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The Problem

▪ Sepsis is a common cause of critical illness and death

▪ Commonly use vancomycin PLUS either piperacillin-
tazobactam or cefepime

▪ Piperacillin-tazobactam and cefepime proposed to 
have unique risk/benefit profiles but comparative 
data are lacking
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Acute Kidney Injury

• AKI associated with 6-8 fold increase in mortality in critically ill 
patients. 

• Often multifactorial etiology

Association between concurrent vancomycin and piperacillin-
tazobactam with creatinine elevations
• Retrospective, observational analysis are inconclusive but favor 

creatinine elevation



Acute Kidney Injury



Acute Kidney Injury?

Miano et al. Intensive Care Medicine. September 2022



Delirium

• Delirium common in critically ill patients and an independent 
predictor of poor outcomes including mortality

Cefepime Neurotoxicity
• Cefepime neurotoxicity is rare in the literature and difficult to define
• No gold standard test
• Spectrum of presentation (coma to agitation)



Delirium?



Antibiotic Choice in Sepsis

Data comparing comparative effectiveness and toxicities is 
lacking

Aim: Conduct a randomized trial to understand the 
effect of empiric antibiotic choice for patients in the ED 

and ICU.



ACORN Trial

• 2,511-patient RCT
• Population:

• Adults who are < 12 hours from hospital presentation in 
the ED or ICU who receive at least one dose of empiric 
cefepime or piperacillin-tazobactam (modified intention 
to treat)

• Intervention: 
• Choice of empiric gram-negative antibiotic 

(cefepime or piperacillin-tazobactam)



Steps of a pragmatic clinical trial

1. Screening
2. Eligibility assessment
3. Informed consent
4. Randomization
5. Intervention Delivery
6. Compliance Monitoring
7. Safety Monitoring
8. Collection of study data





Inclusion/Exclusion Criteria

Inclusion
1. Age ≥ 18 years old
2. Located in a participating emergency 

department or medical intensive care unit 
3. Less than 12 hours from presentation to 

study hospital
4. Treating clinician initiating an order for an 

anti-pseudomonal cephalosporin or anti-
pseudomonal penicillin

5. (Also no allergies documented)

Exclusion
1. Known receipt of > 1 dose of an anti-

pseudomonal cephalosporin or anti-
pseudomonal penicillin during the last 7 days

2. Current documented allergy to 
cephalosporins or penicillin

3. Known to be a prisoner
4. Treating clinicians feel that either an anti-

pseudomonal cephalosporin or anti-
pseudomonal penicillin is required or 
contraindicated for the optimal treatment of 
the patient, including for more directed 
antibiotic therapy against known prior 
resistant infections or suspected sepsis with 
an associated central nervous system 
infection 



1. Located in a participating emergency department or medical 
intensive care unit 

2. Age ≥ 18 years old

3. Less than 12 hours from presentation to study hospital
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1. Known to be a prisoner

2. Current documented allergy to cephalosporins or penicillin

3. Known receipt of > 1 dose of an anti-pseudomonal cephalosporin or anti-pseudomonal penicillin during the last 7 days

4. Treating clinicians feel that either an anti-pseudomonal cephalosporin or anti-pseudomonal penicillin is required or 
contraindicated for the optimal treatment of the patient, including for more directed antibiotic therapy against known 
prior resistant infections or suspected sepsis with an associated central nervous system infection 



Waiver of Informed Consent

• The research involves no more than minimal risk to subjects
• Providers confirmed equipoise between the agents before enrollment

• The research could not be carried out practicably without the waiver 
or alteration

• Antibiotic delay in sepsis associated with increased mortality
• Unethical to delay antibiotics for traditional consent process
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Outcomes

Primary Outcome:  
• AKI Ordinal Scale Between 

Enrollment and Day 14
• 0 = No AKI
• 1 = Creatinine increase by 1.5-1.9 

times baseline 
• OR Increase by >= 0.3 mg/dL

• 2 = Creatinine increase by 2.0-2.9 
times baseline

• 3 = Creatinine increase by >= 3.0 
times baseline 

• OR Increase by >= 4.0 mg/dL
• OR New Dialysis

• 4 = Death

Secondary Outcome:
• Major Adverse Kidney Events within 

14 days
• Composite of: Death or New dialysis

within 14 days or stage 2 AKI on day 
14

• Days Alive and Free of Delirium and 
Coma to day 14

• Days where either CAM-ICU is 
positive or RASS -4 or -5







Antibiotic Receipt



Primary Outcome

Primary Outcome Cefepime
(n = 1214)

Piperacillin-
Tazobactam
(n = 1297)

Odds ratio
(95% CI)

New or worsening AKI or 
death by day 14 – no. (%)

0.95 
(0.80 to 1.13)

0 = No AKI 910 (75.0) 954 (73.6)
1 = Stage 1 AKI 97 (8.0) 103 (7.9)
2 = Stage 2 AKI 40 (3.3) 77 (5.9)
3 = Stage 3 AKI 75 (6.2) 85 (6.6)
4 = Death 92 (7.6) 78 (6.0)



Effect Modification 
for Primary Outcome



Secondary Outcomes

Secondary Outcomes Cefepime
(n = 1214)

Piperacillin-
Tazobactam
(n = 1297)

Absolute 
Difference or 

Odds ratio
(95% CI)

Major adverse kidney events by day 14 124 (10.2) 114 (8.8) 1.4% 
(-1.0% to 3.8%)

Death 92 (7.6) 78 (6.0)
New kidney replacement therapy 37 (3.3) 28 (2.3)
Final creatinine level ≥ 2x baseline 15 (1.3) 29 (2.4)

Delirium and Coma-free days by day 14 0.79 
(0.65 to 0.95)

Median (IQR) 14.0 
(14.0 to 14.0)

14.0 
(14.0 to 14.0)

Mean ± SD 11.9 ± 4.6 12.2 ± 4.3
Median (IQR), Mean ± SD,  or No. (%)



Effect Modification for
Secondary Outcomes

MAKE14:
No difference overall or in any subgroup

Delirium and coma-free days:
Point estimate favors piperacillin-

tazobactam over cefepime overall and in 
almost every subgroup.



Strengths and Limitations
Strengths

• Design
• Randomized trial
• Embedded in “real-world” care

• Large sample size
• Adequate power among the 1939 

patients receiving vancomycin at 
enrollment

• Early intervention: trial control 
antibiotic from first dose 

• Facilitated separation between groups
• Minimized pre-trial contamination

Limitations
• Single center trial limits generalizability

• Unblinded

• Median duration of 3 days
• Sensitivity analysis limited to patients who 

received >48, >72, and >96 hours were similar

• 1 in 5 patients received at least one dose of 
the non-assigned study drug

• Cefepime neurotoxicity spans a spectrum 
from coma to agitation



Trial Conclusions

Compared to cefepime, piperacillin-tazobactam does 
not increase the incidence of AKI.

Compared to piperacillin-tazobactam, cefepime may 
decrease the number of days alive and free of delirium 

and coma.



Thank you for listening!
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