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Objectives: Develop and evaluate the application of SMART-CAZ/AVI, an algorithm designed to guide the clinical pharmacist’s role in 
managing the use of ceftazidime/avibactam (CAZ/AVI). The algorithm supports pharmaceutical monitoring as a clinical decision-support 
tool, facilitating the identification of opportunities to optimize antibiotic therapy and ensuring the rational use of CAZ/AVI. Methods: 
The Stewardship & Monitoring Algorithm for Rational Therapy (SMART) model  was developed based on antimicrobial stewardship 
principles and divided into three sections: Initial Pharmaceutical Assessment, Microbiology, and Time-Out. SMART-CAZ/AVI refers to 
the application of the SMART model to the pharmaceutical assessment of CAZ/AVI in adult patients. Each section contains specific 
questions and guidelines to direct the clinical pharmacist’s role in ensuring effective and safe antibiotic therapy. The analysis of the 
algorithm’s application was conducted retrospectively and descriptively, using data collected before and after the implementation 
of SMART-CAZ/AVI in a private hospital in Rio de Janeiro, from January 2023 to September 2024. The data were divided into three 
7-month periods: pre-implementation, immediate post-implementation, and late post-implementation. Results: A total of 93 Time-Outs 
and 23 pharmaceutical interventions were recorded, with overdosing based on creatinine clearance (ClCr) being the most frequent 
issue (68.4%). The analysis between the immediate and late post-implementation periods revealed a 55.2% reduction in overdose 
interventions and the elimination of administration scheduling errors; however, prolonged antibiotic therapy increased by 300%. The 
percentage of treatments without formal indication increased by 108.33%, and the analysis of the mean days of therapy (DOT) showed 
an initial reduction of 64.15% in the immediate period, followed by a late increase of 242.11%. Conclusion: SMART-CAZ/AVI has the 
potential to become an essential tool to support clinical pharmacists in managing CAZ/AVI use, identifying key issues in antimicrobial 
therapy. Its implementation directly contributed to reducing overdose and administration errors. SMART-CAZ/AVI may be established as 
a standardized tool to streamline pharmaceutical monitoring in hospitals, ensuring effective and safe antibiotic therapy.
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Abstract

SMART-CAZ/AVI: algoritmo para guiar o raciocínio clínico farmacêutico no 
gerenciamento do uso racional de ceftazidima/avibactam em pacientes adultos

Objetivos: Desenvolver e avaliar a aplicação do SMART-CAZ/AVI, um algoritmo para orientar a atuação do farmacêutico clínico no 
gerenciamento do uso de ceftazidima/avibactam (CAZ/AVI), conduzindo o acompanhamento farmacêutico como uma ferramenta de 
suporte à decisão clínica que facilita a identificação de oportunidades de otimização da antibioticoterapia, garantindo o uso racional de 
CAZ/AVI. Métodos: O modelo Stewardship & Monitoring Algorithm for Rational Therapy (SMART) foi elaborado baseado nos princípios do 
stewardship de antimicrobianos, dividido em três seções: Avaliação Farmacêutica Inicial, Microbiologia e Time-Out. Denomina-se SMART-
CAZ/AVI o modelo SMART aplicado à avaliação farmacêutica do CAZ/AVI, em pacientes adultos. As seções contêm perguntas e orientações 
específicas, que direcionam a atuação do farmacêutico clínico na garantia da antibioticoterapia efetiva e segura. A análise da aplicação do 
algoritmo foi realizada de forma retrospectiva descritiva, com dados antes e após a implementação do SMART-CAZ/AVI, em um hospital 
privado do Rio de Janeiro, no período entre janeiro/2023 a setembro/2024. Os dados foram divididos em três períodos de 7 meses que 
correspondem aos períodos pré-implantação, imediato pós implantação e tardio pós implantação. Resultados: Foram registrados 93 Time-
Outs e 23 intervenções farmacêuticas, sendo sobredose baseada no clearance de creatinina (ClCr) a mais frequente (68,4%). A análise 
entre o período imediato e tardio revelou uma redução de 55,2% nas intervenções de sobredose, eliminação de erros de aprazamento, 
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Ceftazidime/Avibactam (CAZ/AVI) is an intravenous antibiotic 
approved in Brazil in 2018, consisting of a combination of a 
third-generation cephalosporin (Ceftazidime) and a β-lactamase 
enzyme inhibitor (Avibactam)1-3, which together offer a 
highly effective spectrum of activity against gram-negative 
pathogens. Avibactam broadens the spectrum of Ceftazidime, 
making CAZ/AVI an effective alternative for treating infections 
caused by bacteria with various resistance mechanisms3,4. 
CAZ/AVI is indicated for cases of complicated intra-abdominal 
infections (cIAI), complicated urinary tract infections including 
pyelonephritis (cUTI), hospital-acquired pneumonia (HAP), 
including ventilator-associated pneumonia (VAP), and for the 
treatment of adult patients with associated bacteremia.

Although CAZ/AVI is a promising option for treating gram-negative 
bacterial infections, several studies have reported resistance 
through different mechanisms of action, such as antibiotic 
inactivation via metallo-β-lactamases (MβLs)2,5,6.

Given the growing threat of resistance to CAZ/AVI treatment, 
a differentiated approach by the multidisciplinary healthcare 
team is required to ensure its rational use. The clinical 
pharmacist plays a key role in managing safe use, bringing 
expertise in areas such as: support for clinical decision-
making; usage strategies based on microbiological profiles; 
pharmacotherapeutic follow-up; dose adjustments; de-
escalation; and even generating pharmacoeconomic benefits 
by reducing unnecessary healthcare costs7-9.

The use of pharmaceutical monitoring tools is a promising 
strategy that has been employed to identify opportunities 
for improvement in drug therapy10 and can be applied in 
antibiotic stewardship to ensure standardized and appropriate 
use of CAZ/AVI. Health authorities recommend strategic 
pauses for antibiotic use review, using the “Time-Out” as an 
evaluation tool11. The Time-Out is a pause, commonly used in 
surgeries, during which a set of questions is asked to clarify any 
uncertainties before the procedure12 is carried out. This tool 
has been adapted for antimicrobial stewardship, and studies 
show that when led by a pharmacist, it appears to be even 
more effective in optimizing treatment13,14.

The implementation of clinical decision-support strategies can 
offer significant benefits. Instead of complex decisions being made 
in an unstructured way, the use of structured approaches—such 
as algorithms—is proposed to guide clinical reasoning, which can 
contribute to more secure decision-making15.

Recent studies have used algorithms to guide rational antibiotic 
therapy, demonstrating several advantages16-23. However, there 
is a lack of studies on structured clinical decision-support tools 

Introduction

This is a descriptive, quantitative study with retrospective data 
collection. It was divided into three stages: algorithm development, 
application, and data analysis.

Algorithm Development

The algorithm model developed in this study was named 
Stewardship & Monitoring Algorithm for Rational Therapy 
(SMART) and was designed for use by clinical pharmacists, from 
the initiation of antibiotic therapy to its discontinuation. The 
tool was created in a flowchart format, based on antimicrobial11 
stewardship principles and on studies that utilize antibiotic 
monitoring tools13,24.

SMART is divided into three sections: Section 1 – Initial 
Pharmaceutical Assessment (analysis of prescription and 
indication); Section 2 – Microbiology (evaluation of the 
microbiological profile of the infection); Section 3 – Time-Out 
(monitoring and optimization of antibiotic therapy, applied to 
the patient’s clinical status at scheduled periodic intervals)

All stages include direct questions and specific guidelines that 
direct the actions of the clinical pharmacist. The model was 
developed to be applicable to any antimicrobial agent, requiring 
only minor adaptations in some questions and guidelines 
according to the specific characteristics of the antibiotic being 
analyzed. Furthermore, SMART can be used regardless of the 
type of medical prescription system, whether electronic or 
manual. In this study, we refer to the application of the SMART 
model focused on the effective and safe use of ceftazidime/
avibactam in adult patients as SMART-CAZ/AVI.

Methods

mas um aumento de 300% na antibioticoterapia prolongada. Os tratamentos sem indicação formal cresceram 108,33%, e a análise da 
média de dias de terapia (DOT) mostrou uma redução inicial de 64,15% no período imediato, seguida de um aumento tardio de 242,11%. 
Conclusão: O SMART-CAZ/AVI apresenta potencial para se tornar uma importante ferramenta de auxílio da atuação do farmacêutico clínico 
no gerenciamento do uso de CAZ/AVI, revelando os principais problemas da terapia antimicrobiana. Sua utilização contribuiu diretamente 
para a redução de erros de sobredose e erros de administração. O SMART-CAZ/AVI poderá ser consolidado como uma ferramenta para 
padronizar e agilizar o acompanhamento farmacêutico nos hospitais, orientando a antibioticoterapia efetiva segura.

Palavras-chave: ceftazidima, gestão de antimicrobianos, serviço de farmácia clínica, uso racional de medicamentos, fluxograma

specifically aimed at the safe use of CAZ/AVI. This gap is even more 
significant in Brazil, where CAZ/AVI was only recently approved, 
and its integration into healthcare services has been gradual. 
Therefore, having tools to guide CAZ/AVI use is essential to support 
accurate therapeutic decisions.

The objective of this article is to propose an algorithm to guide 
clinical pharmaceutical reasoning in the effective and safe 
management of CAZ/AVI use in adult patients. This algorithm 
standardizes and directs pharmaceutical follow-up, serving as 
a clinical decision-support tool, divided into strategic steps to 
facilitate the identification of opportunities to optimize CAZ/AVI 
antibiotic therapy.
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SMART-CAZ/AVI was initiated with the identification of patients 
who began antibiotic therapy with CAZ/AVI, followed by the 
prescription and indication assessment stage (Figure 1 – Section 
1). The clinical pharmacist verified whether CAZ/AVI had been 
prescribed with the recommended initial dosage and whether it 
included preparation and administration instructions. If not, the 
prescriber was to be asked to correct it.

In the next step, the clinical pharmacist evaluated the indication 
for CAZ/AVI use. Formal indications were considered to be cases of 
complicated intra-abdominal infection (cIAI), complicated urinary 
tract infection (cUTI), or hospital-acquired/ventilator-associated 
pneumonia (HAP/VAP), with or without associated bacteremia, 
in which bacterial cultures showed sensitivity to CAZ/AVI based 
on antimicrobial susceptibility testing (AST). Cases were also 
considered formal indications when cultures showed resistance 
to CAZ/AVI but with evidence of metallo-β-lactamase (MβL) 
production or multi-drug resistant Stenotrophomonas maltophilia. 
Treatments in patients with a history of colonization or a prior 
formal indication were also included in this category. All other 
cases were considered empirical initiations.

For cIAI cases with suspected or confirmed anaerobic bacterial 
infection, the clinical pharmacist was advised to recommend 
combining CAZ/AVI with Metronidazole. In cultures with AST 
resistance to CAZ/AVI but with confirmed MβL production or 
multi-drug resistant S. maltophilia, the clinical pharmacist was 
advised to suggest combining CAZ/AVI with Aztreonam.

The clinical pharmacist initiated the Time-Out on the third day of 
CAZ/AVI treatment (Figure 1 – Section 3), regardless of the initial 
indication. However, for empirical initiations, the pharmacist was 
also required to proceed to Section 2 – Microbiology (Figure 1 – 
Section 2).

This section began by checking whether a bacterial culture had 
been ordered. If not, the algorithm recommended suggesting 
to the medical team that a culture be collected to determine 
whether it was indeed a bacterial infection.

If the results showed no bacterial growth, the pharmacist 
was to discuss the necessity of continuing antibiotic therapy 
and suggest discontinuation. In cases of positive cultures, the 
possibility of de-escalating antibiotic therapy was to be assessed 
based on AST results. If AST showed resistance to CAZ/AVI, it was 
essential to verify whether the bacteria expressed MβL, in which 
case Aztreonam should be added to the treatment. For other 
resistance mechanisms, the recommendation was to re-evaluate 
the antibiotic regimen using the AST data, considering alternatives 
such as aminoglycosides, polymyxin B, or tigecycline as potential 
therapeutic options26.

When the identified bacteria were either sensitive to CAZ/AVI or 
resistant but exhibiting MβL, the empirical initiation of CAZ/AVI 
was deemed an appropriate decision. In such cases, the treatment 
was reclassified as a formal indication, and the Time-Out process 
continued (Figure 1 – Section 3).

In the immediate post-implementation period of SMART-CAZ/
AVI, 88% of treatments had a formal indication for use, and only 
12% were initiated empirically without later being reclassified 
as formal. However, in the late post-implementation period, this 
rate rose to 25%, showing a 108.33% increase in inappropriate 
treatments (Figure 2).

ResultsThe algorithm was validated by two external pharmacists who 
specialize in antimicrobial stewardship and by the hospital’s 
infectious disease specialist. It was also previously validated by the 
hospital’s clinical pharmacists, who applied it in their routines to 
assess the tool’s feasibility and applicability one month before the 
start of the study.

Study Design and Setting

The study involved the descriptive application of the algorithm, with 
retrospective data collection before and after the implementation 
of SMART-CAZ/AVI, covering a 21-month period (January 2023 to 
September 2024).

SMART-CAZ/AVI was developed and implemented in August 
2023 in a private hospital in Rio de Janeiro, which has 132 beds, 
a mixed medical staff, Intensive and Semi-Intensive Care Units, 
onco-hematology, surgical center, and emergency services. The 
Clinical Pharmacy Service comprises six clinical pharmacists 
responsible for reviewing 100% of electronic prescriptions. 
Each clinical pharmacist identified CAZ/AVI antibiotic therapy by 
analyzing prescriptions and applied the algorithm to all patients 
who initiated treatment. Pharmaceutical interventions were 
carried out with the medical team during rounds or by phone, and 
were considered accepted once the adjustment was recorded in 
the patient’s electronic medical record. All treatments performed 
were included in the data analysis, with no exclusion criteria.

Data Collection and Consolidation

Pharmaceutical follow-up using SMART-CAZ/AVI was documented in 
structured and individualized spreadsheets for each patient, created 
in Microsoft Excel®. These spreadsheets included the algorithm’s 
questions and a space to describe the pharmaceutical intervention 
performed (Figure 1 – Supplementary Material). Follow-up based on 
SMART-CAZ/AVI was also recorded in the electronic medical record 
at each Time-Out. The interventions performed were recorded in 
the electronic platform Epimed Solutions® and later consolidated in 
Excel® spreadsheets for subsequent analysis.

Data Analysis

For more detailed comparative analysis, data were divided into 
three 7-month periods: the pre-implementation period (January 
to July 2023); the immediate post-implementation period (August 
2023 to February 2024); and the late post-implementation period 
(March to September 2024). Classification of pharmaceutical 
interventions was conducted using the Antimicrobial Therapy-
Related Problem (PRAT)25 tool. The impact of using SMART-
CAZ/AVI was assessed through descriptive statistics, using data 
on: pharmaceutical intervention rate; types of interventions 
performed; number of treatments without appropriate indication; 
and analysis of the average Days of Therapy (DOT).

Ethical Considerations

The study was conducted in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines and approved by the Research Ethics Committee (CEP) 
of Hospital Pró-Cardíaco – Esho Empresa de Serviços Hospitalares 
– HPC (CAAE: 77108523.5.0000.5533).
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The results obtained from the application of SMART-CAZ/AVI showed 
that 23 pharmaceutical interventions were carried out following 93 
Time-Outs conducted during the study (Figure 3). The Time-Out 
was applied every three days, evaluating CAZ/AVI antibiotic therapy 
using the following key questions to optimize treatment:

Is the treatment duration defined?

Treatment duration recommendations were included in SMART-
CAZ/AVI. If the treatment duration was already established by the 
medical team, the clinical pharmacist continued monitoring the 
patient. If not, the pharmacist monitored the patient’s clinical 
progression to determine it alongside the team. From the sixth 
day of treatment onwards, the clinical pharmacist would ask 
whether the therapy should be continued. If discontinuation was 
decided, the pharmacist would check the prescription to ensure 
the antibiotic had been discontinued and would close the Time-
Out. If continuation was chosen, the pharmacist would reassess 
the possibility of discontinuation at the next Time-Out. Notably, 
if antibiotic therapy was likely to exceed the recommended 
duration, the pharmacist was advised to intervene with the 
Hospital Infection Control Service (HICS). Our results showed 
that prolonged antibiotic therapy accounted for 26.3% of the 
interventions performed (Figure 4A).

Is the patient responding to treatment?

If the patient showed progressive improvement in vital and 
infectious signs, the pharmacist continued monitoring. If not, 
the pharmacist should suggest extending the infusion time to 
3 hours or using continuous infusion, especially in infections 
caused by P. aeruginosa or multi-drug resistant S. maltophilia. 
If no clinical improvement was observed at the next Time-Out, 
re-evaluation of the antibiotic therapy based on AST results was 
recommended.

Is the dosage adjusted according to renal function?

In patients with renal impairment, the pharmacist recommended 
dose adjustments according to creatinine clearance (CrCl – Cockcroft-
Gault formula)27,28. If Aztreonam was also prescribed, it needed 
to be adjusted accordingly. Dosage guidelines and alerts about 
proper preparation and administration for patients on intermittent 
hemodialysis (HD) were included in SMART-CAZ/AVI. Our results 
revealed a high need for interventions related to overdosing based 
on CrCl (68.4%) and a small proportion of interventions for incorrect 
scheduling of dialyzable drugs (5.3%) (Figure 4A).

Did the patient experience an adverse drug reaction (ADR)?

The pharmacist assessed whether the patient experienced any 
ADRs through active chart review or by detecting prescriptions 
intended to treat potential ADRs. If an ADR was identified, the 
pharmacist was advised to apply the Naranjo Algorithm29 to 
assess the causal relationship with CAZ/AVI. If the relationship 
was classified as definite, probable, or possible, the risk/
benefit of continuing antibiotic therapy and the need for ADR 
management should be discussed with the team. SMART-CAZ/
AVI listed the main ADRs associated with CAZ/AVI, as well 
as those linked to Aztreonam and Metronidazole in cases of 
combination therapy.

Are there any relevant drug interactions?

Although CAZ/AVI is not associated with severe drug interactions, 
monitoring for nephrotoxicity risks was important, particularly 
when combined with aminoglycosides or potent diuretics such 
as furosemide. If harmful effects were identified, a risk/benefit 
assessment of maintaining the combination therapy was suggested. 
The main interactions related to Metronidazole use were included in 
the algorithm. No drug interaction cases were recorded in this study.

The Time-Out was concluded when CAZ/AVI antibiotic therapy 
was discontinued, thereby finalizing the use of SMART-CAZ/AVI.

When classifying the pharmaceutical interventions conducted 
during the immediate and late post-implementation periods 
of the algorithm, a predominance of interventions related to 
overdosing based on creatinine clearance (CrCl) was observed 
(68.4%), followed by prolonged antibiotic therapy (26.3%) and 
inappropriate scheduling of dialyzable medications (5.3%) (Figure 
4A). Furthermore, a significant overall reduction in CrCl-based 
overdose interventions was identified, decreasing from 69.2% in 
the immediate post-implementation period to 30.8% in the late 
period—representing a 55.2% reduction. Interventions addressing 
inadequate scheduling of dialyzable drugs were entirely eliminated 
(100% reduction), while interventions related to prolonged 
antibiotic therapy increased from 20% to 80% (Figure 4B).

In terms of the acceptability of interventions, we observed that 
44.4% of overdose interventions were accepted during the 
immediate post-implementation period, compared to 100% 
acceptance in the late period. Interventions regarding inappropriate 
scheduling of dialyzable medications were fully accepted (100%) 
during the immediate post-implementation period and were not 
needed in the late period. However, interventions for prolonged 
antibiotic therapy showed a decrease in acceptance, from 100% 
in the immediate period to only 25% in the late period (Figure 4B).

The analysis of the mean Days of Therapy (DOT) revealed a reduction 
from 53 to 19 DOTs when comparing the pre-implementation period 
to the immediate post-implementation period of SMART-CAZ/AVI—
corresponding to a 64.15% decrease. However, when comparing the 
immediate to the late post-implementation period, an increase from 
19 to 65 DOTs was observed, representing a 242.11% rise (Figure 5).

CAZ/AVI antibiotic therapy was introduced as an innovative 
treatment for infections caused by multidrug-resistant gram-
negative bacteria, including strains producing extended-spectrum 
beta-lactamases (ESBL), AmpC, and carbapenemases¹. CAZ/AVI 
has been recognized as one of the most effective antimicrobials 
for treating infections caused by KPC-producing strains. However, 
with the widespread use of CAZ/AVI, new bacterial strains 
exhibiting resistance mechanisms that compromise its efficacy 
have emerged, leading to therapeutic failure⁵,⁶,²⁶.

Therefore, safe-use strategies are essential to ensure that CAZ/
AVI is reserved for cases with limited therapeutic alternatives. 
In this context, clinical pharmacists play a critical role in CAZ/
AVI stewardship, serving as a crucial safety barrier to minimize 
associated risks and promote rational antibiotic use³¹. The SMART-
CAZ/AVI algorithm emerges as a comprehensive tool that enhances 
the pharmacist’s role, positioning them as a key player in patient 
care by providing a broad perspective on all factors involved in CAZ/
AVI use, tailored to each care setting and the patient’s clinical stage.

Discussion
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Figure 1. SMART-CAZ/AVI: clinical pharmacist intervention algorithm for the safe use management of Ceftazidime/Avibactam in adults 
(Rio de Janeiro, 2024).

Caption: AST: Antimicrobial susceptibility testing; CAZ/AVI: Ceftazidime-Avibactam; ADR: Adverse drug reaction; cIAI: Complicated intra-
abdominal infections; CrCL: Creatinine Clearance; CRRT: Continuous Renal Replacement Therapy; cUTI: urinary tract infections (including 
pyelonephritis); D5W: Dextrose 5% in water; D10W: Dextrose 10% in water; HAP/VAP: hospital-acquired pneumonia, including ventilator-
associated pneumonia; HICS: Hospital Infection Control Service; IV: Intraevenous infusion; LR: Lactate Ringer solution; MβL: Metalo-β-
lactamase; MDR: Multi-drug resistant; NS: Normal Saline 0.9%; RF: Renal function; Sd.: Syndrome; SW: Sterile water for injection.

Figure 2 . Percentage of CAZ/AVI antibiotic therapies with and 
without appropriate clinical indication (Rio de Janeiro, 2024).

Figure 3 . Number of Time-Outs and Pharmaceutical Interventions 
conducted from August 2023 to September 2024 (Rio de Janeiro, 2024). 
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Figure 4. Pharmaceutical interventions performed using the 
SMART-CAZ/AVI algorithm.

A: Percentage of pharmaceutical interventions categorized by type.
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B: Percentage of pharmaceutical interventions by category, 
comparing immediate and late post-implementation periods, 
and intervention acceptance rates (Rio de Janeiro, 2024)
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Figure 5 . Average DOT (Days of Therapy) analyzed during the 
pre-implementation period and the immediate and late post-
implementation periods of SMART-CAZ/AVI (Rio de Janeiro, 2024).
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The division of the SMART model into three sections is justified by 
the need to guide the pharmacist’s clinical reasoning—from the 
initiation of therapy to microbiological considerations, and finally, 
to patient-specific opportunities for treatment optimization. 
SMART-CAZ/AVI offers crucial guidance that empowers pharmacists 
to perform more challenging interventions with medical teams.

The combination of CAZ/AVI with Aztreonam has shown 
therapeutic potential, especially in infections involving bacteria 
with metallo-beta-lactamase (MβL) production³². In a study 
involving 102 patients with bloodstream infections caused by MβL-
producing Enterobacterales, 30-day mortality was lower among 
those treated with CAZ/AVI plus Aztreonam compared to those 
receiving alternative therapy³³. The Infectious Diseases Society of 
America (IDSA) supports this recommendation and advises that 
CAZ/AVI and Aztreonam be administered simultaneously over 
a 3-hour infusion. The Aztreonam dose may be optimized to 2g 
every 6 hours, with careful monitoring for hepatotoxicity³⁴.

Regarding Time-Out application, SMART-CAZ/AVI recommends a 
3-day interval, which allows adequate time to assess treatment 
duration and microbiological follow-up. Depending on the capabilities 
of the hospital’s microbiology service, the pharmacist may already 
have access to preliminary culture results by the first Time-Out. Other 
early findings may include premature discontinuation of CAZ/AVI, 
the need for therapy optimization based on clinical response, dose 
adjustments due to renal function, adverse drug reactions (ADRs), 
and drug interactions. By the second Time-Out, the clinical pharmacist 
is expected to propose interventions based on antimicrobial 
susceptibility testing (AST) results and consider discontinuation of 
CAZ/AVI in cases where a 5-day treatment course is sufficient.

Given the pharmacokinetic profile of β-lactams³⁵, SMART-CAZ/
AVI also emphasizes the option of extended infusions (3 hours) in 
patients showing no clinical improvement—especially in infections 
caused by P. aeruginosa and multidrug-resistant S. maltophilia³⁴,³⁶. 
Although more robust evidence is needed, some findings suggest a 
therapeutic benefit from continuous CAZ/AVI infusion regimens³⁷,³⁸. 
Nevertheless, this approach may be limited by the challenge of 
securing exclusive intravenous access. If the patient’s condition does 
not improve, SMART-CAZ/AVI recommends that the pharmacist re-
evaluate the antibiotic regimen based on AST findings.

The inclusion of alerts within the SMART-CAZ/AVI algorithm regarding 
proper preparation and administration of CAZ/AVI in cases requiring 
renal dose adjustment represents another key advantage of this tool. 
Although no formal data were reported, professional experience 
indicates that nursing staff often lack awareness about the expansion 
of the CAZ/AVI solution upon reconstitution, despite this information 
being provided in the package insert. This knowledge gap can result 
in significant administration errors and subtherapeutic dosing.

One proposed solution is the implementation of standardized 
electronic prescribing protocols in hospitals with computerized 
systems. Each protocol should be customized according to 
specific renal dose adjustments and include detailed information 
on dosage, frequency, route of administration, preparation, and 
dilution. These guidelines can assist nursing teams in ensuring 
safe drug administration. Additional instructions for patients 
undergoing hemodialysis (HD) should also be incorporated to 
ensure CAZ/AVI is administered only after dialysis procedures 
(see Supplementary Material – Table 1). An added benefit of this 
strategy is that it prompts physicians to consider dose adjustments 
during prescribing, expedites the process, and reduces the need 
for pharmacist interventions aimed at correcting prescriptions.

Unaccepted Interventions

Accepted Interventions

Total
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Our data suggest a 4:1 ratio between Time-Outs performed and 
pharmaceutical interventions. The predominance of interventions 
related to overdose based on creatinine clearance (ClCr) highlights 
ongoing reluctance among prescribers to adjust CAZ/AVI dosing 
according to patients’ renal function. Similar findings have been 
reported in previous studies, one of which found that dose 
adjustment in patients with impaired renal function was omitted in 
59.58% of cases, even in a large hospital with access to nephrologists 
who are presumably more knowledgeable in this area³⁹. Another 
study reported that 18.5% of patients with severe sepsis or 
septic shock received overdoses of antibiotics⁴⁰. These findings 
suggest that such prescription errors may stem from physicians 
underestimating renal impairment or lacking knowledge of dosing 
guidelines and the pharmacokinetics of antimicrobials⁴⁰.

Our observations support this evidence⁴⁰, particularly regarding 
limited medical knowledge on optimal dosing strategies for CAZ/
AVI, especially in patients undergoing HD. In this context, SMART-
CAZ/AVI can serve as an educational tool for both physicians and 
nurses, reinforcing its role as a clinical decision support system 
aimed at optimizing patient outcomes.

This conclusion is further supported by a 55.2% reduction in 
interventions related to overdosing based on ClCr from the immediate 
to the late post-implementation period. During the late period, 100% 
of such interventions were accepted, indicating greater awareness 
among physicians regarding the importance of dose adjustment in 
renally impaired patients. The implementation of standardized CAZ/
AVI prescription protocols may also explain the complete elimination 
of interventions related to inappropriate timing of dialysis-dependent 
drug administration, as the templates included an alert specifying 
that CAZ/AVI should be administered after HD on dialysis days.

However, the 300% increase in interventions related to prolonged 
antibiotic therapy from the immediate to the late period suggests 
that opportunities for improvement remain in optimizing CAZ/
AVI treatment duration. Even after pharmacist intervention, 75% 
of treatments were continued beyond the recommended 14-day 
duration. Although this outcome was not ideal, the algorithm 
effectively identified a key area for improvement—an issue likely 
present in many other hospitals as prolonged antimicrobial 
use remains one of the greatest challenges in antimicrobial 
stewardship⁴¹,⁴². Extended treatment durations are associated 
with increased toxicity, resistance development, and higher 
healthcare costs⁴³⁻⁴⁵.

Another important finding was the use of CAZ/AVI in patients 
without appropriate clinical indications. Although this represented 
a small percentage, it serves as an important alert regarding the 
need to reinforce CAZ/AVI stewardship guidelines within the 
institution, and it presents an opportunity to discuss with the 
medical team the risks associated with the indiscriminate use of 
antimicrobials⁵,⁶,²⁶.

CAZ/AVI consumption was assessed using the average DOT (Days 
of Therapy) for each study period, considering that a patient 
may initiate treatment in one month and complete it in the next, 
which can affect monthly data interpretation. The sharp decrease 
in this indicator following the implementation of SMART-CAZ/
AVI highlights the positive impact of the tool in reducing CAZ/
AVI utilization. Conversely, the subsequent increase in average 
DOT during the late period may be associated with factors such 
as the rise in multidrug-resistant bacterial infections and infection 
severity; increased initiation of empirical treatments; and the 
involvement of attending physicians unfamiliar with the hospital’s 

CAZ/AVI stewardship guidelines. Further studies are needed to 
elucidate these variables and to support the development of 
targeted strategies to improve CAZ/AVI use.

The effective and sustainable implementation of SMART-CAZ/
AVI faces several challenges, primarily due to limited adherence 
among the multidisciplinary healthcare team. This resistance 
is multifactorial and may stem from a lack of continuous 
professional training, high physician turnover, perceived loss of 
medical autonomy, and insufficient institutional support. These 
factors compromise the legitimacy and consistent application of 
the tool, leading to its improper and intermittent use, ultimately 
hindering the optimization of antimicrobial therapy. Despite these 
challenges, our findings demonstrate that the algorithm has 
the potential to significantly support clinical pharmacists in the 
rational management of CAZ/AVI use.

SMART-CAZ/AVI shows great potential as a valuable tool to support 
clinical pharmacists in managing CAZ/AVI therapy in adult patients. 
Its implementation contributed to the reduction of overdose 
errors in patients with renal dysfunction and administration-
related errors. The SMART-CAZ/AVI tool may be established as a 
standardized and efficient approach for pharmaceutical follow-up 
in hospitals. It supports appropriate clinical indication of antibiotic 
use, guides the interpretation of microbiological profiles, optimizes 
antibiotic therapy, enables individualized pharmaceutical care 
through patient-specific clinical adjustments, and ensures the safe 
and rational use of CAZ/AVI.
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