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ABSTRACT

therapeutic failure, particularly for highly lipophilic agents like voriconazole and fentanyl, which exhibit circuit
of administration. Conversely, hydrophilic antibiotics such as beta-lactams and glycopeptides are prj

therapeutic levels. Regarding anticoagulation, evidence supports the superiority of anti-Xa (tar
activated clotting time (ACT) for minimizing hemorrhagic risks. Current dosing guidelines re
individualized strategies involving aggressive therapeutic drug monitoring (TDM) and multimodal
and safety in this high-risk population.
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INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) is a critical life-savi

diorespiratory support [3] (fig. 1).
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while P i cts as a secondary site. Blue indicates deoxygenated venous blood and red indicates oxygenated arterial blood; arrows
show blood flow direction (Source: Created by the authors).

However, the circuit’s large surface area and biomaterial interactions profoundly affect drug pharmacokinetics (PK) and pharmacodynamics (PD).
This complicates dosing strategies for critical medications, including antibacterials, antifungals, anticoagulants, and antivirals. The Extracorporeal
Life Support Organization (ELSO) registry reported supporting over 176, 000 ECMO cases globally by the end of 2022, making a significant
milestone of 100, 000 survivors, with a high proportion of cases complicated by subsequent infections [4]. Adult ECMO use has grown, with median
annual runs per centre rising from 4 to 15 between 2009 and 2022 [5]. Additionally, the application of ECMO has expanded to include
extracorporeal cardiopulmonary resuscitation (ECPR), which demonstrates a significant survival benefit over conventional cardiopulmonary
resuscitation (CPR) in select cardiac arrest patients [6]. During the COVID-19 pandemic, ECMO use for severe ARDS increased, with 38% mortality
in 1, 035 patients across 213 centres in 2020 [7].
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Regional trends highlight disparities: North America, led by the United States, accounts for 60% of global ECMO publications. Europe, particularly
France and Germany, contributes significantly to research, while the Asia-Pacific region, notably China and Japan, shows a 216% increase in centers
from 2010 to 2021 [8, 9]. Conversely, the South West Asia and Africa (SWAAC) chapter continues to face access limitations due to infrastructure and
supply chain disruptions [10].

Drug sequestration refers to the adsorption or absorption of medications onto ECMO circuit components, reducing their bioavailability in plasma
[11]. Lipophilic drugs (e. g., voriconazole, linezolid, fentanyl) and highly protein-bound drugs (e. g., posaconazole, ceftriaxone) are particularly
prone to sequestration. This is due to their affinity for hydrophobic circuit materials like polyvinyl chloride (PVC) tubing and polymethylpentene
oxygenators [8, 9]. Sequestration is caused by the large surface area of the circuit (1-2 m?), biomaterial interactions, and coating properties (e. g.,
heparin or albumin) that variably bind drugs [12]. For instance, ex vivo studies show 71% of voriconazole and 66% of fentanyl are lost within hours
of circuit exposure [9]. The effects of sequestration include subtherapeutic plasma concentrations, potentially leading to treatment failure, or
delayed release from binding sites, risking toxicity [8, 11].

ECMO alters PK through increased volume of distribution (Vd), reduced clearance, and drug sequestration [11]. Ex vivo studies repast significant
drug loss, with heparin-coated circuits reducing adsorption of hydrophilic drugs (e. g, vancomycin) but not lipophilic ones [12].
complicates dosing, as drugs with>98% binding (e. g., posaconazole) are sequestered until saturation, risking subtherapeutic lev or toxicity
later [11]. Renal replacement therapy (RRT), used in ~50% of ECMO patients, enhances clearance of hydrophilic drugs
necessitating dose adjustments [13]. Drug clearance is further altered by ECMO-related organ dysfunction and circuit flow z

by assay availability and protocol standardization [5]. Standardized TDM protocols could improve dosing prg e infrastructure
investment. Immune dysregulation in ECMO patients, driven by systemic inflammation, may reduce drug effida i or antimicrobials
targeting minimum inhibitory concentrations (MIC). Beta-lactam antibiotics (e. g, meropenem) req ¢
like linezolid face sequestration [8]. Antifungals such as voriconazole exhibit significant circ ating” TDM-guided dosing [9].
Anticoagulants, primarily heparin, require viscoelastic monitoring due to circuit-induced coagulo y [6]. ivi ike oseltamivir show stable
PK but need renal function monitoring [15].

ECMO provides mechanical support but depends on pharmacological therapy to addre
such as anticoagulants, primarily heparin with varying doses, are used, though alternative
Antifungals, such as azoles, often require higher doses or therapeutic drug monitoring d

oseltamivir, follow non-ECMO dosing regimens but need renal function adjustments [15]. gntly, strict adherence to standard dosing without
event monitoring [16]. required to ensure patient
safety.

Optimized drug therapy is vital for successful outcomes in ECMO patie
evidence from case series and observational studies, with no specific gui es dosing. This review summarizes recent clinical evidence
ffering evidence-based recommendations. Heterogeneous data

preclude generalized dosing; thus, each drug requires individuallevaluation, h summary statements provided. “Standard dosing” denotes

inder robust dosing guidelines for ECMO patients. Variability in circuit
inconsistencies. Regional disparities in ECMO access limit generalizable data,
eal-time PK/PD monitoring systems remain underexplored, necessitating

Research Gaps: Limited randomized controlled trials and s
designs and lack of standardized TDM protocols exacerba

MATERIALS AND METHODS

This review synthesized evidence on drug ges in adult ECMO patients, focusing on antibacterials, antifungals, anticoagulants, and
antivirals from 2015 to 2025. A systemaa i re search was conducted using PubMed and Google Scholar, with terms including “ECMO, ”
“pharmacokinetics, ” “pharmacodyng A ” “anticoagulants, ” and specific drug names (e. g., “voriconazole, ” “heparin”). Studies

were included if they reported PK
observational studies, case seri vivgiexperiments. Paediatric studies were excluded due to differences in volume of distribution, as were
non-English studies.

Three reviewers independen reened titles and abstracts, with full-text review for eligible studies. Data were extracted on study design, patient
characteristics, ECM ven s or venoarterial), drug class, PK/PD parameters, and dosing recommendations. Discrepancies were resolved
through discussi s on dosing recommendations was reached by reviewing extracted data and discussing clinical applicability,
prioritizi i ata or comparator arms. The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
fram ify evidence quality, ranging from high (randomized trials) to very low (case reports). Limitations, such as small sample
controls, were noted to guide future research.

The GRADE work classifies literature strength for ECMO studies as follows: High quality stems from randomized controlled trials, which are
rare in ECMO literature. Moderate quality includes observational studies with non-ECMO controls, such as piperacillin-tazobactam pharmacokinetic
studies [8]. Low quality encompasses case series or ex vivo studies, like those on voriconazole adsorption [9]. Very low quality consists of expert
opinions or anecdotal reports. Most ECMO pharmacokinetic and pharmacodynamic studies are of low to moderate quality due to small cohorts,
heterogeneous circuits, and limited controls, highlighting the need for more robust trials.

Anticoagulants

Antithrombotic management during mechanical circulatory support remains a major clinical challenge [17]. Effective anticoagulation is critical in
ECMO to prevent thromboembolic complications. These complications arise when blood contacts artificial circuit surfaces, promoting coagulation
activation and platelet dysfunction [18-27, 28]. This prothrombotic environment necessitates a delicate balance between preventing thrombosis
and avoiding bleeding, as highlighted by Vajter et al [21]. Traditional monitoring tools, such as activated partial thromboplastin time (aPTT) and
activated clotting time (ACT), are increasingly supplemented or replaced by more precise methods. These include anti-Xa assays and viscoelastic



T. Jha & D. Shinde
Int ] Pharm Pharm Sci, Vol 18, Issue 5, 7?-7?

assays (VEA) like thromboelastography (TEG) and rotational thromboelastometry (ROTEM), which provide real-time assessments of clot dynamics
[18-27] (table 1).

Table 1: Laboratory levels during anticoagulation with UFH for ECMO Anticoagulation VEA: viscoelastic assays, ISTH: international society
on thrombosis and hemostasis, ELSO: extracorporeal life support organisation, EACTS: European association for cardiac-thoracic surgery,
ISHLT: international society for heart and lung transplantation, SCA: society of cardiovascular anesthesiologists, STS society of thoracic
surgeons, AATS: American association of thoracic surgery, ROTEM/TEG: rotational thromboelastometry/thromboelastography, N/A: not

available

Parameters ISTH [18] ELSO [18, 22] EACTS/ELSO/ AATS [18] ISHLT [18] SCA [22]

STS/AATS [18]
ACT 180-220's 180-220's 160-220's 180-220's 180-220's 180-220's
aPTT (seconds) 50-70 60-90 50-80 N/A 50-70 0
Anti-Xa activity 0.3-0.51U/ml  0.3-0.7 IU/ml N/A 0.3-0.7 IU/ml 0.3-0.7 IU/ml 0.3%0.7 IU/ml
aPTT ratio 2-2.5 1.5-2.5 - - -
VEA (ROTEM/TEG) N/A Monitor clot TEG-guided N/A Concurrent TEG a

stability algorithm should be aPTT may cause

considered anticoagulati

AT III Monitoring Monitor and More evidence ~ Monitor to detect N/A Monitoring /A

supplementif  needed

thrombosis

heparin resistance

reduce hemorrhagic risks associated with long-term therapy and minimize complications li

articularly valuable in complex
warrants careful interpretation

phasize individualized anticoagulation strategies to
oke [22, 29]. While precise monitoring is essential,

clinicians must also account for physiological changes. ECMO-induced shear stress im
aggregation effect. This supports the use of lower-dose anticoagulation in scenarios suc

its use alongside anti-Xa or aPTT is advised. Emerging trends favour lower ini nfractionated heparin (UFH), low molecular weight

heparin (LMWH), or direct thrombin inhibitors (DTIs). Furthermore, i
personalize and optimize anticoagulation therapy [18-27]. Notably, L
though some loss of activity still occurs, necessitating anti-Xa monitori

Antimicrobials

Antifungal, antibacterials, and antiviral therapy during ECMO
pharmacodynamics stemming from drug sequestration ip
prevalence of antimicrobial resistance further complicaté
Detailed recommendations, monitoring parameters, a C

igh

e learning and advanced hemostasis monitoring helps
in show lower circuit sequestration compared to UFH,

complex due to profound alterations in pharmacokinetics and
cl omponents and physiological changes of critical illness. The rising
therapy, underscoring the need for precise dosing and stewardship [30].
considerations for these drugs are summarized in (table 2).

ticoagulants, antifungals, antibacterials, antivirals

Anticoagulants

Drugs

Enoxaparin

Ar an Circuit adsorption, lhepatic

learance — Tlevels

UFH Adsorption to circuit, TVd,

(unfractionated variable responsiveness

heparin)

Antifungals

Anidulafungin Low lipophilicity mitigates
circuit adsorption despite
high protein binding.

Micafungin Some circuit adsorption;

possible | exposure (noted
especially in neonates)

Caspofungin Circuit loss reported; reduced

onitor-ing Usual dose ECMO dose References
aPTT, anti-Xa A bolus dose of [V 0.5 Initial: IV bolus: 0.5 mg/kg [19-26]
mg/kg before ECMO f/b Continuous infusion
cannulation f/b (anti-Xa 0.4-0.6 IU. ml)
continuous SC: Prophylactic: 0.5 mg/kg
administration, with anti-  SC q12h Therapeutic: 1
Xa target levels of 0.4-0.6  mg/kg SC q12h
1U/ml Maintenance: Adjust based
on anti-Xa levels (goal: 0.6-
1.0 IU/ml for BID dosing)
Anti-Xa 5-10 ug/kg/hour, with a Initial: 0.1-0.2 mcg/kg/min  [20]
target aPTT range of 45- (lower than non-ECMO)
60 seconds. Maintenance: Titrate to
aPTT goal 1.5-3x baseline
(max: 100 seconds)
aPTT, ACT 10-20 IU/kg/hour or Initial: 10-20 [18, 26, 31]
8000-12, 000 IU/day units/kg/hour based on
based on patient weight. patient weight.
No routine TDM Loading: 200 mg f/b 100 200 mg IV loading — 100 [32]
mg Every 24 hourly mg IV daily (standard
dosing)
Not routinely 150 mg Every 24 Hourly Consider increased dose (e.  [33]
required g., 150 mg/day in adults)
Not routinely Loading: 75 mgf/b 50 mg  Consider higher loading [34-36]
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Fluconazole

Itraconazole

Voriconazole

Posaconazole

Isavuconazole

levels especially in VV-ECMO

Low protein binding and
hydrophilicity avert circuit
sequestration.

High lipophilicity and protein
binding — significant ECMO
loss

Lipophilic+protein-bound —
significant circuit adsorption
and variability

High lipophilicity — circuit
sequestration; delayed steady
state

Lipophilic and protein-bound
- likely ECMO loss (limited
data)

required

Optional TDM in
severe infection;
trough>12 mg/1
TDM essential;
trough>0.5-1
mg/1

TDM mandatory;
trough 1-5.5

mg/1

TDM essential;
trough>1.0-1.25

mg/1

TDM
recommended;
target 2-4 mg/1

Every 24 Hourly

Loading: 800 mg f/b 400
mg Every 24 Hourly

Loading: 200 mg Every
12 Hourly for 4 doses;
Maintenance: 200 mg
Every 24 Hourly
Loading: 6 mg/kg Every
12 Hourly for 2 doses;
Maintenance: 4 mg/kg
Every 12 Hourly
Loading: 300 mg Every
12 Hourly for 2 doses;
Maintenance: 300 mg
Every 24 Hourly
Loading: 372 mg Every 8
Hourly for 6 doses f/b
372 mg Every 24 Hourly

(100 mg) and maintenance
(70 mg/day)[34]

No dose adjustment; use [37, 38]
400-800 mg/day IV

Use IV or oral solution; [37,38]
dose per TDM

6mg/kgql2hx2 -4 [39-45]

mg/kg q12 h IV; adjust per
TDM

Use IV or DR tablets; adjust 6]
dose with TDM

[47-49]

Amphotericin B Moderate-to-high loss due to No TDM; monitor  3-5 mg/kg/day [49, 50]
(liposomal) lipophilicity and protein renal/electrolyte
binding S
Amphotericin B Hydrophilic nature prevents No routine TDM 0.5-1.5 mg/kg/day
(deoxycholate) significant binding to
hydrophobic circuit
components.
Antibacterials
Amikacin Hydrophilicity prevents Peak/trough 15 mg/kg/day Standard extended-interval  [51]
circuit adsorption; primarily levels (peak 20- dosing; TDM essential —
affected by TVd. 30 mg/l; check levels and adjust
trough<1 mg/1 interval
gent)
Amoxicillin Low lipophilicity averts Renal function; 1.2 6-8Hourly Standard weight-based [52, 53]
clavulanate circuit adsorption; primarily TDM if available dosing; use extended
affected by TVd. infusions when feasible
Ampicillin Hydrophilicity prevents Renal function; 0 mg qbhr Standard weight-based [52, 53]
circuit adsorption; critical consider - Y g q4-6hr or dosing; use extended
illness-induced TVd reduces lactam TDM if 504250 mg/kg/day infusions when feasible
peak concentrations. ge igided q4-6hr
Azithromycin Extensive tissue distribution 500 mg Every 24 Hourly Standard dosing (500 mgIV  [51, 54]
limits free drug availability daily); no ECMO
for circuit adsorption. adjustment
Aztreonam Low lipophilicity avoids 2 gm Every 6-8 Hourly Use standard dosing; [52, 53]
circuit extraction; howe: consider extended infusion
TVd necessitates adequ (e. g, 2 gover 3-4 h) for
dosing. severe infections
Cefazolin Low lipophilicityand 16 enal function; 1-2 gm Every 6-8 Hourly Maintain usual dosing as [55]
TDM in unstable extended infusion; consider
patients higher end of interval if
clinical response
suboptimal
Cefepime Renal function; 1-2 gm Every 8-12 Maintain usual dosing as [53,56]
TDM in unstable Hourly extended infusion; consider
patients higher end of interval if
clinical response
suboptimal
Ce ime oderate protein binding Renal function; 2 gm Every 8 Hourly Maintain usual dosing as [57]
mits circuit adsorption; TDM in unstable extended infusion; consider
rimarily affected by TVd. patients higher end of interval if
clinical response
suboptimal
Ceftriaxone Moderate protein binding — Renal function; 2 gm Loading f/b 1 gm Maintain usual dosing as [53, 56]
variable sequestration TDM in unstable Every 12 hourly or 2 gm extended infusion; consider
potential; TVd patients Every 24 Hourly. higher end of interval if
Meningitis: 2 gm Every clinical response
12 hourly suboptimal
Ceftaroline Moderate protein binding Renal function; 600 mg Every 12 Hourly Maintain usual dosing as [58]
limits circuit adsorption; TDM in unstable extended infusion; consider
primarily affected by TVd. patients higher end of interval if
clinical response
suboptimal
Ciprofloxacin Low protein binding avoids Renal function 200-400 mg Every 8-12 Standard dosing; no ECMO-  [51, 54]




T. Jha & D. Shinde

Int ] Pharm Pharm Sci, Vol 18, Issue 5, 7?-7?

Cloxacillin

Colistin

Daptomycin

Doxycycline

Ertapenem

Flucloxacillin

Fosfomycin

Gentamicin

Imipenem/cilast
atin

Levofloxacin

Linezolid

Meropenem

Metronidazole

Oxacillin

Pe in G

Piperacillin
Tazobactam

Polymyxin B

Tigecycline

circuit sequestration;
primarily affected by TVd.
High protein
binding/lipophilicity —
potential circuit
sequestration

High protein
binding/lipophilicity —
significant circuit loss
High protein
binding/lipophilicity —
significant sequestration

Lipophilic = potential for
circuit adsorption; however,
clinical data suggests stability
Hydrophilicity avoids circuit
adsorption; primarily
affected by TVd.

High protein
binding/lipophilicity —
potential circuit
sequestration

Hydrophilicity and negligible
protein binding prevent
circuit adsorption.
Hydrophilicity avoids circuit
adsorption; primarily
affected by TVd.

Hydrophilicity prevents
circuit extraction; primarily
affected by TVd.

Hydrophilicity and low
protein binding prevent
circuit adsorption; primarily
affected by TVd.

Moderate lipophilicity results
in negligible circuit
adsorption over time.

Hydrophilicity preyen
circuit extraction
affected by TVd.

oderate protein binding
llows partial sequestration,
hough TVd is the primary
kinetic driver.

Hydrophilicity prevents
circuit extraction; PK driven
by TVd and critical illness-
induced augmented renal
clearance.

High protein
binding/lipophilicity —
significant circuit loss
Extensive tissue distribution
outcompetes potential circuit
adsorption.

Hourly

Liver and renal
function; no
routine TDM

1-2 gm Every 6 hourly

Colistin plasma 5 mg/kg stat f/b 3-5

levels (if mg/kg Every 12 hourly
available); renal

CPK levels; 6-10 mg/kg Every 24
consider trough Hourly

monitoring

Clinical response 200 mg Every 12-24

(no routine TDM)  Hourly on Day 1 f/b 100
mg Every 12 hourly
Renal function; 1 gm every 24 Hourly

meropenem TDM
if available

Liver and renal
function; no
routine TDM

1-2 gm Every 4-6 Hourly

Renal function 12-24 gm/day divided to

Every 6-8 Hougly.

Peak/trough Loading: 2 mg/kg 7-
levels (peak 20- 2 mg/kg Every

30 mg/l;

trough<1 mg/1

gent)

Renal function; 500 m

meropenem TDM E rly

if available

Renal functio 500- g Every 24
Howurly

600 mg Every 12 hourly

(targét>2 mg/1)

Renal function; Loading: 2gm f/b 1 gm

eropenem TDM  Every 8 Hourly
if available Meningitis: 2 gm Every 8
hourly

Liver function 500 mg Every 6-8 Hourly

Liver and renal
function; no
routine TDM

2 gm Every 4 Hourly

Renal function;
consider -
lactam TDM if
available (free
concentration)
Renal function;
consider f3-
lactam TDM if
available (free
concentration)
Colistin plasma
levels (if
available); renal
Clinical response
(no routine TDM)

6-1.3 mlIU Every 24
Hourly

4.5 gm Every 6-8 Hourly

Loading: 2.5 mg/kg stat;
Maintenance: 1.5 mg/kg
Every 12 Hourly
Loading: 100 mg f/b 50
mg Every 12 Hourly.

6 Hourly or

specific adjustment

May require higher end of
usual range; maintain
frequent dosing interval

[59, 60]

Loading dose; consider
higher end of dosing and
close renal monitoring
May require Tdose (e. g, 8-
10 mg/kg q48h); monitor
CPK and adjust dosing
interval based on clearance
and circuit time

Consider unchanged dosin [62]
but monitor efficacy

[51]

[33, 61]

Standard dosing; egsure [52,38]

[59, 60]

[51]

Standard extended-interval
dosing; TDM essential —
check levels and adjust
interval

[51]

Standard dosing; ensure
adequate loading, consider
continuous infusion for
severe infections

Standard dosing; no ECMO-
specific adjustment

[63]

[51, 54]

No dose adjustment needed
in ECMO; consider TDM in
prolonged therapy or non-
responders

[54, 64]

Standard dosing; ensure
adequate loading, consider
continuous infusion for
severe infections

Standard dosing (500 mg
q8h IV); no ECMO
adjustment

May require higher end of
usual range; maintain
frequent dosing interval

[65]

[39, 51]

[59, 60]

Standard dosing via
prolonged/continuous
infusion; ensure adequate
loading dose

[53]

Standard dosing via
prolonged/continuous
infusion; ensure adequate
loading dose

[66-69]

Loading dose; consider
higher end of dosing and
close renal monitoring
Tigecycline standard (100
mg loading —» 50 mg q12h);
consider unchanged dosing

[51]

[70]
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but monitor efficacy

Teicoplanin Moderate protein binding — TDM Loading: 400 mg Every May need higher loading [71]
variable circuit loss; TVd recommended; 12 Hourly for First three doses and TDM-guided
target doses f/b 400 mg every maintenance to overcome
trough>10-30 24 Hourly sequestration
mg/l depending
on infection
severity
Trimethoprim- Moderate protein binding - Renal function; 10-15 mg/kg of Standard dosing (TMP 15- [51]
Sulfamethoxazol  potential sequestration; TVd serum levels if Trimethoprim 20 mg/kg/day divided q6-
e (TMP-SMX) available Component in 3-4 8h); monitor renal/heme
Divided doses parameters
Meningitis/Sepsis/PCP:
15-20 mg/kg/day
Tobramycin Hydrophilicity prevents Peak/trough Loading: 2 mg/kg stat; Standard dosing to start, [54]
circuit adsorption; primarily levels (peak 20- Maintenance: 1.7-2 adjust based on TDM (m:
affected by TVd. 30 mg/l; mg/kg Every 8 Hourly require T dose or T i al
trough<1 mg/1 due to ECMO/rena
gent)
Vancomycin Trough/MIC- 30-45 mg/kg/day in 2-3 Standard weight-b [71575]
Hydrophilicity avoids circuit based TDM (15- divided doses o
adsorption; PK driven by 20 mg/1 target)
increased Vd and altered
clearance.
Antivirals
Nucleoside/Nucl  Acyclovir/Ganciclovir: Renal function Acyclovir: 5-10ang/kg [45, 46]
eotide Hydrophilicity prevents (especially for q8h, Ganciclovi g/kg ut dose adjust in
Analogues(e. g., circuit extraction; primarily acyclovir/gancicl  q12h, Remdesivi, renal impairment; no
acyclovir, affected by TVd. Remdesivir: ovir); LFTs for mg loading - robust ECMO data, monitor
ganciclovir, Lipophilic — potential circuit ~ remdesivir mg/day clinical response.
remdesivir) sequestration and TVd.
Protease High lipophilicity and protein  LFTs, drug-drug Lopin avir: Use standard dose; TDM if [57, 62, 65]
Inhibitors (e. g., binding (>98%) — significant  interactions; 400/1 PO /NG BID available; monitor clinical
lopinavir/ritona  circuit sequestration and loss ~ TDM if available response closely.
vir) of drug.
Neuraminidase -Oseltamivir: oral = not Renal function Os ivir: 75 mg PO Standard dosing [15]
Inhibitors (e. g, affected by ECMO circuit, but BID, ivir: 600 mg appropriate; adjust
oseltamivir, absorption may vary- IV BID oseltamivir in renal
zanamivir) Zanamivir (IV): impairment Consider [V
Hydrophilicity averts circuit form if enteral absorption
adsorption. is uncertain.
Monoclonal Large molecular size Bamlanivimab: 700 mgIV ~ No ECMO-specific dose [46]
Antibodies (e. g,  precludes sequestration into once, Tocilizumab: 8 adjustment needed;
bamlanivimab, oxygenator micropores. Lon mg/kg (max 800 mg) IV monitor clinical/lab
casirivimab/imd half-life; not significantl once response rather than serum
evimab, affected. drug levels.
tocilizumab for
COVID-19)

aPTT: activated partial thromb i-Xa activity: anti-factor Xa activity, AATS: American association for thoracic surgery, ACT: activated

§C: subcutaneous, VV: venovenous, IV: intravenous, DR: delayed release, Vd: volume of distribution,

eased volume of distribution (Vd), reduced plasma concentrations, and delayed clearance [12, 76, 77]. Factors such as fluid
mia, organ dysfunction, and renal replacement therapy (RRT) exacerbate the risk of underexposure [51, 78-80]. Meanwhile,
therapeutic onitoring (TDM) remains underutilized due to limited access and undefined PK/PD targets. [37, 81]. Echinocandins (e. g,
anidulafungin, caspofungin, micafungin) exhibit variable sequestration and inter-patient PK variability, necessitating individualized dosing. [34, 38,
54, 82]. Azoles vary widely—fluconazole is hydrophilic and minimally affected by ECMO, whereas voriconazole and posaconazole are highly
lipophilic and protein-bound, often requiring TDM to address circuit-related losses [38-40]. Liposomal amphotericin B may also be sequestered or
contribute to circuit issues, though data on deoxycholate formulations are limited [49, 50].

Antibacterials

Beta-lactams (penicillins, cephalosporins, carbapenems) are variably sequestered depending on their physicochemical properties. Additionally,
their PK is significantly altered by critical illness and RRT, which necessitates TDM and tailored dosing [37, 39-46, 51, 54, 60, 78-80]. Anti-
staphylococcal penicillins like oxacillin may require high-end dosing due to hypoalbuminemia and circuit loss [59, 60]. Daptomycin and
tetracyclines generally maintain stable PK with standard dosing sufficient [33, 55, 57, 58, 62, 70, 83]. Glycopeptides (vancomycin, teicoplanin) show
increased Vd and altered clearance, requiring TDM and tailored dosing [71]. Conversely, linezolid experiences limited ECMO impact but may still
require TDM during severe illness [54, 64]. Fluoroquinolones, azithromycin, and metronidazole are typically unaffected by ECMO. However, illness-
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induced Vd increases may still reduce their plasma concentrations [39, 51, 54]. Aminoglycosides and polymyxins are hydrophilic and have minimal
interaction with the ECMO circuit. Nevertheless, their PK is heavily influenced by renal clearance, making TDM essential. Sulfamethoxazole-
trimethoprim and fosfomycin also appear ECMO-stable but are backed by limited data [51].

Antivirals

Antiviral agents vary in their susceptibility to ECMO. Hydrophilic agents (e. g., acyclovir) have minimal sequestration, whereas lipophilic drugs (e. g.,
remdesivir) require close monitoring and dose adjustment [45, 46]. Protease inhibitors (e. g., lopinavir/ritonavir) are highly lipophilic and protein-
bound. This makes them prone to significant circuit loss and metabolic variability, necessitating TDM [57, 62, 65]. Neuraminidase inhibitors like
oseltamivir are generally stable in ECMO circuits due to hydrophilicity, though ECMO-specific data are sparse. Monoclonal antibodies (e. g,
sotrovimab, casirivimab/imdevimab) are unlikely to be affected by ECMO due to their large molecular size and long half-lives. They typically do not
require dose modification, though timely administration remains essential [46].

DISCUSSION

definitions, and diverse ECMO systems. Comparative studies between ECMO and non-ECMO cohorts could clarify a key iss
determine whether PK alterations stem primarily from the circuit itself or from critical illness physiology. Furthermore
the interplay between ECMO and continuous renal replacement therapy (CRRT). The impact of novel circuit designs 4
TDM assays are also urgently needed to optimize efficacy and minimize toxicity.

Managing pharmacotherapy in ECMO patients presents a formidable challenge. It requires navigati
factors, circuit dynamics, and drug-specific PK/PD alterations [12, 76]. The ECMO circuit can
lipophilicity and protein binding. This leads to an increased Vd, reduced clearance, and highly va
effects are compounded by critical illness factors like fluid overload, hypoalbuminemia, and organ

viscoelastic assays. This is necessary to navigate circuit-induced drug losses and patient
face similar challenges from circuit sequestration. Lipophilic agents, like voricona;
levels [37, 39, 77]. Echinocandins often require dose escalation (e. g., anid
fluconazole’s hydrophilic nature allows for standard dosing [48, 52, 55]. Antl
lactams generally require aggressive dose escalation or extended infusi
In contrast, drugs like daptomycin, fluoroquinolones, and polymyxins
routine renal adjustments [33, 62, 75]. Agents like metronidazole
dosing [51, 73].

g daily) to overcome circuit losses. Meanwhile,
h1b1t dlverse PK profiles during ECMO [12, 51]. Beta-
he increased Vd rather than just sequestration [63, 66].
ected by the circuits, allowing standard regimens with
lack ECMO-specific data, so clinicians must rely on standard

Antivirals remain underexplored. The lack of robust ECMO-specific
37]. Lipophilic antivirals (e. g, remdesivir) may require dosefé

monoclonal antibodies likely maintain standard dosing. Cri
63, 65]. Therapeutic drug monitoring (TDM) is pivot:
sequestration risks (e. g., voriconazole, meropenem

necessitates extrapolating from antibacterial and antifungal principles [12,
io M due to potential sequestration. Conversely, hydrophilic agents and
es universally increases Vd and complicates dosing across antiviral classes [61—

se reports, and small cohorts. This scarcity highlights a critical need for large-scale
d evaluate patient-centered outcomes, such as infection resolution and survival. Future
cols, circuit-specific drug interaction studies, and the impact of RRT integration [37, 51]. Until

prospective trials to establish evidence-base
research must prioritize standardized B

CONCLUSION

Anticoagulant and antimicr | mandgement in ECMO patients is highly complex due to interactions between the patient, circuit, and drug
Ite acokinetics/pharmacodynamics (PK/PD), and ECMO circuits can sequester drugs, especially beta-lactams
illin-tazobactam, which require high doses and TDM. Other antibiotics, including daptomycin, tetracyclines, and
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