ECMO Antimicrobial and Sedation Dosing Reference
LALK (Revised February 2024)

Extracorporeal Membrane Oxygenation (ECMO) is a life support system for the heart and lungs where blood is removed from the body before

There are several dosing considerations related to ECMO, including the following:
e  Sequestration — drug lost to the circuit by adherence to the tubing and/or oxygenator membranes

Volume of Distribution — increased effective drug distribution due to hemadilution or distribution into the circuit itself, which lowers the
patient’s drug levels

e  Clearance — altered drug clearance due to the ECMO circuit

Patients on ECMO are often also on CRRT, and the CRRT dosing Erotocol should also be referenced for these patients.

being oxygenated and returned to the patient. The ECMO circuit consists of tubing, both from the patient to the machine and within the machine;
pumps; and an oxygenator, which oxygenates the blood and removes CO..

Upward arrows indicate an increase in the corresponding pharmacokinetic parameter while downward arrows indicate a decrease.

Vd: volume of distribution, Cl: clearance, ti2: half-life, PK: pharmacokinetics IV: intravenous, PO: oral, CF: cystic fibrosis, FN: febrile neutropenia, PNA: pneumonia, SSTI: skin and

soft tissue infection, BSI: bloodstream infection, IE: infective endocarditis, IAl: intra-abdominal infection, CNS: central nervous system, UTI: urinary tract infection, Obesity:
TBW/IBW 2120%, RRT: renal replacement therapy

Medication

Usual dose

Sequestration

ECMO Effects on PK

vd

Cl

Drug Dosing Changes

Amphotericin B
Underweight: TBW

Mucormycosis**
5 mg/kg IV g24h

Deoxycholate

Reasonable to start normal

Minimal dosing, discuss risk/benefit
Normal weight: TBW with clinical pharmacy
Obese: DW Li | T T i T l
. Other indications™* =lposomal May consider deoxycholate
"Do not automatically adjust without 3-4 mglkg IV q24h Moderate formulation
contacting MD first
UTI, SSTI S a1
29IV ql2h CrCl 2 61.-2 g1V g8h
Minimal No ch CrCl 11-29: 1 g IV g12h
*Highly recommend extended 3 to 4-hour | |CU, CNS, FN, CF, PNA, inima 0 change li TT CrCl<10: 1 g IV g24h
infusions IE, Pseudomonas
2 gV g8h All given over 3 hours
) Insufficient data
Cefiderocol
Restricted to ID 2 g \Y q8h Minimal Unknown Unknown Unknown Rea.sonals)le to St-art norma.|
3-hour infusion time for all doses dosing, discuss risk/benefit
with clinical pharmacy
Insufficient data
Ceftaroline 600 mg IV q12h o
Significant T Unknown Unknown Reasonable to start normal
Restricted to ID MRSA BSI dosing, discuss risk/benefit
600 mg IV g8h with clinical pharmacy
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Medication

Usual dose

Sequestration

ECMO Effects on PK

vd Cl

Drug Dosing Changes

Ceftolozane/tazobactam

Restricted to ID

1Al, UTI, SSTI, other
infections
1591V g8h

Pneumonia
3glIVvg8h

Minimal

T No change

No change

No adjustment necessary

Ceftriaxone

291V g24h

CNS or Enterococcal
Endocarditis
291V gl2h

Minimal

No change No change

No change

No adjustment necessary

Ciprofloxacin (1V)

400 mg IV q12h

Nosocomial PNA or
Intermediate susceptibility

400 mg IV g8h

Minimal

No adjustment necessary

If MIC > 0.25 mg/L, use

alternative agent due to

decreased likelihood of
reaching a therapeutic level

Fluconazole (PO/IV)
Round doses UP to the nearest 200 mg

Vaginal Yeast Infection
200 mg PO/IV x1

Heme/onc prophylaxis
400 mg PO/IV g24h

Esophageal candidiasis
or symptomatic urinary
infection
3 mg/kg PO/IV

Invasive; CNS, IAl, BSI
12 mg/kg IV/PO loading
dose, then 6 mg/kg
IV/PO g24h

Susceptible dose-
dependent

Nakaseomyces
(Candida) glabrata

12 mg/kg IV/IPO g24h

Minimal

T No change

No change

No adjustment necessary;
dose based on TBW

Gentamicin

Underweight: TBW
Normal weight IBW
Obese: DW

Pharmacist PK dosing by
drug levels: see facility’s
aminoglycoside dosing
protocol

Minimal

Therapeutic drug monitoring
recommended




Medication

Usual dose

Sequestration

ECMO Effects on PK

vd

Cl

Drug Dosing Changes

Linezolid 600 mg PO/IV g12h Minimal No change No change No change No adjustment necessary
Limited data, utilize 1-29
500 mg IV g6h extended infusion dosing
below
Meropenem
1gIvgsh Minimal 1 i !
Highly recommend extended 3-hour No adjustment necessary,
infusions o administer as an extended
Meningitis, CF, or MIC of infusion over 3 hours
4 mcg/mL
2gl1vVg8h
Micafungin i
100 mg IV g24h '\,\"A'”('jma' to 1 o 1 150 mg IV q24
Restricted to ID or Critical Care oderate
Piperacillin/tazobactam 4591V q8h Minimal No change No change No adjustment necessal
(Extended Infusion — over 4h) 29V T g g : v
4591V g6h . .
. - Use extended infusion
PlperaC|II|n/t§zob§Ctam Minimal T No change No change Recommend against 30
(Standard infusion) Pseudomonas ruled out minute infusions
3.375g IV g6h
Vancomycin IV Pharmacist PK dosing by N No adjusFm,ent necessary;
drud level Minimal T No change No change see facility’s vancomycin
Use total body weight for dosing rug leveis dosing protocol
Voriconazole Treatment
_ 6 mg/kg PO/IV q12h x2
CEEMEGE M doses, then 4 mg/kg Therapeutic drug monitoring
Normal weight: TEW PO/V q12h N strongly recommended —
Obese: DW Significant 7 Tl T recommend pharmacy
Adjust dose based on therapeutic drug Prophylaxis consult to assist

monitoring; goal steady-state (=7 days)
trough of 1-6 mg/L

200 mg PO g12h




ECMO Effects on PK

Medication Usual dose Drug Dosing Changes
Sequestration vd Cl
0.2 — 1.5 mcg/kg/h
0.2 - 1.5 meg/kg/h Titrate: 0.2 mcg/kg/h
Dexmedetomidine Titrate: 0.2 mcg/kg/h Significant Unknown Unknown Unknown 30min to target RASS
q30min to target RASS Not to exceed 1.5 mcg/kg/h
due to bradycardia
25 — 200 mcg/h 50 — 400 mcg/h
Fentanyl Titrate: 25 mcg/h g15min Significant T Unknown Unknown Titrate: 25 mcg/h g15min to
to target RASS target RASS
0.5-4 mg/h 1-8mg/h
Hydromorphone Titrate: 0.25 mg/h Minimal Unknown Unknown Unknown Titrate: 0.25 mg/h gBOMIN to
g60min to target RASS target RASS
0.05 — 2.5 mg/kg/h 0.5 — 2.5 mg/kg/h
. Minimal to
Ketamine Titrate: 0.1 mg/kg/h moderate Unknown Unknown Unknown Titrate: 0.1 mg/kg/h g15min
g15min to target RASS to target RASS
0.02 — 0.1 mg/kg/h 1-10 mg/h
Midazolam Titrate: 0.02 mg/kg/h Significant T Unknown Unknown Titrate: 1 mg/h g10min to
g10min to target RASS target RASS
2 - 30 mg/h 2 - 30 mg/h
. Minimal to
RIEiie Titrate: 0.5 mg/h g30min moderate T L) LAy Titrate: 0.5 mg/h q30min to
to target RASS target RASS
5 — 50 mcg/kg/min 10 — 50 mcg/kg/min
Propofol Titrate: 5 mcg/kg/min Significant Unknown Unknown Unknown Titrate: 5 mcg/kg/min g5min
g5min to target RASS to target RASS

Prepared by: Brian Hairston, PharmD, MBA

Reviewed by: Emily Johnston, PharmD, BCCCP & Melanie Rae Schrack, PharmD, BCIDP
Approved at P&T

References
Arena F, et al. Ceftolozane-tazobactam pharmacokinetics during extracorporeal membrane oxygenation in a lung transplant recipient. Antimicrob Agents Chemother. 2019.

=

2
3.
4

Browder K, et al. Opioid and sedative requirements in extracorporeal membrane oxygenation patients on hydromorphone versus Fentanyl. Artif Organs. 2021.

Cabanilla MG and Villalobos N. A successful daptomycin and micafungin dosing strategy in veno-venous ECMO and continuous renal replacement. J Clin Pharm Ther. 2021
Cheng V, et al. Optimising drug dosing in patients receiving extracorporeal membrane oxygenation. JTD. 2018.




Cheng V, et al. Population pharmacokinetics and dosing simulations of ceftriaxone in critically ill patients receiving extracorporeal membrane oxygenation (an ASAP ECMO study). Clin
Pharmacokinet. 2022.

Cheng V, et al. Population pharmacokinetics of cefepime in critically ill patients receiving extracorporeal membrane oxygenation (an ASAP ECMO study). Int J Antimicrob Agents. 2021.

Cheng V, et al. Population pharmacokinetics of ciprofloxacin in critically ill patients receiving extracorporeal membrane oxygenation (an ASAP ECMO study). ACCPM. 2022.

Cheng V, et al. Population pharmacokinetics of piperacillin and tazobactam in critically ill patients receiving extracorporeal membrane oxygenation: An ASAP ECMO study. Antimicrob Agents
Chemother. 2021.

Cheng V, et al. Population pharmacokinetics of vancomycin in critically ill adult patients receiving extracorporeal membrane oxygenation (an ASAP ECMO study). Antimicrob Agents Chemother.
2022.

Cies JJ, et al. Oxygenator impact on ceftaroline in extracorporeal membrane oxygenation circuits. J Pediatr Crit. CARE. 2018.

De Rosa FG, et al. Pharmacokinetics of linezolid during extracorporeal membrane oxygenation. Int J Antimicrob Agents. 2013.

Dzenefa A, et al. Ciprofloxacin in patients undergoing extracorporeal membrane oxygenation (ECMO): a population pharmacokinetic study. Pharmaceutics. 2022.

Dzierba AL, et al. Ventilatory and pharmacotherapeutic strategies for management of adult patients on Extracorporeal Life Support. Pharmacotherapy. 2019.

Dzierba AL, et al. Optimizing pharmacotherapy regimens in adult patients receiving extracorporeal membrane oxygenation: A narrative review for Clinical Pharmacists. JACCP. 2023.

Lam E, et al. Pharmacokinetics of ketamine at dissociative doses in an adult patient with refractory status asthmaticus receiving extracorporeal membrane oxygentation therapy. Clin Ther. 2019
Lyster H, et al. Antifungal dosing in critically ill patients on extracorporeal membrane oxygenation. Clin Pharmacokinet. 2023.

Maybauer MO, et al. Perspectives on adjunctive use of ketamine for analgosedation during extracorporeal membrane oxygenation. Expert Opin Drug Metab Toxicol. 2019.

Novy E, et al. Population pharmacokinetics of fluconazole in critically ill patients receiving extracorporeal membrane oxygenation and continuous renal replacement therapy: An ASAP ECMO
study. Antimicrob Agents Chemother. 2024.

Panchabhai TS, et al. Extracorporeal membrane oxygenation and toilet bronchoscopy as a bridge to pneumonectomy in severe community-acquired methicillin-resistant Staphylococcus aureus
pneumonia. Ann Thorac Med. 2015.

Patel JS, et al. A narrative review of the impact of extracorporeal membrane oxygenation on the pharmacokinetics and pharmacodynamics of critical care therapies. Ann Pharmacother. 2022.
Patel M, et al. Sedation requirements in patients on venovenous or venoarterial extracorporeal membrane oxygenation. Ann Pharmacother. 2019

Peitz GJ, et al. The influence of extracorporeal membrane oxygenation on antibiotic pharmacokinetics. Antibiotics. 2023.

Riera J, et al. Pharmacokinetics of cefiderocol during extracorporeal membrane oxygenation: A case report. Perfusion. 2023.

Shekar K, et al. The combined effects of extracorporeal membrane oxygenation and renal replacement therapy on meropenem pharmacokinetics: A matched cohort study. J Crit Care. 2014.
Ververk BS, et al. Opioid and benzodiazepine requirements in obese adult patients receiving extracorporeal membrane oxygenation. Ann Pharmacother. 2020.



