized by prevalence of one of the above, rather than the
other. In Italy, the location of this study, the prevalent
strain is KPC-3.7 Indeed, in previous studies, CAZ-AVI
demonstrated in vitro activity against Carbapenem-
resistant isolates that produce either KPC or OXA-48
carbapenemases but not for MBL.30 Notably, in MBL
strains, the addition of Aztreonam was found to be of
advantage in the non-cirrhotic population in a recent
study.31 In this setting, it is possible that the clinical benefit
of CAZ-AVI that was found in the present study might not
be applicable in areas whereMBL-producing strains are the
prevalent CRKP Type.

In conclusion, this is the first study evaluating the role
of CAZ-AVI regimens for the treatment of infections
caused by CRKP in cirrhotic patients. Considering the
lower rates of treatment failure and favorable in-hospital
survival associated with the use of antibiotic regimens con-
taining CAZ-AVI, this drugmay be considered for the treat-
ment of these severe infections in patients with cirrhosis.
This study calls for future randomized trials with larger
sample sizes to re-affirm our results and allow for the
formulation of guidelines for the use of CAZ AVI treat-
ment in cirrhotic patients.
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