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COSTALAT Vincent

Radiologie et imagerie médicale DAIEN For patients hospitalized in intensive care unit (ICU) with sepsis or septic shock (3), early administration of appropriate antibiotics has shown improved outcomes and has been associated with higher survival rates (4). Critically ill patients often experience various pathophysiological conditions that can lead to alterations in PK and PD, particularly in cases of sepsis where the distribution volume may increase and the renal clearance may be affected [START_REF] Veiga | Pharmacokinetics-pharmacodynamics issues relevant for the clinical use of beta-lactam antibiotics in critically ill patients[END_REF][START_REF] Heffernan | A personalised approach to antibiotic pharmacokinetics and pharmacodynamics in critically ill patients[END_REF][START_REF] Roberts | Pharmacokinetic issues for antibiotics in the critically ill patient[END_REF]. Consequently, the primary concern is the failure to achieve target antibiotic concentrations [START_REF] Roberts | DALI: Defining Antibiotic Levels in Intensive Care Unit Patients: Are Current -Lactam Antibiotic Doses Sufficient for Critically Ill Patients?[END_REF], which can result in suboptimal sepsis management.

Due to its wide antimicrobial spectrum and low toxicity, piperacillin-tazobactam (PTZ) is frequently prescribed in ICUs [START_REF] Vincent | Sepsis in European intensive care units: Results of the SOAP study*[END_REF]. Like other β-lactam antibiotics PTZ is hydrophilic with a low distribution volume and primarily eliminated through renal clearance. Additionally, PTZ is considered a time-dependent antibiotic, as its antimicrobial activity is dependent on the duration that the unbound drug concentration remains above the minimum inhibitory concentration (MIC) of the infecting organism [START_REF] Craig | Basic pharmacodynamics of antibacterials with clinical applications to the use of β-lactams, glycopeptides, and linezolid[END_REF].

However, standard antibiotics regimens are based on PK data obtained from healthy, non-obese volunteers or patients who are not severely ill [START_REF] Craig | Basic pharmacodynamics of antibacterials with clinical applications to the use of β-lactams, glycopeptides, and linezolid[END_REF]. In critically ill patients, altered PK parameters can lead to either increased serum drug concentrations, posing a risk of drug toxicity, or decreased serum drug concentrations, compromising the effectiveness of the antibiotic. Therapeutic drug monitoring (TDM) has been proposed as a method to optimise exposure and to improve achieving target antibiotic concentrations [START_REF] Guilhaumou | Optimization of the treatment with beta-lactam antibiotics in critically ill patients-guidelines from the French Society of Pharmacology and Therapeutics (Société Française de Pharmacologie et Thérapeutique-SFPT) and the French Society of Anaesthesia and Intensive Care Medicine (Société Française d'Anesthésie et Réanimation-SFAR)[END_REF]. TDM involves individualized dosing strategies based on the assessment of serum drug levels.

Furthermore, hepatic insufficiency, particularly chronic insufficiency, can have direct or indirect effects on the protein binding, metabolism, and renal elimination of antibiotics [START_REF] Halilovic | Antibiotic dosing in cirrhosis[END_REF]. Cirrhosis, in particular, can lead to various pathophysiological changes that impact drug disposition, such as reduced hepatic blood flow, impaired biliary clearance, ascites, impact of cirrhosis on the PK of piperacillin (PIP) is not well defined.

The aim of our study was threefold. Firstly, we aimed to assess the proportion of critically ill patients with and without cirrhosis who achieved target concentrations of PIP and identify the main risk factors associated with misdosing. Secondly, we sought to compare the concentration of PIP in subjects with cirrhosis to that of other critically ill patients.

Thirdly, we aimed to evaluate the changes in PIP concentrations over time through repeated assays.

METHODS

Study setting and population

The The inclusion criteria for the study were as follows: patients with a suspected or confirmed infection who were receiving treatment with piperacillin-tazobactam and who underwent TDM as part of routine clinical practice.

The exclusion criteria consisted of the following: patients under the age of 18, protected persons, and patients with unavailable or inadequate PIP assays.

Therapeutic monitoring of Piperacillin and data collection

Patients received an intravenous bolus, followed by a continuous infusion of PTZ. The initial administration of PTZ, referred to as day-0, marked the time of inclusion in the study. Serum PIP concentrations were measured on three specific days following inclusion: day 1 (D1), day 3 (D3), and day 7 (D7).

Therapeutic monitoring of PIP was performed by analysing blood samples using a liquid chromatography assay. The total fraction of PIP in serum was measured using ultra-highperformance liquid chromatography. The lower limit of quantitation of PIP in serum was 3mg/L, and the linearity of the assay was validated within the range of 3 to 300 mg/L.

Concentrations above 300mg/L required dilutions. The results of the assay were typically available within 24 to 48 hours, and testing was conducted on weekdays only.

We collected various types of data. This included demographic information, comorbidities, the source of infection, the specific pathogens responsible for the infection, details of the antibiotic regimens administered, the duration of antibiotic therapy, and the usual biological, therapeutic, and clinical data available on the day of TDM. We calculated the modified Sequential Organ Failure Assessment (SOFA) score ( 14), the Model for End-Stage Liver Disease (MELD) score [START_REF] Kamath | A model to predict survival in patients with end-stage liver disease[END_REF], and the kidney function on two specific days: the day the patient was admitted to the ICU and the day of TDM.

The kidney function was assessed by calculating the measured creatinine clearance (CrCl) using the formula: CrCl (mL/min) = [urine volume (mL) x urine creatinine concentration (mmol/L)] / serum creatinine concentration (µmol/L). In cases which data for urine creatinine concentration were missing, the Cockcroft formula ( 16) was employed as an alternative method to estimate the creatinine clearance.

Pharmacokinetic target

According to the SFAR (Société Française d'Anesthésie et de Réanimation) guidelines, the target concentration range for PIP was defined as 80 to 160 mg/L [START_REF] Guilhaumou | Optimization of the treatment with beta-lactam antibiotics in critically ill patients-guidelines from the French Society of Pharmacology and Therapeutics (Société Française de Pharmacologie et Thérapeutique-SFPT) and the French Society of Anaesthesia and Intensive Care Medicine (Société Française d'Anesthésie et Réanimation-SFAR)[END_REF].

The target plasma concentration of free PIP was determined to be four times the minimum inhibitory concentration (MIC) of the pathogen causing the sepsis, with a range of ±20%.

However, the maximum concentration was set at 160 mg/L to avoid potential side effects [START_REF] Roberts | Pharmacokinetic issues for antibiotics in the critically ill patient[END_REF][START_REF] Mckinnon | Evaluation of area under the inhibitory curve (AUIC) and time above the minimum inhibitory concentration (T>MIC) as predictors of outcome for cefepime and ceftazidime in serious bacterial infections[END_REF][START_REF] Imani | Too much of a good thing: a retrospective study of β-lactam concentration-toxicity relationships[END_REF]. For empiric therapy, the epidemiological cutoff (ECOFF) value published by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) of Pseudomonas aeruginosa (16 mg/L) was used [START_REF]eucast: MIC and zone distributions and ECOFFs[END_REF]. This ECOFF value represents the highest MIC that the initial treatment should effectively cover.

Statistical analysis

The Univariate analyses comparing PIP concentrations below or above the target range were conducted using a multinomial logistic regression model. The results were expressed as odds ratios. The reference category was the target concentration. Multivariate analyses were performed to control for any remaining differences.

Measurement outcomes from incorrectly collected blood samples or improperly reported drug administration were excluded from the review to ensure data accuracy and reliability.

All statistical analyses were conducted by a doctor working in the department of the Montpellier University Hospital and performed using R (version 4.2.0).

Outcomes

The primary endpoint of the study was to determine the proportion of ICU patients with and without cirrhosis receiving PTZ who achieved target concentrations within the range 

DISCUSSION

The present study assessed TDM for PTZ in critically ill patients. We found that 128 (37%) of ICU patients reached the target of PIP concentration range on the first assay, about a third of the patients in the study. Out of the total 781 PIP assays performed, 450 (57.6%) achieved the target concentration. Over the 348 first assay misdosage was noted in 220 patients: 90 patients (26%) with concentrations below 80mg/L and 130 patients (37%)

with concentrations above 160mg/L. Despite continuous intravenous infusion (CI) we showed that PIP plasma concentrations remained highly variable. There was no difference in target achievement between patients with and without cirrhosis in the first assay. But over the time, patients with cirrhosis were more overdosed.

In the univariate analysis, several variables were found to have a correlation with the failure to achieve the target range of PIP concentration. These variables included the severity of sepsis (SOFA), severity of disease (SAPS II), age, history of chronic disease, creatinine clearance at day of TDM, necessity of renal replacement therapy (RRT), and bilirubin level at the day of TDM (p<0.05). Through multivariate analysis, we determined that creatinine clearance, age, and the level of bilirubin were significantly associated with the failure to achieve the target range.

Dhaese et al. (20) reported a similar proportion of non-attainment PK-target in ICU

patients receiving CI of PIP (63% of misdosage). However, their study observed a higher proportion of under-dosage (47% below the target range) compared to our study. It is worth noting that they used a different target range of PIP (64-160mg/L), which could contribute to the differences observed. Richter et al. ( 21) found a similar proportion of ICU patients reaching the target range (34%). However, their study reported a remarkably high overdosage (55% of enrolled patients). This discrepancy could be attributed to the lower PIP target range they used (33-64mg/L).

In our study, the target range of PIP was defined based on the SFAR last recommendations [START_REF] Guilhaumou | Optimization of the treatment with beta-lactam antibiotics in critically ill patients-guidelines from the French Society of Pharmacology and Therapeutics (Société Française de Pharmacologie et Thérapeutique-SFPT) and the French Society of Anaesthesia and Intensive Care Medicine (Société Française d'Anesthésie et Réanimation-SFAR)[END_REF], using a target of 4 times the MIC of the causative pathogen to achieve effective treatment, while not exceeding 8 times the MIC to reduce antibiotic toxicity. Since the specific pathogen and MIC values are often not available at the start of antibiotic therapy, the Pseudomonas aeruginosa MIC value (16mg/L) was used as a reference for empiric therapy [START_REF]eucast: MIC and zone distributions and ECOFFs[END_REF] [START_REF] Sörgel | Pharmacokinetic characteristics of piperacillin/tazobactam[END_REF] there is also a contribution from hepatic metabolism (26). Liver metabolism of PIP consists of two phases: an enzymatic reaction driven by cytochrome P450 occurs in the first phase, and then these products are conjugated to form metabolites that are excreted in the urine or bile. The exact significance of hepatic elimination for PIP in clinical practice is not fully understood [START_REF] Calhoun | Experimental Studies of Biliary Excretion of Piperacillin[END_REF]. It is worth noting that the elimination half-lives of PIP are generally higher in patients with cirrhosis compared to healthy individuals, suggesting potential alterations in drug metabolism and clearance in this population. However, the extent of biliary excretion of PIP appears to be minimal in healthy individuals [START_REF] Ghibellini | Determination of the biliary excretion of piperacillin in humans using a novel method[END_REF]. The findings of our study differ from those of Lheureux et al. [START_REF] Lheureux | Serum β-lactam concentrations in critically ill patients with cirrhosis: a matched case-control study[END_REF], who reported excessive serum β-lactam concentrations in two-thirds of critically ill patients with cirrhosis compared to matched controls without cirrhosis.

A surprising finding was the absence of significant difference in creatinine clearance between patients with and without cirrhosis in our study. However, there are several reasons why serum creatinine may overestimate renal function in patients with cirrhosis [START_REF] Francoz | The evaluation of renal function and disease in patients with cirrhosis[END_REF][START_REF] Sherman | Assessing renal function in cirrhotic patients: Problems and pitfalls[END_REF]. So, we cannot exclude a difference in renal function between the 2 groups.

We found that patients with cirrhosis had higher PIP concentrations on day 3 (149.5mg/L (±102) vs 116.2mg/l (±78), p=0.011) and on day 7 (159mg/L (±94) vs 101.9mg/L (±71), p=0.007), without difference on creatinine clearance or antibiotic dosage given to 2 groups on day 7.

In our study, the highest mortality rate was observed in patients with PIP concentrations exceeding the maximum target range (18%), while the lowest mortality rate was seen in patients with concentrations below the minimum target range (6%). Richter et al. of these patients could explain the higher mortality rate. However, it is important to note that other factors, such as independent rises in mortality or unaccounted toxicity related to prolonged exposure to PIP, cannot be ruled out.

The present study had several limitations that should be considered. Firstly, due to its retrospective nature, there were no regulations for the antibiotic TDM requests and no standardized requirements for dose adjustment. Additionally, the laboratory analysis of blood samples was limited to weekdays, leading to potential delays and a lack of proper follow-up. Despite careful examination, the inclusion of samples with incorrect designations or improperly taken samples cannot be entirely ruled out. Moreover, we hypothesized that plasma were stable over the course of treatment because of continuous infusion for PIP, a strategy used by Carrié et al. [START_REF] Carrié | Higher than standard dosing regimen are needed to achieve optimal antibiotic exposure in critically ill patients with augmented renal clearance receiving piperacillin-tazobactam administered by continuous infusion[END_REF]. However, critically ill patients have been found to have intra-individual variability of PIP levels [START_REF] Carlier | Does consistent piperacillin dosing result in consistent therapeutic concentrations in critically ill patients? A longitudinal study over an entire antibiotic course[END_REF]. High intraindividual variability may have caused unreported inadequate PIP concentrations in our study.

CONCLUSION

Just over a third of ICU patients treated with Piperacillin/Tazobactam reached target of PIP concentration of 80 -160mg/L. Renal function, age and bilirubin lever were the main variables associated with failure to achieve target.

There was no difference in target achievement between patients with and without cirrhosis in the first assay. But over the time, patients with cirrhosis were more overdosed.

This study showed that TDM is essential to monitor and adapt dosing of frequently used antibiotic such as PTZ in all critically ill patients, to prevent under or overdosing, due to high variability. Large studies to investigate further effects of PK target attainment are needed. 

FIGURES AND TABLES

  BESSIS Didier (Dermato-vénéréologie) DEBIEN Blaise (Médecine d'urgence) MEUNIER Isabelle (Ophtalmologie) MULLER Laurent (Anesthésiologie-réanimation et médecine péri-opératoire) PERRIGAULT Pierre-François (Anesthésiologie-réanimation et médecine péri-opératoire) QUANTIN Xavier (Pneumologie) ROUBERTIE Agathe (Pédiatrie) VIEL Eric (Soins palliatifs et traitement de la douleur) Maîtres de Conférences des Universités -Praticiens Hospitaliers MCU-PH Hors classe -Echelon Exceptionnel

Figure 7 ➢

 7 Figure ......................................................................................................................... 38 BIBLIOGRAPHIE ........................................................................................................... 39 SERMENT ..................................................................................................................... 42 RESUME ....................................................................................................................... 43

  study was conducted in the 20-bed medical-surgical ICU of St Eloi Hospital, a 660bed teaching and referral facility of the University of Montpellier in France. It was a monocentric, retrospective observational cohort study that focused on PIP dosage in ICU patients who were part of a routine antibiotic TDM program. The study documented clinical and laboratory parameters, including PIP antibiotic serum concentrations, during two periods: January to December 2018 and January to December 2020. Patients in the year 2019 were not included in the study because no PIP assays were conducted at our hospital during that period. The study was approved by the Institutional Review Board of the University Hospital of Montpellier. It was registered by the local committee of ethics and research under number IRB-MTP_2020_03_202000405. Patients were informed about the study through postal mail or email, and their non-objection consent was obtained.

  of 80-160 mg/L. The classification of patients into different groups (underdose, target, overdose) was based on the results of the first PIP assay.The study had several secondary endpoints. Firstly, it aimed to identify the principal risk factors associated with misdosing of PTZ in critically ill patients. Secondly, the study aimed to compare the PIP concentrations in patients with cirrhosis to those in other critically ill patients. Thirdly, the study aimed to evaluate the change in PIP concentration over time. statistically significant differences were observed in BMI, history of cirrhosis, or the need for mechanical ventilation (

( 21 )

 21 observed a similar pattern in their retrospective study where higher mortality rates were observed in patients with PIP concentrations above 64mg/L compared to those within the target range. Hagel et al.[START_REF] Hagel | Effect of therapeutic drug monitoring-based dose optimization of piperacillin/tazobactam on sepsis-related organ dysfunction in patients with sepsis: a randomized controlled trial[END_REF] also observed a similar trend in their prospective randomized study. Higher severity scores on admission (SOFA score, MELD, SAPS-II)

Figure .

 . Figure. Time trends over days of piperacillin assay of patients with and without cirrhosis Piperacillin Blood concentrations (median, quartiles) over 7 days period for patients with and without cirrhosis. Lower target at 4 times the minimum inhibitory concentration of Pseudomonas aeruginosa (80mg/L) and upper target at 8 times the minimum inhibitory concentration (160mg/L) are represented as dashed lines.
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  collected data were anonymized and stored in a Microsoft Excel database. Clinical characteristics and TDM results were presented as mean [standard deviation (SD)] or

	median (interquartile range (IQR) 25-75%; [range]) or as number and percentage for
	quantitative and qualitative variables, respectively. Statistical analysis was performed
	using the Student's t-test or Wilcoxon test as appropriate (Gaussian or non-Gaussian
	variables) for continuous variables, and the Chi-square test or Fisher's exact test for
	categorical variables. A p-value of ≤ 0.05 was considered statistically significant.

Table 2

 2 ).

	On multivariable logistic regression analysis, creatinine clearance under 10ml/min (OR
	0.20; 95% CI, 0.04-0.99; p=0.05) and age (OR per years increment, 0.97; 95% CI, 0.94-
	0.99; p<0.01) were independent protective factors of underdosage. Creatinine clearance
	over 120ml/min (OR 2.09; 95% CI, 1.03-4.24; p=0.04) was the only independent predictor
	of underdosage (Table 3a).
	Creatinine clearance under 30ml/min (p<0.01) and bilirubin over 100µmol/L at day of TDM
	(p=0.02) were significantly associated with being over the target range of PIP
	concentration. No significant differences were noted in age, history of chronic disease,
	cirrhosis, or SOFA score (Table 2).
	Independent predictors of over-dosage were bilirubin over 100µmol/L (OR 2.65; 95% CI,
	1.26-5.56; p<0.01) and creatinine clearance under 30ml/min, especially if it was under
	Plasma concentration of piperacillin in subjects with cirrhosis
	Patients with cirrhosis had significantly higher SOFA score on the day of admission (mean
	SOFA score: 8.4 (±4) vs 6.8 (±4); p<0.001). There was no difference in age, sex, BMI,
	creatinine clearance at day 1 and SAPS II score on the day of admission. Infection was
	microbiologically documented less often in patients with cirrhosis (41% vs 58%; p=0.005).
	Detailed characteristics are displayed in Table 4.
	On the first assay, patients with cirrhosis did not have excessive drug concentrations
	(39%) compared to the patients without cirrhosis (37%) (p=0.74). There was no
	statistically significative difference in creatinine clearance between the 2 groups (89.7
	ml/min (±82.6) and 103.6 ml/min (±87.2), in patients with and without cirrhosis,
	respectively, p=0.19). But patients with cirrhosis received a lower dose of PTZ than
	patients without cirrhosis (184mg/kg (±61) and 198mg/kg (±61) in patients with and
	without cirrhosis, respectively, p=0.048).

10ml/min or RRT (OR 14.07; 95% CI, 6.71-29.52; p<0.001). While the only predictor factor to be not overdosed was creatinine clearance over 120ml/min (OR 0.35; 95% CI, 0.14-0.88; p=0.02) (Table

3b

).

  , which reflects the highest MIC the initial treatment should cover. Considering the PIP free fraction of approximately 80%, the concentration target range was defined as 80-160mg/L. Few studies used different target ranges. Richter et al. (21) used target as f T > 2-4 x MIC: 33-64mg/L; Zander et al. (22) used 2 different minimal targets : > 22.5 mg/L for trough levels and/or a percentage of time > 90 mg/L of ≥ 50 %; whereas Weinelt et al.(23) used 1-5 x MIC (and 16-80 mg/L if a MIC value could not be determined). However, this could explain the number of patients not reaching target with lower PIP concentrations in our study. Because of the large proportion of immunocompromised individuals with cirrhosis or who underwent liver transplantation and had special pathogens with higher MICs than other patients, we judged that the high breakpoints we had established for target achievement was necessary, despite the small number of isolated Pseudomonas aeruginosa in our study (5.2%, n=18).

	Serum antibiotic concentrations were excessive in 39% of the patients with cirrhosis. Drug
	concentrations were insufficient in 22% of the patients with cirrhosis. There was no
	significant difference in target achievement on the first PIP assay between the patients
	with and without cirrhosis. The difference in antibiotic dosage given to patients with and
	without cirrhosis, patients with cirrhosis receiving a slightly lower dosage, could have
	influenced the lack of difference in target achievement (184mg/kg (±61) and 198mg/kg
	(±61) in patients with and without cirrhosis, respectively, p=0.048). It is possible that our
	medical team anticipated higher drug concentrations in patients with cirrhosis due to the
	decrease in PIP elimination associated with liver dysfunction. While renal clearance is the
	primary route of PIP elimination

Consistent with previous findings

[START_REF] Udy | Subtherapeutic Initial β-Lactam Concentrations in Select Critically Ill Patients[END_REF]

, our study cohort also identified age and creatinine clearance as two important factors associated with underdosage. Specifically, the odds of underdosage significantly decreased with low creatinine clearance (CrCl < 10 ml/min: OR 0.2, 95% CI [0.04-0.99], p = 0.05). Regarding factors associated with overdosage, we also identified two factors: creatinine clearance and bilirubin levels exceeding 100 µmol/L (bilirubin > 100µmol/L: OR 2.65 95% CI

[1.26-5

.56], p < 0.01). It is worth noting that the association between bilirubin levels over 100 µmol/L and overdosage has not been previously described in the literature, to the best of our knowledge.

Table 1 .

 1 The main demographic characteristics of patients with and without cirrhosis

	(n=348)				
		Underdose	PIP concentration Target	Overdose	Total
		n=90 (26%)	n=128 (37%)	n=130 (37%)	n=348
	Characteristics at inclusion				
	Age (years), mean (±SD)	56 (±16)	65 (±14)		65 (±14)	62 (±15)
	Gender male, number (%)	66 (73%)	88 (69%)		82 (63%)	236 (68%)
	BMI (kg/m²), mean (±SD)	28 (±9)	27 (±6)		26 (±7)	27 (±8)
	Weight (kg), mean (±SD)	82 (±26)	77 (±19)		74 (±19)	78 (±23)
	Score				
	SAPS II, mean (±SD)	42 (±16)	47 (±16)		50 (±18)	48 (±17)
	SOFA, mean (±SD)	6 (±4)	7 (±4)		8 (±4)	7 (±4)
	MELD, mean (±SD)	12 (±6)	15 (±7)		20 (±8)	16 (±8)
	Comorbid conditions				
	Cirrhosis, n (%)	21 (23%)	36 (28%)		37 (28%)	94 (27%)
	Chronis kidney disease, n (%)	2 (2%)	22 (17%)		29 (22%)	53 (15%)
	Surgical admission, n (%)	44 (49%)	58 (45%)		52 (40%)	154 (44%)
	Category of infection, n (%)				
	Pneumonia	17 (17%)	20 (14%)		24 (16%)	61 (17.5%)
	Intra-abdominal	18 (18%)	22 (16%)		35 (24%)	75 (21.6%)
	Bacteriemia	7 (7%)	15 (11%)		21 (14%)	43 (12.4%)
	Others	4 (4%)	6 (4%)		5 (3%)	15 (4%)
	Documented infection, n (%)	51 (52%)	65 (47%)		71 (49%)	187 (54%)
	Gram-negative bacilli	46 (47%)	52 (37%)		61 (42%)	159 (46%)
	Characteristics on day of first PIP assay				
	Creatinine clearance (ml/min), mean	158 (±98)	90 (±73)		49 (±54)	100 (±86)
	(±SD)				
	Creatinine clearance (ml/min), n (%)				
	> 120	57 (63%)	37 (29%)		9 (7%)	103 (30%)
	[60 -120]	21 (22%)	39 (31%)		24 (18%)	84 (24%)
	[30 -59]	8 (9%)	23 (18%)		27 (21%)	58 (17%)
	[10 -29]	2 (2%)	12 (9%)		29 (22%)	43 (12%)
	< 10 or RRT	2 (2%)	17 (13%)		41 (32%)	60 (17%)
	RRT, n (%)	2 (2%)	14 (11%)		19 (15%)	35 (10%)
	Shock, n (%)	38 (42%)	69 (54%)		66 (51%)	173 (50%)
	Invasive ventilation, n (%)	36 (40%)	48 (38%)		46 (35%)	130 (37%)
	Albumin (g/L), mean (±SD)	29.3 (±4.4)	28.5 (±5.1)	29.9 (±5.5)	29.1 (±5.1)
	Bilirubin (µmol/L), mean (±SD)	54.6 (±93.5)	60.8 (±98.9	91.3 (±141.1)	70.6 (±115.4)
	Prothrombin rate (%), mean (±SD)	69 (±21)	66 (±23)		64 (±22)	66 (±22)
	PIP administration				
	PIP dose per day (mg/kg), mean (±SD)	192 (±50)	191 (±64)		199 (±65)	194 (±61)
	PIP concentration (mg/L), mean (±SD)	58 (±15)	117 (±24)	271 (±107)	159 (±112)
	Outcomes				
	Duration of PTZ (days), mean (±SD)	9 (±6)	8 (±5)		9 (±6)	9 (±6)
	ICU mortality, n (%)	6 (7%)	13 (10%)		25 (19%)	44 (13%)
	BMI: Body Mass Index. SAPS-II: Simplified Acute Physiology Score. SOFA: Sequential Organ Failure Assessment
	score. MELD: Model for End-Stage Liver Disease. RRT: Renal Replacement Therapy. PIP: Piperacillin. PTZ:
	Piperacillin-Tazobactam. ICU: Intensive Care Unit				

Table 2 .

 2 Univariate association. Multinomial logistic regression, with reference the target PIP concentration.

		Underdose vs Target	Overdose vs Target
		OR [95% IC]	P value	OR [95% IC]	P value
	Characteristics at inclusion				
	Age	0.96 [0.94-0.98]	<0.001	0.99 [0.96-1.02]	0.99
	Gender male	1.25 [0.68-2.27]	0.46	0.78 [0.46-1.32]	0.34
	BMI	1.01 [0.98-1.04]	0.29	0.99 [0.95-1.03]	0.46
	Score				
	SAPS II	0.98 [0.96-0.99]	0.04	1.01 [1.00-1.03]	0.09
	SOFA	0.93 [0.87-0.99]	0.05	1.04 [0.99-1.11]	0.12
	Comorbid conditions				
	Cirrhosis	0.77 [0.42-1.45]	0.43	1.02 [0.59-1.75]	0.95
	Chronis kidney disease	0.11 [0.02-0.48]	<0.01	1.38 [0.75-2.57]	0.30
	Surgical admission	1.15 [0.67-1.98]	0.43	0.80 [0.49-1.32]	0.39
	Characteristics on day of first PIP assay				
	Creatinine clearance (ml/min)				
	> 120	2.73 [1.40-5.32]	<0.01	0.40 [0.16-0.99]	0.04
	[60 -120]	Reference		Reference	
	[30 -59]	0.54 [0.20-1.46]	0.22	1.59 [0.77-3.33]	0.21
	[10 -29]	0.30 [0.06-1.44]	0.13	3.54 [1.54-8.12]	<0.01
	< 10 or RRT	0.21 [0.04-0.98]	0.05	11.67 [4.32-31.54]	<0.001
	Shock	0.47 [0.36-1.08]	0.09	0.88 [0.54-1.45]	0.61
	Invasive ventilation	1.11 [0.64-1.93]	0.71	0.91 [0.55-1.17]	0.72
	Albumin	1.03 [0.98-1.09]	0.27	1.04 [0.99-1.09]	0.08
	Bilirubin (µmol/L)				
	<100	Reference		Reference	
	>100	1.17 [0.57-2.39]	0.67	2.07 [1.12-3.82]	0.02
	Prothrombin rate	1.01 [0.99-1.03]	0.34	1.00 [0.98-1.02]	0.42
	PIP administration				
	PIP dose per day	1.52 [0.01-156.9]	0.86	6.92 [0.15-317.29]	0.32

BMI: Body Mass Index. SAPS-II: Simplified Acute Physiology Score. SOFA: Sequential Organ Failure Assessment score. MELD: Model for End-Stage Liver Disease. RRT: Renal Replacement Therapy. PIP: Piperacillin. PTZ: Piperacillin-Tazobactam. ICU: Intensive Care Unit

Table 3a .

 3a Multivariate model of underdose group versus target group

		ß parameter	OR	95% Confidence Interval	p-value
	Age (per year)	-0.0289	0.97	[0.94 -0.99]	<0.01
	SOFA (per point)	0.0034	1.00	[0.92-1.08]	0.94
	Creatinine clearance (ml/min)				
	>120	0.7353	2.09	[1.03-4.24]	0.04
	[60-120]	reference	1		
	[30-59]	-0.5408	0.58	[0.21-1.60]	0.29
	[10-29]	-1.2619	0.28	[0.06-1.42]	0.12
	<10 or RRT	-1.6309	0.20	[0.04-0.99]	0.05
	Shock	-0.1489	0.86	[0.45-1.61]	0.65

Table 3b .

 3b Multivariate model of overdose group versus target group

		ß parameter	OR	95% Confidence Interval	p-value
	SOFA (per point)	-0.0614	0.98	[0.95 -1.00]	0.11
	Creatinine clearance (ml/min)				
	>120	-1.0357	0.35	[0.14 -0.88]	0.02
	[60-119]	reference	1		
	[30-59]	0.5075	1.66	[0.78 -3.52]	0.18
	[10-29]	1.4598	4.31	[1.83 -10.13]	<0.001
	<10 or RRT	2.6443	14.07	[6.71 -29.52]	<0.001
	Albumin (per 10 g/L)	0.02592	1.03	[0.97 -1.08]	0.35
	Bilirubin (µmol/L)				
	<100	reference	1		
	≥100	0.9747	2.65	[1.26 -5.56]	<0.01

Table 4 .

 4 Study Characteristics of patients with and without cirrhosis

	With cirrhosis n=94	Without cirrhosis n=254	p value 1

Characteristics on D7 Creatinine clearance (ml/min, ±SD) 106 (±103) 114 (±100) 0.76 PIP dose per day (mg/kg), mean (±SD) 164 (±46) 168 (±62) 0.69 PIP concentration (mg/L), mean (±SD) 159 (±94) 101.9 (±71) 0.007 1 Kruskal-Wallis test for continuous variables. Chi square test or Fisher test for discontinuous variables.

ABSTRACT

Introduction: In this study, we assessed the target concentration of piperacillin (PIP) in cirrhotic and non-cirrhotic patients in the intensive care unit (ICU) receiving continuous infusion of piperacillin-tazobactam (PTZ). Our objective was also to identify the major risk factors for underdosing or overdosing and to monitor the concentration's evolution over time.

Methods: This retrospective, single-center study included all treated with PTZ who had at least one blood level measurement of PIP. The target concentration was set at 4 to 8 times the minimum inhibitory concentration of Pseudomonas aeruginosa (80-160mg/L). Multivariate logistic regression analysis was used to evaluate factors associated with achieving the target concentration.

Results:

We included 348 patients in 2018 and 2020, of which 94 (27%) were cirrhotic.

Among cirrhotic and non-cirrhotic patients, 37% were within the target range, 26% were underdosed, and 37% were overdosed. Renal clearance (CrCl < 10 ml/min: OR = 14.07; 95% CI: [6.71-29.52]; p < 0.001), bilirubin levels (total bilirubin > 100µmol/L: OR = 2.65 [1.26-5.56]; p < 0.01), and age (age per year: OR 0.97; 95% CI [0.94-0.99]; p < 0.01) were the main factors associated with incorrect dosing. During the first assay, there was no difference in concentration between cirrhotic and non-cirrhotic patients (154mg/L (±88) vs. 161mg/L (±120) respectively; p = 0.57). However, cirrhotic patients were more frequently overdosed starting from the 3rd day of treatment.

Conclusion:

Only one-third of ICU patients treated with PTZ achieved the target concentration. Renal function, bilirubin levels, and age were associated with not reaching the target. There was no difference in the proportion of patients reaching the target concentration between patients with and without cirrhosis during the initial measurement. 

RESULTS

Demographic and clinical characteristics of the patients

During the study period, a total of 348 patients were included in the study protocol. These patients underwent a total of 781 PIP monitoring procedures. Among the included patients, 94 individuals had clinically significant liver cirrhosis. The mean Child-Pugh score before admission for these patients was 9 ±3; In the liver cirrhosis group, there were 219 PIP monitoring procedures conducted. On the other hand, the group without cirrhosis consisted of 562 PIP monitoring procedures.

The main demographic characteristics of the included patients with and without liver cirrhosis are detailed in Table 1. The mean age of patients was 62 with 236 (68%) male patients. The mean SOFA score on admission was 7 (±4), and SAPS II was 48 (±17).

The mean creatinine clearance was 100 ml/min (±86). Thirty-five patients were on renal replacement therapy on the TDM day (10%). 44 patients (13%) died.

The main sources of sepsis were intra-abdominal for 75 patients (21.6%), pulmonary infection for 61 patients (17.5%) and bacteriemia for 43 patients (12.4%). Among the total cases, microbiological documentation was available for 187 patients (54%). Out of these documented infections, 154 cases (44.3%) were attributed to Gram-negative bacilli.

Plasma concentration of piperacillin overall patient

Mean total daily dose of PTZ was 194 (±61) mg/kg, and mean PIP concentration was 158 (±112) mg/L. At the first PIP assay, 37% (n = 128) was in, 26% (n = 90) under and 37% (n = 130) over the target concentration rate. Several factors were found to be significantly associated with not being under the target range of PIP concentration. These included a history of chronic disease (p<0.01), inclusion SOFA score (p=0.05), SAPS II score (p=0.04), age (p<0.001), creatinine clearance under 10ml/min at the day of TDM, and the necessity of renal replacement therapy (RRT) (p<0.05). On the other hand, having a creatinine clearance above 120ml/min was significantly associated with being under the target range. However, no SERMENT ➢ En présence des Maîtres de cette école, de mes chers condisciples et devant l'effigie d'Hippocrate, je promets et je jure, au nom de l'Etre suprême, d'être fidèle aux lois de l'honneur et de la probité dans l'exercice de la médecine.

➢ Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.

➢ Admise dans l'intérieur des maisons, mes yeux ne verront pas ce qui s'y passe, ma langue taira les secrets qui me seront confiés, et mon état ne servira pas à corrompre les moeurs, ni à favoriser le crime.

➢ Respectueuse et reconnaissante envers mes Maîtres, je rendrai à leurs enfants l'instruction que j'ai reçue de leurs pères.

➢ Que les hommes m'accordent leur estime si je suis fidèle à mes promesses. Que je sois couverte d'opprobre et méprisée de mes confrères si j'y manque.