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Abstract
Background

Novel B-lactam/B-lactamase inhibitor combinations have expanded treatment options for carbapenem-
resistant Gram-negative infections; however, comparative real-world evidence in critically ill liver
transplant recipients remains limited. We compared the clinical effectiveness and cost-effectiveness of
ceftazidime—avibactam (CAZ/AVI) with colistin—-meropenem for intensive care unit (ICU)-acquired
multidrug-resistant (MDR) Gram-negative infections in adult liver transplant recipients.

Materials and Methods

In this retrospective comparative cohort study, 190 adult liver transplant recipients treated between
October 2021 and April 2025 received definitive therapy with either CAZ/AVI monotherapy (n = 100) or
colistin—meropenem combination therapy (n = 90). The primary outcome was clinical response.
Secondary outcomes included microbiological eradication, sepsis-related mortality, 30-day all-cause in-
hospital mortality, ICU and hospital length of stay, and pharmacoeconomic outcomes. Cost-
effectiveness was assessed using incremental cost-effectiveness ratios (ICERs), non-parametric
bootstrap resampling, cost-effectiveness planes, and cost-effectiveness acceptability curves.

Results

Clinical response was significantly higher with CAZ/AVI than with colistin—-meropenem (87.5% vs 57.6%,
p <0.001). CAZ/AVI also achieved higher microbiological eradication (95.8% vs 72.9%, p <0.001) and
substantially lower sepsis-related mortality (11.1% vs 42.4%, p < 0.001), whereas 30-day all-cause in-
hospital mortality did not differ significantly between groups (p = 0.377). Although antimicrobial
acquisition costs were higher with CAZ/AVI, pharmacoeconomic analyses demonstrated favorable cost-
effectiveness, with an ICER of 54,442.13 TL per additional clinical success, supported by bootstrap and
acceptability analyses.

Conclusions

CAZ/AVI was associated with superior clinical response, greater microbiological eradication, lower
sepsis-related mortality, and favorable cost-effectiveness compared with colistin—-meropenem. These
findings support CAZ/AVI as an effective definitive treatment option for critically ill liver transplant
recipients with ICU-acquired MDR Gram-negative infections.

INTRODUCTION
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Liver transplantation (LT) has substantially improved survival for patients with end-stage liver disease;
however, infectious complications remain a major cause of early postoperative morbidity and mortality
despite advances in surgical techniques, perioperative care, and immunosuppressive therapy [1]. The
burden of infection is particularly high among recipients requiring intensive care unit (ICU) support, in
whom severe healthcare-associated infections continue to compromise graft function, prolong
hospitalization, and adversely affect survival.

Recipients requiring intensive care unit (ICU) support represent the most vulnerable subgroup among
liver transplant recipients because prolonged critical illness, invasive supportive interventions, and
extensive antimicrobial exposure substantially increase the risk of healthcare-associated infections and
multidrug-resistant (MDR) pathogen acquisition [2]. Consequently, prompt recognition of ICU-acquired
infections and timely initiation of appropriate antimicrobial therapy are essential for improving clinical
outcomes, preserving graft function, and reducing infection-related mortality in this high-risk population

[3].

Among healthcare-associated infections, multidrug-resistant (MDR) Gram-negative bacteria have
emerged as one of the greatest therapeutic challenges in liver transplant recipients. Carbapenem-
resistant Klebsiella pneumoniae, difficult-to-treat Pseudomonas aeruginosa, and MDR Escherichia coli are
increasingly encountered in transplant ICUs and are associated with limited therapeutic options,
prolonged hospitalization, graft-related complications, and excess mortality [4]. The global spread of
carbapenem-resistant Enterobacterales has further restricted effective treatment options, highlighting
the urgent need for active targeted antimicrobial therapies [5].

Successful treatment of MDR Gram-negative infections depends largely on the prompt administration of
an active antimicrobial agent, whereas delays in appropriate therapy are consistently associated with
poorer clinical outcomes [6]. Although colistin-based combination regimens remained one of the few
therapeutic options for carbapenem-resistant Gram-negative infections for many years, their clinical use
has been increasingly limited by nephrotoxicity, suboptimal pharmacokinetic properties, and the
emergence of polymyxin resistance [7]. Consequently, ceftazidime—avibactam (CAZ/AVI) has emerged
as an important therapeutic alternative because of its potent activity against many carbapenem-
resistant Gram-negative pathogens and its more favorable safety profile [8].

Although observational studies have reported favorable outcomes with CAZ/AVI, most available
evidence has been derived from heterogeneous patient populations in which liver transplant recipients
represent only a small proportion of enrolled patients [9]. Furthermore, comparative studies
simultaneously evaluating both clinical effectiveness and cost-effectiveness of CAZ/AVI specifically in
critically ill liver transplant recipients remain scarce, despite the increasing economic burden associated
with novel antimicrobial therapies [10]. Consequently, high-volume liver transplant centers provide a
unique opportunity to generate clinically meaningful real-world evidence in a homogeneous population at
exceptionally high risk for MDR Gram-negative infections [11].
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Accordingly, we compared ceftazidime—avibactam monotherapy with colistin—meropenem combination
therapy in adult liver transplant recipients with ICU-acquired MDR Gram-negative infections treated at a
high-volume liver transplantation center. We aimed to compare clinical effectiveness, microbiological
eradication, sepsis-related mortality, and cost-effectiveness, thereby addressing an important evidence
gap in the management of MDR Gram-negative infections in transplant critical care.

MATERIALS AND METHODS
Study Design and Setting

This retrospective comparative cohort study was conducted at the Liver Transplant Institute of inénii
University Faculty of Medicine, Malatya, Tirkiye, a high-volume liver transplant center in Tirkiye, between
October 2021 and April 2025. The study compared the real-world clinical and pharmacoeconomic
outcomes of ceftazidime-avibactam (CAZ/AVI) monotherapy and colistin—meropenem combination
therapy in adult liver transplant recipients with ICU-acquired multidrug-resistant (MDR) Gram-negative
infections. A single-center design was adopted to ensure uniformity in surgical practice, perioperative
management, microbiological procedures, antimicrobial stewardship, and intensive care management
throughout the study period.

Study Population

Adult liver transplant recipients (= 18 years) admitted to the transplant intensive care unit (ICU) between
October 2021 and April 2025 were screened for eligibility. Patients were included if they developed
microbiologically confirmed ICU-acquired MDR Gram-negative infections and received definitive
treatment with either CAZ/AVI monotherapy or colistin—-meropenem combination therapy.

Included patients had microbiologically confirmed infections caused by MDR Klebsiella pneumoniae,
Pseudomonas aeruginosa, or Escherichia coli isolated from clinically significant specimens. Only the first
eligible infectious episode during each ICU admission was included. Patients receiving alternative
definitive antimicrobial regimens, those with polymicrobial infections requiring additional Gram-negative
therapy, incomplete clinical or microbiological data, or death within 72 hours from non-infectious causes
were excluded.

Data Collection

Demographic, clinical, microbiological, therapeutic, and pharmacoeconomic data were retrospectively
collected using a standardized data extraction form. Information was obtained from the electronic
medical record system, microbiology laboratory database, pharmacy dispensing records, hospital billing
system, and daily physician and nursing documentation. Data from all sources were cross-checked
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before analysis, and only infectious episodes with complete clinical, microbiological, treatment, and cost
data were included. All data were anonymized before statistical analysis.

Microbiological Procedures

Clinical specimens were processed in the Department of Medical Microbiology according to routine
laboratory procedures. Blood culture bottles were incubated in an automated blood culture system and
positive cultures were subcultured onto appropriate media for organism isolation.

Bacterial identification was performed using matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) with the VITEK MS system (bioMérieux, Marcy-I'Etoile, France)
according to the manufacturer's instructions [12].

Antimicrobial susceptibility testing was performed using the VITEK 2 Compact automated system
(bioMérieux, Marcy-I'Etoile, France). Results were interpreted according to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) clinical breakpoints applicable during the study period.
Colistin susceptibility was determined by the reference broth microdilution method in accordance with
current EUCAST recommendations [13, 14].

Definitions

MDR Gram-negative bacteria were defined as isolates exhibiting acquired non-susceptibility to at least
one antimicrobial agent in three or more antimicrobial categories according to the international expert
proposal by Magiorakos et al [15].

The primary outcome was clinical response at completion of definitive antimicrobial therapy, defined as
complete resolution of infection-related signs and symptoms without escalation or modification of
definitive antimicrobial therapy or initiation of additional Gram-negative antimicrobial agents. Secondary
outcomes included microbiological eradication, sepsis-related mortality, 30-day all-cause in-hospital
mortality, ICU length of stay, hospital length of stay, and direct antimicrobial treatment costs.
Microbiological eradication was defined as the absence of the initial pathogen in clinically indicated
follow-up cultures. Outcomes were assessed using predefined study criteria, and only patients with
complete follow-up data were included in the final analyses.

Ethical Approval

The study protocol was approved by the Malatya Clinical Research Ethics Committee (Approval No.
8816/2025). The study was conducted in accordance with the Declaration of Helsinki. Because of the
retrospective design and use of anonymized routinely collected clinical data, the requirement for written
informed consent was waived by the Ethics Committee.

Pharmacoeconomic Evaluation
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Direct medical costs were obtained from institutional pharmacy dispensing records and hospital billing
databases. Cost-effectiveness analysis was performed from the hospital perspective using clinical
response as the primary measure of effectiveness. Mean treatment costs and clinical effectiveness
were calculated before estimation of incremental cost (ACost), incremental effectiveness (AEffect), and
the incremental cost-effectiveness ratio (ICER).

Parameter uncertainty was assessed using non-parametric bootstrap resampling with 5,000 iterations.
Cost-effectiveness was evaluated using the cost-effectiveness plane, cost-effectiveness acceptability
curves (CEACs), and the net monetary benefit (NMB) framework across a range of willingness-to-pay
thresholds.

Statistical Analysis

Continuous variables were expressed as mean t standard deviation (SD) or median (interquartile range
[IQRY]), as appropriate, whereas categorical variables were summarized as frequencies and percentages.
Between-group comparisons were performed using the independent-samples t test or Mann—Whitney U
test for continuous variables and the chi-square or Fisher's exact test for categorical variables, as
appropriate.

Statistical analyses were performed using IBM SPSS Statistics version 29.0 (IBM Corp., Armonk, NY,
USA) and R software version 4.4.1 (R Foundation for Statistical Computing, Vienna, Austria). All
statistical tests were two-sided, and a p value <0.05 was considered statistically significant.

Because important baseline ICU severity indices (e.g., SOFA and APACHE Il) were unavailable or
incompletely recorded, multivariable regression analysis was not performed. A post hoc power analysis
was conducted using G*Power version 3.1.9.7 (Heinrich Heine University, Diisseldorf, Germany). Based
on the final study sample and a two-sided a level of 0.05, the estimated statistical power was
approximately 80%. The post hoc power analysis was performed for descriptive purposes only and was
not used to determine the study sample size.

RESULTS

Patient Characteristics and Clinical Outcomes

A total of 190 adult liver transplant recipients with microbiologically confirmed ICU-acquired MDR Gram-
negative infections met the study eligibility criteria, including 100 patients treated with ceftazidime-
avibactam (CAZ/AVI) monotherapy and 90 treated with colistin—meropenem combination therapy. No
significant differences were observed in baseline demographic and clinical characteristics between
treatment groups, although antimicrobial acquisition costs were significantly higher in the CAZ/AVI
group (Table 1).

Despite higher antimicrobial acquisition costs, patients receiving CAZ/AVI achieved significantly better
clinical outcomes. Clinical response was observed in 87.5% of patients treated with CAZ/AVI compared
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with 57.6% of those receiving colistin—meropenem (p<0.001). Likewise, microbiological eradication rates
were significantly higher in the CAZ/AVI group (95.8% vs 72.9%, p<0.001). Most importantly, sepsis-
related mortality was markedly lower among patients receiving CAZ/AVI (11.1% vs 42.4%, p<0.001). In
contrast, no statistically significant difference was observed in 30-day all-cause in-hospital mortality
between treatment groups (p = 0.377) (Table 1).

Table 1. Baseline characteristics and selected clinical outcomes of liver transplant recipients with ICU-
acquired multidrug-resistant Gram-negative infections treated with ceftazidime—avibactam or colistin—
meropenem.

Variable Colistin— Median CAZ/AVI Median P
Meropenem (IQR) (n=100)Mean * (IQR) value
(n=90)Mean + SD SD

Age 53.36 £ 12.45 56 (17) 51.08 £ 12.91 52.5(15.5) 0.238

Hospital stay 55.15 + 28.53 52 (44) 52.17 +27.88 49.5 (39.5) 0.480

(days)

Antimicrobial 5747.57 4628.96 22080.21 17546.89 <0.001

?cq)uisition cost 4955.03 (5231.64) 11510.44 (15670.92)

TL
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Variable Colistin—-Meropenem (n=90)n  CAZ/AVI (n=100)n P

(%) (%) value
Gender 0.506
Male 54 (60.0) 42 (42.0)
Female 31 (34.4) 30 (30.0)
Missing 5(5.6) 28 (28.0)
Microbiological eradication <0.001
No 23 (27.1) 3(4.2)
Yes 62 (72.9) 69 (95.8)
In-hospital mortality within 30 0.377
days
No 46 (54.1) 44 (61.1)
Yes 39 (45.9) 28 (38.9)
Clinical response <0.001
No 36 (42.4) 9 (12.5)
Yes 49 (57.6) 63 (87.5)
Sepsis-related mortality <0.001
No 49 (57.6) 64 (88.9)
Yes 36 (42.4) 8(11.1)

Footnotes: Baseline demographic and clinical characteristics of patients receiving ceftazidime-
avibactam (CAZ/AVI) monotherapy or colistin—meropenem combination therapy are presented. Gender
data were unavailable for 33 patients and were therefore analyzed using available cases. Continuous
variables are expressed as median (interquartile range) or mean * standard deviation as appropriate, and
categorical variables are presented as number and percentage. Outcome analyses were performed using
available cases with complete follow-up data.

Microbiological Characteristics

Microbiological characteristics of 169 infectious episodes are summarized in Table 2. Intra-abdominal
infections were the most common infection source among patients receiving CAZ/AVI, whereas
pneumonia and ventilator-associated pneumonia predominated in the colistin—-meropenem group.
Klebsiella pneumoniae was the most frequently isolated pathogen in both treatment groups, followed by
Pseudomonas aeruginosa and Escherichia coli.
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Among carbapenem-resistant isolates, OXA-48 was the predominant resistance mechanism in both
treatment groups, whereas NDM, KPC, IMP, and VIM carbapenemases were identified less frequently.
Overall, resistance mechanism profiles were broadly comparable between treatment groups. However,
significant differences were observed in infection source distribution and in the relative frequencies of K.
pneumoniae and P. aeruginosa (Table 2).

Table 2. Microbiological Characteristics of ICU-Acquired MDR Gram-Negative Infections

Variable CAZ/AVI (n=85) Colistin—-Meropenem (n=84) P value

Infection source

Intra-abdominal infection 54 (63.5) 37 (44.0) 0.014
Pneumonia/VAP 12 (14.1) 32(38.1) <0.001
Urinary tract infection 18 (21.2) 11(13.1) 0.221
Other 1(1.2) 4 (4.8) 0.210

Pathogen distribution

Klebsiella pneumoniae 41 (48.2) 56 (66.7) 0.020
Pseudomonas aeruginosa 23 (27.1) 37 (44.0) 0.025
Escherichia coli 7 (8.2) 5(6.0) 0.766

Carbapenemase detected

OXA-48-like 47 (55.3) 59 (70.2) 0.056
NDM 8 (9.4) 8 (9.5) 1.000
OXA-48-like + NDM 17 (20.0) 7 (8.3) 0.046
KPC 4(4.7) 2 (2.4) 0.682
IMP 2 (2.4) 2 (2.4) 1.000
VIM 2 (2.4) 0 (0.0) 0.497

Data are presented as n (%). CAZ/AV], ceftazidime—avibactam; MDR, multidrug-resistant; VAP, ventilator-
associated pneumonia. Carbapenemase data refer to isolates from patients included in the study cohort.

Pharmacoeconomic Outcomes

Cost-effectiveness analysis demonstrated that the superior clinical effectiveness of CAZ/AVI was
achieved at a higher antimicrobial acquisition cost. The absolute improvement in clinical response was
0.299 (AEffect = 0.299), corresponding to an incremental cost-effectiveness ratio (ICER) of 54,442.13 TL
per additional clinical success (Table 3).
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Table 3. Incremental cost-effectiveness analysis comparing ceftazidime—avibactam and colistin—
meropenem therapy.

Parameter Value
Average cost — Colistin—Meropenem (TL)  5,747.57
Average cost — CAZ/AVI (TL) 22,080.21
Incremental cost (ACost) (TL) 16,332.64
Clinical response — Colistin—Meropenem  57.6%
Clinical response — CAZ/AVI 87.5%

Incremental effectiveness (AEffect) 0.299

ICER (TL per additional clinical success) 54,442.13

ICER (Incremental cost-effectiveness ratio) (TL per additional clinical success) was calculated as the
incremental cost divided by the incremental effectiveness (clinical response rate). Clinical response was
used as the primary effectiveness outcome. Costs are presented in Turkish Lira (TL).

Bootstrap-based pharmacoeconomic analysis confirmed the robustness of the base-case findings
(Table 4).

Table 4. Base-case cost and effectiveness results with bootstrap-derived 95% confidence intervals

Outcome Colistin- CAZ/AVI Increment (CAZ/AVI -
Meropenem Colistin—Meropenem)
Clinical effectiveness 0.576 (0.470- 0.875(0.791-0.945)  0.299
0.684)
Mean cost (TL) 5,747.57 22,080.21 16,332.64
(4,796.23- (19,577.20-
6,906.42) 24,816.83)
ICER (TL per additional — — 54,442.13
clinical success)

Values are presented as mean (95% bootstrap confidence interval), unless otherwise indicated. Base-
case estimates of treatment cost and clinical effectiveness were derived from bootstrap resampling.
ICER, incremental cost-effectiveness ratio; TL, Turkish Lira.

Across 5,000 bootstrap replications, CAZ/AVI consistently demonstrated greater clinical effectiveness
than colistin—-meropenem while remaining associated with higher antimicrobial acquisition costs.
Accordingly, all bootstrap estimates were located in the northeast quadrant of the cost-effectiveness
plane (Figure 1).
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Cost-effectiveness acceptability curve (CEAC) analysis demonstrated that the probability of CAZ/AVI
being cost-effective increased substantially at willingness-to-pay thresholds above approximately
50,000-60,000 TL, approaching nearly 100% at thresholds exceeding 100,000 TL (Figure 2).

DISCUSSION

The management of ICU-acquired multidrug-resistant (MDR) Gram-negative infections in liver transplant
recipients remains one of the greatest therapeutic challenges in contemporary transplant medicine
because treatment decisions must balance antimicrobial efficacy, toxicity, emerging resistance, and
healthcare costs in an exceptionally vulnerable patient population. In this comparative cohort,
ceftazidime—avibactam (CAZ/AVI) was associated with substantially higher clinical response and
microbiological eradication rates, together with markedly lower sepsis-related mortality, than colistin—
meropenem therapy. Although CAZ/AVI was associated with higher antimicrobial acquisition costs,
pharmacoeconomic analysis demonstrated favorable cost-effectiveness. Collectively, these findings
suggest that optimizing definitive antimicrobial therapy can improve both clinical outcomes and the
overall value of care in critically ill liver transplant recipients.

The favorable outcomes observed with CAZ/AVI in our cohort are consistent with the evolving
therapeutic landscape for carbapenem-resistant Gram-negative infections, in which novel B-lactam/p-
lactamase inhibitor combinations have progressively replaced polymyxin-based regimens as preferred
definitive therapy when in vitro susceptibility is confirmed. Recent international guidelines recommend
CAZ/AVI for susceptible carbapenem-resistant Enterobacterales because of its superior efficacy and
improved safety profile compared with polymyxin-based therapies [16]. These recommendations are
supported by systematic reviews and meta-analyses demonstrating higher clinical success, improved
microbiological eradication, and lower mortality with CAZ/AVI than with colistin-containing regimens
[17]. Similarly, multicenter observational studies have confirmed survival benefits in critically ill patients
with severe carbapenem-resistant Gram-negative infections [18]. Our findings extend this evidence by
demonstrating that these advantages are maintained in a homogeneous cohort of liver transplant
recipients, supporting early administration of an active and well-tolerated antimicrobial agent as a key
determinant of successful management in transplant-associated MDR Gram-negative infections [19].

The substantial reduction in sepsis-related mortality observed with CAZ/AVI represents one of the most
clinically important findings of this study and is consistent with evidence showing that timely
administration of an active antimicrobial agent is a key determinant of survival in carbapenem-resistant
Gram-negative infections [20]. Previous comparative studies have likewise demonstrated lower infection-
attributable mortality and higher survival rates with CAZ/AVI than with colistin-containing regimens,
supporting the link between improved microbiological eradication and better clinical outcomes [21]. In
contrast, the absence of a significant difference in 30-day all-cause mortality should be interpreted
cautiously because early mortality after liver transplantation is influenced by multiple competing factors,
including graft dysfunction, surgical complications, rejection, severe immunosuppression, and non-
infectious organ failure [22]. Therefore, infection-specific outcomes such as sepsis-related mortality may
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provide a more appropriate measure of antimicrobial effectiveness than all-cause mortality in critically ill
liver transplant recipients receiving targeted therapy for multidrug-resistant pathogens [23].

The significantly higher microbiological eradication rate achieved with CAZ/AVI provides an important
explanation for its superior clinical performance. Durable eradication of carbapenem-resistant Gram-
negative pathogens is particularly important in liver transplant recipients because persistent infection
may lead to recurrent bacteremia, prolonged ICU stay, repeated antimicrobial exposure, and emergence
of further resistance [24]. In contrast, the clinical utility of polymyxin-based regimens has become
increasingly limited by suboptimal pharmacokinetics, poor tissue penetration, and dose-dependent
nephrotoxicity, particularly during prolonged treatment [25]. Recent studies have further demonstrated
that the improved efficacy of CAZ/AVI is accompanied by a more favorable safety profile, allowing
optimization of definitive antimicrobial therapy while reducing the toxicity concerns associated with
colistin-containing regimens [26]. These advantages are especially relevant in liver transplant recipients,
in whom preservation of renal function and avoidance of treatment-related adverse events are essential
for successful postoperative management and long-term graft outcomes [27].

The pharmacoeconomic findings further strengthen the clinical advantages of CAZ/AVI by
demonstrating favorable economic value despite its higher acquisition cost. Although CAZ/AVI required
greater antimicrobial expenditure than colistin—meropenem, the incremental cost-effectiveness ratio
(ICER) remained economically acceptable when interpreted alongside the substantial improvement in
clinical response. Bootstrap analysis confirmed the robustness of these findings, while both the cost-
effectiveness plane and cost-effectiveness acceptability curve consistently supported the favorable
economic profile of CAZ/AVI across clinically relevant willingness-to-pay thresholds [28]. These findings
are consistent with previous economic evaluations demonstrating that the higher acquisition cost of
CAZ/AVI may be offset by improved clinical outcomes, lower treatment failure rates, and reduced
downstream healthcare utilization [29]. From a healthcare system perspective, antimicrobial selection
should therefore be guided not only by acquisition cost but also by overall treatment value, incorporating
effectiveness, safety, and resource utilization [30]. This approach may be particularly important in high-
volume liver transplant centers, where preventing recurrent infections, reducing ICU resource utilization,
and preserving graft function have important clinical and economic implications beyond the index
hospitalization [31].

The findings of this study have important implications for antimicrobial stewardship in transplant critical
care. As antimicrobial resistance continues to increase globally, optimizing definitive therapy requires
consideration not only of microbiological activity but also of clinical effectiveness, treatment-related
toxicity, and healthcare resource utilization [32]. In high-risk populations such as liver transplant
recipients, selection of an effective targeted antimicrobial regimen may reduce exposure to nephrotoxic
agents, minimize recurrent infections, and preserve graft function while improving patient outcomes [33].
These considerations are particularly relevant in high-volume transplant centers, where the clinical and
economic burden of MDR Gram-negative infections remains substantial [34]. Future prospective
multicenter studies with standardized antimicrobial stewardship strategies and long-term follow-up are
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needed to validate these findings and further define the role of CAZ/AVI in transplant-associated MDR
Gram-negative infections [35].

Strengths and Limitations

A major strength of this study is its exclusive focus on adult liver transplant recipients with ICU-acquired
MDR Gram-negative infections while simultaneously evaluating clinical effectiveness, microbiological
eradication, sepsis-related mortality, and pharmacoeconomic outcomes within a standardized transplant
setting.

This study has several limitations. First, its retrospective single-center design may limit the
generalizability of the findings. Second, the relatively small sample size may have limited the statistical
power for some secondary outcomes. Finally, incomplete ICU severity data precluded multivariable
regression analysis, leaving the possibility of residual confounding.

Conclusions

CAZ/AVI was associated with improved clinical response, higher microbiological eradication, lower
sepsis-related mortality, and favorable cost-effectiveness compared with colistin—meropenem in adult
liver transplant recipients with ICU-acquired MDR Gram-negative infections. These findings support
CAZ/AVI as an effective definitive treatment option for this high-risk population. Prospective multicenter
studies are needed to validate these findings.
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Figures

Figure 1. Cost-Effectiveness Plane
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The A cost and A effect distribution obtained with Bootstrap (5000 repetitions) is shown.
All bootstrap samples were located in the northeast (NE) quadrant. This indicates that CAZ/AVI treatment

is systematically more effective but more costly compared to colistin-meropenem.
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See image above for figure legend.

Figure 2. Cost-Effectiveness Acceptability Curve (CEAC)
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The probability of CAZ/AVI treatment being cost-effective at different willingness-to-
pay thresholds is shown. At thresholds above approximately 50,000 60,000 TL., the probability
of CAZ/AVI treatment being cost-cffective increases significantly and reaches nearly 100%
above 100,000 TL. In the cost-effectiveness plane analysis, all bootstrap samples were observed

to be in the NE region.
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