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Therapeutic Drug Monitoring of Prolonged Infusion 
Aztreonam for Multi-Drug Resistant Pseudomonas 
aeruginosa: A Case Report
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Aztreonam, a broad-spectrum monobactam, is typically reserved for multidrug resistant (MDR) infections. 
Pharmacokinetic (PK) data to guide dosing in children, however, are limited to healthy volunteers or 
nonintensive care unit (ICU) patients. Impaired antibiotic delivery into tissue remains a major concern and 
may explain the high morbidity and mortality associated with MDR infections. Therefore, evaluating the PK 
changes in pediatric ICU patients is necessary to elucidate the most appropriate antimicrobial regimen. 
We describe the PK of prolonged infusion aztreonam in a patient with MDR Pseudomonas aeruginosa 
empyema. The 16-year-old tetraplegic male with a cervical spinal cord injury, chronic respiratory failure, 
and tracheostomy was admitted with a 2-day history of fever and hypoxemia. Chest x-ray revealed a left 
lower lobe infiltrate. On hospital day 2, computed tomography scan noted a massive collapse of the left 
lung with bronchiectasis and hepatization with a pneumatocele. He underwent bronchoscopy on days 2, 6, 
and 10 and the cultures subsequently grew P aeruginosa only sensitive to aztreonam (minimum inhibitory 
concentration [MIC] of 2–6 mg/L). A regimen of aztreonam 2 grams intravenously (IV) every 6 hours (each 
dose infused over 4 hours) and polymyxin B 1,000,000 units IV every 12 hours (each dose infused over 30 
minutes) was initiated on day 3. On day 8, the aztreonam serum plateau concentration was 71 mg/L. Repeat 
respiratory and bronchoscopy cultures from days 19 to 37 remained negative. Aztreonam clearance was 
2.3 mL/kg/min, which was significantly increased when compared with the 1.3 mL/kg/min suggested in the 
prescribing information based on adult data. A prolonged infusion of 2 grams of aztreonam every 6 hours 
(each dose infused over 4 hours) successfully attained 100% of the target serum and lung concentrations 
above the MIC for at least 40% of the dosing interval, and was associated with successful treatment of MDR 
P aeruginosa empyema.
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Introduction
Prompt administration of antimicrobials with an ap-

propriate spectrum of activity for infecting pathogens is 
vital in the intensive care unit (ICU). Prompt and appro-
priate antimicrobial therapy has been shown to reduce 
morbidity and mortality across many different pediatric 
and adult settings.1–7 Unfortunately, many antimicrobial 
dosing recommendations are developed using healthy 
volunteers and neglect the pharmacokinetic and phar-
macodynamic changes known to occur in patients in an 
ICU setting.8–11 Further, augmented renal clearance (ARC) 
is the state of enhanced renal drug elimination observed 
in critical illness, which can generate subtherapeutic 
antimicrobial concentrations. ARC results in a reduction 
in the time the free drug concentration is above the 

minimum inhibitory concentration (fT > MIC) of the infect-
ing organism, the primary pharmacodynamic parameter 
linked to efficacy for β-lactams and monobactams.12–17

Aztreonam, a broad-spectrum monobactam, is 
typically reserved for multidrug resistant (MDR) infec-
tions.18 Aztreonam displays bactericidal activity against 
Pseudomonas aeruginosa and other Gram-negative 
aerobes.18 Pharmacokinetic data to guide dosing in 
children are limited to healthy volunteers or non-ICU 
patients. Currently, a single study has been conducted 
assessing the pharmacokinetics of aztreonam in 29 
pediatric patients; however, information documenting 
the severity of their infections and the hospital care set-
ting in which they were treated is excluded.19 Impaired 
antimicrobial distribution into affected tissues is a 
major concern with all infections; this is especially true 
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of infections caused by MDR organisms, which exhibit 
high morbidity and mortality.1–5 An understanding of 
the pharmacokinetic changes in patients in the pedi-
atric ICU is crucial to determine the most appropriate 
antimicrobial dosing regimen. The purpose of this case 
report is to describe the therapeutic drug monitoring 
of prolonged infusion aztreonam in an adolescent pa-
tient with MDR P aeruginosa complicated empyema. 
The Drexel University College of Medicine Institutional 
Review Board approved this case report.

Case
A 16-year-old, 51 kg, tetraplegic male with a C2 spinal 

cord injury secondary to a gunshot wound, chronic 
respiratory failure, and a tracheostomy was admitted 
with fever and hypoxemia for 2 days. At presentation, 
a chest x-ray revealed a left lower lobe lung infiltrate. 
On hospital day 2, a computed tomography (CT) scan 
was obtained demonstrating massive collapse of the 
left lung with bronchiectasis and hepatization with a 
pneumatocele and a small right lung pleural effusion. 
On hospital day 2, culture obtained from the first bron-
choalveolar lavage (BAL) subsequently grew P aeru-
ginosa susceptible only to aztreonam with a minimum 
inhibitory concentration (MIC) of 6 mg/L and polymyxin 
B with a zone of inhibition of 15 mm. On the third day of 
hospitalization, a regimen of 2 grams of aztreonam in-
travenously (IV) every 6 hours was infused over 4 hours 
and 1,000,000 units of polymyxin B IV every 12 hours 
was infused over 30 minutes. Three days later, a repeat 
BAL also grew P aeruginosa, but the aztreonam MIC for 
this isolate was 4 mg/L. On the eighth day of hospitaliza-
tion, a serum aztreonam concentration was obtained 
immediately at the end of the 4-hour prolonged infu-
sion and was 71 mg/L, corresponding to a clearance 
of 2.3 mL/min/kg. On the 19th day of hospitalization, a 
repeat CT scan with contrast showed near complete 
collapse of the left lung as well as decreasing size of 
the empyema, suggestive of improving pneumonia and 
bronchopleural fistula. On this same day, the respiratory 
culture obtained 16 days into this antimicrobial regi-
men was negative for the presence of any organism. 
Repeat BAL on day 21 also demonstrated no growth 
as did repeat BALs and cultures obtained on days 23 
and 26 of hospitalization. His chest x-ray continued to 
improve and suctioning needs subsequently decreased 
throughout the hospitalization. A repeat CT scan on day 
30 showed improved aeration of the left lung and only a 
small right empyema and a respiratory culture obtained 
on day 37 was negative. The patient was treated for a 
duration of 6 weeks from the first negative BAL. There 
were no adverse events or toxicities that developed 
in this patient as a result of the prolonged aztreonam 
infusion regimen.

Drug Levels. Aztreonam plasma concentration was 
determined by bioassay (utilizing Klebsiella pneu-
moniae ATCC 1296) at ARUP Laboratories (Salt Lake 

City, UT). The standard curve for the aztreonam bioas-
say ranged from 10 to 40 mg/L with an interday assay 
variability that was less than 15% across all reference 
samples between 10 and 40 mg/L. In the event a sample 
was outside the upper limit of determination on the 
standard curve, a 1:2 or 1:5 dilution was made until the 
sample was within the standard curve. If a sample was 
below the lower limit of determination on the standard 
curve, a value of “undetectable” was reported by the 
reference laboratory.

Pharmacokinetics. The following equation was uti-
lized in determining patient-specific pharmacokinetic 
variables: Dose (mg/kg/hr) = Css (mg/L) *CL, where CL 
= ke (hr−1) * Vd (L/kg). The fT > MIC for aztreonam was 
calculated, and the probability of target attainment was 
calculated using a pharmacodynamic target of ≥40% fT 
> MIC.14–17A probability of target attainment ≥90% was 
defined as optimal.14–17

Discussion
Standard dosing regimens are commonly utilized 

regardless of a patient’s clinical scenario. For compli-
cated, critically ill patients, this paradigm places patients 
at risk for therapeutic failure as a result of altered 
pharmacokinetics and pharmacodynamics commonly 
seen in an ICU setting. The aztreonam18 package insert 
suggests a clearance estimate in adults of 1.3 mL/min/
kg and a pediatric estimate that closely approximates 
this value. To the authors knowledge, there are no 
published pharmacokinetic data of aztreonam in criti-
cally ill children. Data on aztreonam pharmacokinetics 
in critically ill adult patients suggest higher clearance 
estimates in the range of 1.8 to 2 mL/min/kg.20,21 The 
clearance value in this patient was 2.3 mL/min/kg, a 
value approximately 78% higher than suggested in the 
package insert and about 15% to 30% higher than adult 
patients in the ICU.18 Current dosing recommendations 
available in drug dosing references21–23 are based on 
the clearance estimate of 1.3 mL/min/kg. Dosing regi-
mens are reliant on an equation where dose = desired 
concentration * clearance value. As can be seen with 
a simple manipulation of the above equation, if the 
clearance value changes, the desired target concentra-
tion will not be obtained following administration of a 
“standard dose.” For example, if a standard aztreonam 
dose is given and the clearance estimate is doubled, 
the actual concentration will be reduced in comparison 
to the target concentration. This relationship is rarely 
used when selecting and designing dosing regimens 
in the pediatric ICU.

Site of infection must be taken into account when 
determining an optimal drug dosing regimen, which is 
a paradigm that should change as more contemporary 
antimicrobial pharmacokinetic and pharmacodynamic 
research is conducted. The estimated epithelial lin-
ing fluid (ELF) ratio for aztreonam ranges from 36% 
to 80%.23 Therefore, the dosing regimen should be 
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adjusted to maintain a serum concentration that allows 
for an ELF concentration 4 to 6 times the MIC for at least 
40% of the dosing interval when using aztreonam to 
treat a primary lung infection. The P aeruginosa MIC 
grown from the BAL culture was 2 to 6 mg/L. Therefore, 
6 times the MIC would require a range of 12 to 36 mg/L 
concentration in the ELF. To achieve this target ELF 
concentration, the serum concentration would need to 
be at least 35 mg/L and in our patient, it was 71 mg/L. 
Using the 2-gram prolonged infusion of aztreonam over 
4 hours every 6 hours, the estimated ELF concentration 
was in the range of 25 to 57 mg/L, which allowed for a 
probability of target attainment of 100% for serum and 
presumed ELF concentrations above the MIC for at 
least 40% of the dosing interval. The use of a prolonged 
infusion regimen, monitored with drug levels, allowed 
for a steady ELF concentration above the MIC. This dos-
ing regimen avoided periods of trough concentrations 
below the MIC seen with intermittent dosing, which is 
critical, as suboptimal antimicrobial therapy is associ-
ated with worse outcomes.1–7,25 Further, the repeat BAL 
and respiratory cultures also remained negative with 
this prolonged infusion aztreonam regimen.

This case illustrates the use of antimicrobial thera-
peutic drug monitoring to guarantee sufficient drug 
exposure to successfully treat a MDR P aeruginosa 
empyema. Pediatric ICU patients are a population at 
extreme risk of insufficient antimicrobial dosing. Litera-
ture focusing on acute kidney injury has many clinicians 
advocating for judicious decrement of antimicrobial 
dosing, yet clinical scenarios may necessitate increas-
ing dosing regimens, and the inability to identify ARC 
can further complicate the situation. This is another 
case demonstrating the need for real-time therapeu-
tic drug monitoring.26–28 Therapeutic drug monitoring 
can provide for optimization of antimicrobial dosing 
regimens to maximize the opportunity for a successful 
clinical outcome while minimizing potential adverse 
effects and drug-related toxicities. Compared with 
adults, children have a greater number of functioning 
nephrons, and therefore, have greater drug clearance 
(CL) via glomerular filtration.29,30 As a result, children 
between the ages of 6 months to 6 years usually have 
a renal elimination of drugs that is at least 2 times faster 
than adults 18 years of age and older.31–33 Therefore, 
this finding of increased aztreonam clearance would be 
expected in infants and younger children as described 
previously with other β-lactam antimicrobials.8,9,26

Conclusion
A prolonged infusion regimen of aztreonam 2 grams 

every 6 hours (each dose infused over 4 hours) was 
successful in providing a probability of target attainment 
of 100% for serum and presumed ELF concentrations 
above the MIC for at least 40% of the dosing interval 
and associated with a successful clinical outcome in 
this complex patient with MDR P aeruginosa empyema.
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