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Pharmacological Research Agenda on Adult
Extracorporeal Membrane Oxygenation
Using the Delphi Method: A Position Paper of
the Extracorporeal Membrane Oxygenation
Pharmacology Network

OBJECTIVES: Extracorporeal membrane oxygenation (ECMO) is a critical inter-
vention for patients with severe cardiac or respiratory failure. However, pharma-
cological management for ECMO-supported patients presents unique challenges
due to alterations in drug pharmacokinetics and pharmacodynamics induced by
the ECMO circuit and underlying critical illness. This position paper identifies key
research priorities in ECMO pharmacology using a structured Delphi consensus
process and provides a focused review of current evidence and knowledge gaps
to inform future research and clinical practice.

DATA SOURCES: An international panel of 25 ECMO pharmacology experts
from 13 countries representing the ECMO Pharmacology Network contributed to
this position paper. Literature was reviewed to summarize current evidence and
identify knowledge gaps in ECMO pharmacology.

STUDY SELECTION: The Delphi process involved iterative, anonymous voting
by the expert panel to propose key research priorities. ltems selected were based
on their perceived importance to improving clinical outcomes and advancing phar-
macological management in ECMO-supported patients.

DATA EXTRACTION: Key research priorities were identified, and a detailed liter-
ature review was conducted for each, focusing on pharmacokinetics/pharmaco-
dynamics, related therapeutic challenges, and knowledge gaps. Future research
directions were outlined.

DATA SYNTHESIS: Six critical ECMO pharmacotherapy research priorities were
identified: 1) pharmacokinetics/pharmacodynamics reporting, 2) interactions be-
tween ECMO and renal replacement therapy, 3) antimicrobial dosing, 4) analgesia
and sedation for pain and agitation, 5) sedation and neuromuscular blocking agents
for increased work of breathing, and 6) anticoagulation. The review for the key re-
search priorities highlighted substantial gaps in the existing literature, emphasizing
the need for comprehensive studies addressing these issues to enhance phar-
macotherapy in ECMO patients, improve clinical outcomes, and contribute to the
development of evidence-based guidelines for this complex population.

CONCLUSIONS: ECMO presents unique challenges to drug pharmacoki-
netics and pharmacodynamics, complicating pharmacotherapy in critically ill
patients. Further research addressing identified gaps is essential to develop
evidence-based treatment strategies and enhance patient outcomes.

KEYWORDS: extracorporeal membrane
pharmacodynamics; pharmacokinetics; position paper
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7 N
@\ KEY POINTS

Question: What are the key pharmacological re-
search priorities in adult extracorporeal membrane
oxygenation (ECMO) patients?

Findings: Using a Delphi consensus process
with international experts, six key priorities were
identified: pharmacokinetics/pharmacodynamics
reporting, interactions with renal replacement
therapy, antimicrobial dosing, sedation and anal-
gesia for pain and agitation, sedation and neuro-
muscular blocking agents for increased work of
breathing, and anticoagulation.

Meaning: Addressing these priorities through fo-
cused research will help optimize drug therapy,
improve patient outcomes, and support the de-
velopment of evidence-based guidelines for phar-
macological management in critically ill adults
supported by ECMO.

\_ J

Extracorporeal membrane oxygenation (ECMO)

is a life-saving intervention for cardiac and/

or respiratory failure (1-4). While the use of
ECMO has exponentially increased over the past
decade, it only provides temporary support and does
not address the underlying cause of organ failure (1,
5-8). Patients on ECMO often receive vasopressors
and inotropes for shock management, neuromuscular
blocker agents (NMBAs), sedatives and analgesics for
comfort and tolerance of supportive therapies, antimi-
crobials for infections, and other drugs to manage their
comorbidities (9). Given that these drugs are essential
for addressing the underlying pathologic processes,
interactions between the ECMO circuit and pharma-
cotherapy may hinder the patient’s ability to recover
(7,10, 11).

Pharmacokinetics studies the changes in drug
concentrations over time due to absorption, distri-
bution, metabolism, and excretion, while pharmaco-
dynamics focuses on the magnitude of the response
elicited by drug concentration at the action site (12,
13). In patients supported with ECMO, pharmaco-
kinetics and pharmacodynamics are influenced by
a complex interplay of patient-specific factors such
as critical illness, organ dysfunction and the inflam-
matory response, ECMO circuit characteristics, in-
cluding the type of ECMO support (venovenous vs.
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venoarterial ECMO), circuit surface area and oxy-
genator type, among others, and drug physicochem-
istry such as lipophilicity, protein binding, molecular
weight (Fig. 1) (11, 15-19). Given the dynamic na-
ture of these variables and the lack of high-quality
comparative data, it remains difficult to quantify the
independent impact of each factor for different drugs.
Since 2017, experts identified drug pharmacokinetics,
pharmacodynamics, and innovative pharmacologic
strategies in ECMO-supported patients as one of the
top ten research priorities for the next decade (20).
However, pharmacokinetics data from ex vivo stud-
ies and clinical trials have yielded conflicting results,
with adult clinical studies often constrained by fac-
tors such as limited sampling, single-center analysis,
and a scarcity of comprehensive clinical pharmaco-
kinetics/pharmacodynamics studies (13, 16, 17, 21).
Considering the large number of drugs used in clin-
ical practice, many questions about proper dosing
in adult patients supported with ECMO remain un-
answered (10, 11, 22). The primary purpose of this
position paper is to reach a consensus on research
priorities in ECMO pharmacology based on the ex-
pert opinions of physicians, academics, ECMO spe-
cialists, pharmacists, and allied healthcare workers
using a Delphi process and provide a focused liter-
ature review of current knowledge and existing gaps
for each priority.

METHODS

Panel Members Selection

An organizing committee (D.M.C., K.S., A.L.D.) con-
venedapanel ofinternational expertsunder theauspices
of the ECMO Pharmacology Network. ECMOPharmn
Net (ecmopharmnet.org) is a nonprofit international
collaboration dedicated to advancing ECMO phar-
macology knowledge globally. Panel members were
selected based on their expertise in ECMO pharma-
cology, which was demonstrated through their publi-
cation records, experience in guidelines development,
and recognition as international experts. To ensure di-
versity and overcome disparities in the generation of
medical research, the selection process considered sex,
profession, and geography. Although the expert panel
primarily included ECMO pharmacology researchers,
most were also practicing critical care clinicians. Their
clinical uncertainties observed at the bedside shaped
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Figure 1. Multifactorial determinants of pharmacokinetics and pharmacodynamics in extracorporeal membrane oxygenation (ECMO)-
supported patients (14). IVC = inferior vena cava, SVC = superior vena cava, V-A = venoarterial, V-V = venovenous, V-PA = veno-

pulmonary artery.

the formulation of relevant research priorities shaped
the formulation of relevant research priorities.

Delphi Process

A Delphi process was conducted to reach consensus on
research priorities in ECMO pharmacology, with the
results reported in accordance with the Conducting and
Reporting Delphi Studies guidelines (Supplemental
Table 1, https://links.lww.com/CCM/H772) (23, 24).
Each panel member was asked to submit research-
related items that could advance the understanding
of ECMO pharmacology. The organizing commit-
tee reviewed and consolidated the responses, merg-
ing similar topics and categorizing them into a list.
Surveys were then built on the Google Forms platform
and distributed via email. The iterative voting process
was conducted anonymously to ensure confidentiality.

In the first round, the panel members voted on the
extended list of research priorities using a multiple-
choice question format. The priorities were selected
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for the second round based on a voting threshold of
over 40%. Subsequently, the experts were divided into
working groups to create narrative reviews for these
second-round priorities, drawing on systematic analy-
ses of the medical literature, national and international
guidelines, and expert opinions. During this round,
the panel members refined the priorities, made nec-
essary semantic adjustments, and combined certain
statements based on the group’s feedback, thereby nar-
rowing the priorities lists. In the third round, the nar-
rowed list of priorities was subjected to further voting
for consensus using a 7-point Likert-scale. The voting
process concluded with the fourth round to confirm
the stability and robustness of the consensus.

Consensus, Robustness, and Stability

Consensus for the research priorities was defined as
over 70% of panel agreement (scores 5-7). Median (in-
terquartile range) was used to express the responses’
central tendency and dispersion, with robustness

November 2025 ¢ Volume 53 * Number 11
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Figure 2. Flowchart of the Delphi process.

measured by a median of greater than or equal to 6
(for agreement) in the Likert-scale questions. Stability
was assessed to identify the need for further iterations.
Using Kruskal-Wallis tests the responses of two con-
secutive rounds was performed for each Liker-scale
question, with stability defined as p value of greater
than or equal to 0.05 (25).

Research Priorities

Research priorities meeting consensus, robustness,
and stability were included in the position paper. A
qualitative thematic analysis was performed for the
questions on each research priority to be addressed
by future studies. The experts reviewed and approved
the article’s final version before submission for
publication.

Critical Care Medicine

RESULTS

Of the 33 experts identified, 25 experts from 13 coun-
tries across four continents (America, Europe, Asia,
and Oceania) participated in the Delphi process and
completed all rounds (Supplemental Fig. 1, https://
links.lww.com/CCM/H772). The Delphi process was
conducted in four rounds between April 2024 and
October 2024 (Fig. 2). The experts suggested 62 re-
search priorities that were refined and grouped into
35 items (Fig. 3). Ten topics reached the threshold for
the first round and were selected for the literature re-
view and the subsequent rounds. During this round,
the panel members refined the priorities, made neces-
sary semantic adjustments (e.g., simplifying “analgesia
and sedation for pain and agitation” and leaving de-
lirium to “antipsychotics for delirium”), and combined
or excluded items based on group feedback. After
statement combinations and semantic modifications,
eight research priorities were identified, of which six
achieved consensus, robustness, and stability (Table
1; and Supplemental Delphi material, https://links.
lww.com/CCM/H772). These six research priorities
are discussed below. Following the final Delphi round,
the organizing committee performed a thematic anal-
ysis of the expert responses and a literature review to
develop the research questions listed in Table 2. These
questions represent structured areas of uncertainty
and clinical need, validated by panel consensus, and
are intended to guide focused investigations.

DISCUSSION

The Delphi process yielded the final research priori-
ties that formed the foundation of this position paper.
Table 2 summarizes the qualitative thematic anal-
ysis for the questions on each research priority to be
addressed by future studies.

Pharmacokinetic/Pharmacodynamic Reporting

The focus of pharmacokinetics reporting has tradi-
tionally relied on detailed model descriptions rather
than their practical applications (26). Understanding
the relationship between pharmacokinetics changes
and target pharmacodynamics responses is crucial
for developing optimal dosing regimens for ECMO-
supported patients. In addition, non-ECMO mod-
els in critically ill patients are necessary to accurately
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distinguish the derangements caused by ECMO vs.
those resulting from critical illness itself. Ensuring
homogeneity in sample timing is critical for future

studies to mitigate differences in pharmacokinetics/

pharmacodynamics aberrations during different stages
of ECMO support and critical illness (27, 28).

To enhance the standardization of pharmaco-
kinetics/pharmacodynamics  studies in ECMO,

Antimicrobials therapeutic drug monitoring

Analgesia and sedation for managing pain, agitation, and delirium
Pharmacological effect of renal replacement therapy on ECMO patients
Antipsychotics on ECMO: choice and dosing

Standardization and protocolization of sedation/analgesia weaning
Standardization of PK/PD reporting on ECMO studies

PK/PD of newer antimicrobials for multidrug-resistant infections
Optimization of anticoagulation

Pre-cannulation antimicrobial: Is it needed? Dosing?

Sedation and neuromuscular blockers to reduce work of breathing during VV ECMO
Deep sedation vs. light sedation on ECMO, sedoanalgesia bundles
Pharmacological curriculum development: teaching the physicians
Inhaled vs. IV sedation on ECMO

PK/PD of antiepileptics

ECMO circuit days and it’s impact on sedation

Vasopressor choice for refractory distributive shock during ECMO
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ECMO impact on immunosuppressive therapy in transplant patients
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Figure 3. Refined research priorities and round one voting results. ECMO = extracorporeal membrane oxygenation, EEG =
electroencephalography, PK/PD = pharmacokinetics/pharmacodynamics, VA = venoarterial, VV = venovenous.

TABLE 1.

Final Consensus and Stability of the Delphi Process

Pharmacokinetic/pharmacodynamic 96
reporting

Interactions with renal replacement 84
therapy

Pre-cannulation antibiotic prophylaxis 68

Antimicrobial dosing 92

Analgesia and sedation for pain and 100
agitation

Sedation and neuromuscular blocking 84
agents for increased work of breathing

Antipsychotics for delirium 68

Anticoagulation 92

0 4 7 (6-7) 0.7
12 4 6 (6-7) 0.4
20 12 5 (4-7) 0.7

4 4 7 (7-7) 0.4

0 0 7 (6-7) 0.4
12 4 6 (5-7) 0.4
24 8 5 (4-6) 0.6

8 0 7 (6-7) 0.9

IGR = interquartile range.
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TABLE 2.

Essential Questions to Be Addressed by Future Studies in Extracorporeal Membrane

Oxygenation Pharmacology

PK/PD reporting

What is the relationship between PK changes and target PD responses for commonly used

drugs to optimize dosing regimens?

Interactions with RRT

How does the interaction between RRT and ECMO affect PK/PD?

Does the RRT configuration with the ECMO (directly integrated vs. separate) affect PK/PD

differently?

How do different RRT modalities affect ECMO-PK/PD?

Antimicrobial dosing

What is the impact of different dosing or infusion strategies on antimicrobial effectiveness?

Is there cost-effectiveness in therapeutic drug monitoring implementation?

Can we explore the link between antimicrobial exposure and clinical outcomes?

Analgesia and sedation for
pain and agitation

When is the optimal time to start weaning sedation and analgesia®?

Can enteral agents be used to minimize the need for continuous sedative and analgesic infu-

sions and promote light sedation?

Are there sedation strategies that could promote cellular recovery or diminish organ

damage?

Will using objective monitoring strategies (e.g., processed electroencephalogram) result in
less sedative doses or facilitate sedation weaning?

Sedation and NMBAs for
increased work of breathing

What sedatives should be used during paralysis? Is polypharmacy necessary when contin-
uous NMBA is used to control work of breathing and avoid pSILI?

Can pSILI be prevented by managing ECMO settings (changes in extracorporeal blood flow
and sweep gas to modify Pao, or Paco,) instead of over-sedating patients?

Is there a more accurate way to assess paralysis and reduce NMBA dosing? Could quantita-
tive vs. qualitative train-of-four monitoring or titration of NMBA based on patient-ventilator
dyssynchrony respiratory rate control and work of breathing measurements (e.g., occlusion
pressure, esophageal pressure, or diaphragmatic function) offer better guidance?

Is it feasible to use lower NMBA doses if work of breathing measurements are used (partial

paralysis)?

Optimization of
anticoagulation

Which ECMO-supported patients require anticoagulation?

What are the safest and most effective agents and dosing?

Which is the best monitoring practice? Is it a combination of monitoring assays?

How does advanced circuit materials impact patient outcomes, such as bleeding and

thrombotic complications?

ECMO = extracorporeal membrane oxygenation, NMBA = neuromuscular blocking agent, PK/PD = pharmacokinetic/
pharmacodynamic, pSILI = patient self-inflicted lung injury, RRT = renal replacement therapy.

establishing a consistent set of parameters to be re-
ported is essential (Supplemental Table 2, https://
links.Ilww.com/CCM/H772). This ensures that data
generated across studies are comparable and can be ef-
fectively used to optimize pharmacotherapy (26-29).
Although comprehensive reporting of all elements in
Supplemental Table 2 (https://links.Iww.com/CCM/
H772) is ideal, we acknowledge that some may be
difficult to achieve in small case series or resource-
limited settings. A tiered approach that prioritizes core

Critical Care Medicine

components—such as drug regimen, ECMO configu-
ration, and sampling strategy—may facilitate broader
implementation while still supporting reproducible,
clinically translatable research.

Interactions With Renal Replacement Therapy

Acute kidney injury frequently occurs in ECMO-
supported patients (30-32). For these patients, renal
replacement therapy (RRT) indications align with

e2251
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those for the non-ECMO population, with no defini-
tive evidence supporting either early or late initiation
(33, 34). The use of RRT during ECMO varies widely
and is often influenced by the treating center’s experi-
ence and practices, including the preferred modality
(e.g., continuous RRT or sustained low-efficiency di-
alysis) (31). Whether RRT is integrated directly with
the ECMO circuit or performed separately, its neces-
sity is consistently associated with increased mortality
(33-37).

There is a lack of pharmacokinetics/pharmacody-
namics studies including detailed data on patients sup-
ported with ECMO and RRT (38). The few available
studies seldom provide crucial information regarding
the specific RRT modality used, dialysis duration, and
settings (38). This gap is concerning, as concurrent use
of RRT has been shown to increase pharmacokinetics
variability (38). In the largest study on antimicrobials
in ECMO-supported patients, 45% of patients received
RRT, with up to a 200-fold variation in antimicrobial
blood concentrations (39). Despite these variations,
target attainment rates were not significantly different
between patients receiving RRT vs. those who did not,
although both groups exhibited alarmingly low rates of
target attainment (39). Multicenter studies are needed
to evaluate ECMO-RRT interactions for key drug
classes, define therapeutic targets, and establish phar-
macokinetics models that account for RRT modality
and intensity.

Antimicrobial Dosing

Critically ill patients receiving ECMO face a higher risk
of nosocomial infections, with studies reporting up to
a 50% increase compared with the general critically ill
population (40-42). Several factors likely contribute to
this elevated risk, including the severity of critical ill-
ness, invasiveness of the ECMO procedure, prolonged
ICU stay, use of multiple intravascular catheters, and
the need for mechanical ventilation, along with other
invasive interventions (40-42). Furthermore, some
centers maintain pre-primed ECMO circuits readily
available for urgent cannulation or circuit changes.
While the Extracorporeal Life Support Organization
(ELSO) endorses pre-primed circuits for up to 30 days,
there have been reports of bacterial contamination,
which may represent an additional infection source
(43, 44). Despite the association of these infectious

e2252
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complications with longer hospital stays and increased
mortality, scientific evidence on the prevention, diag-
nosis, and treatment of these infections remains lim-
ited (42, 45, 46).

Optimal antimicrobial dosing regimens aligned
with pharmacokinetics/pharmacodynamics princi-
ples are crucial for minimizing resistance emergence
and prolonging the lifespan of existing antimicrobials
(13, 47, 48). The largest multicenter prospective study
to date found that antimicrobial concentrations in
ECMO-supported patients were generally comparable
to those in critically ill patients without ECMO (39).
Other studies suggest that pharmacokinetics/pharma-
codynamics alterations are more likely attributable to
pathophysiological changes inherent to critical illness
rather than the ECMO support itself (49-64). However,
a significant proportion of critically ill patients fail to
reach predefined pharmacodynamics targets, which
may compromise treatment effectiveness and could
contribute to the development of antimicrobial resist-
ance (50, 63, 65-67).

Antimicrobial therapeutic drug monitoring (TDM)
for severe infections and critical illness has already
been advocated to optimize antimicrobial dosing (47).
Guidelines such as The Surviving Sepsis Campaign
recommend TDM-guided dosing when feasible (48).
However, evidence on TDM-guided antimicrobial
dosing on ECMO-supported patients is scarce, and
TDM practices differ widely between institutions (39,
64). When considering studies that analyzed ECMO-
pharmacodynamics responses, TDM-guided dose
adjustments are recommended for several antimicro-
bials (38, 39, 68). However, despite the potential bene-
fits, several limitations hinder the widespread adoption
and efficacy of TDM. Prolonged TDM turnaround
times can delay necessary dose adjustments, validated
assays for newer antimicrobials are often lacking, and
the absence of predefined pharmacodynamics targets
for many antimicrobials complicates the interpretation
and clinical application of the results. Finally, TDM
is not widely available in all healthcare centers, par-
ticularly in resource-limited settings, with cost as an
important barrier (6, 15, 39, 69). To ensure effective
and safe antimicrobial exposure in ECMO-supported
patients, clinical studies are necessary to define the role
of TDM-guided antimicrobial dosing, identify suitable
therapeutic targets, and assess their impact on patient
outcomes.

November 2025 ¢ Volume 53 * Number 11
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Analgesia and Sedation for Pain and Agitation

Achieving and maintaining optimal sedation and an-
algesia in critically ill patients is challenging (70, 71).
Current guidelines stress prioritizing pain manage-
ment, avoiding benzodiazepine use, and encouraging
early awakening to improve patient-centered outcomes
(72, 73). However, these strategies may not be suitable
for some ECMO-supported patients (e.g., severe acute
respiratory distress syndrome [ARDS], delayed chest
closure), who often require deep sedation (74-76).

Various sedation scales, including the Richmond
Agitation-Sedation Scale (77, 78), Sedation Agitation
Scale (79), and Ramsay score (80) have been used
to monitor sedation in ECMO-supported patients.
Nevertheless, international surveys found that only
49% of ECMO centers employ a sedation score, with
few centers using daily sedation breaks and 75% of
patients managed with deep sedation (80, 81). The use
of objective sedation monitoring tools (e.g., processed
electroencephalography) has proven effective for criti-
cally ill patients (82, 83), but remains understudied on
ECMO-supported patients. A recent study validating
the use of processed electroencephalography to mon-
itor sedation levels in venovenous ECMO patients re-
vealed that these patients were frequently over-sedated
(84).

Several ex vivo studies have shown decreased con-
centrations of sedatives with ECMO (18, 85-89).
Similarly, single-center cohort studies have reported
higher opioid and sedative requirements during
ECMO (79, 90-92). To date, only three pharmacoki-
netics studies have been published for ECMO patients,
although pharmacodynamics targets were analyzed in
only one of these studies (84, 93, 94). This study re-
vealed that increased sedative clearance was limited
to the initial hours of support, likely due to venove-
nous ECMO circuit saturation (84, 95). Additionally,
three retrospective studies have compared fentanyl vs.
hydromorphone analgesia in ECMO patients. While
two showed no differences in sedative requirements or
agitation-sedation scores (96, 97), the other demon-
strated a significant reduction in daily narcotic doses
and an increase in ECMO days alive without delirium
or coma in the hydromorphone group (98).

Whether increased sedative requirements are
driven by ECMO-induced pharmacokinetics changes,
clinical practices of maintaining deep sedation, or the
development of tolerance over time, IV sedatives are

Critical Care Medicine

associated with well-known side effects, including
increased prevalence of agitation and delirium, risk of
ICU-acquired weakness, drug accumulation, and tach-
yphylaxis (69, 70, 90).

Recently, attention has increasingly focused on the
use of volatile anesthetics as an alternative to IV seda-
tion (99). A meta-analysis on mechanically ventilated
patients demonstrated a reduction in time to extuba-
tion and an absence of short-term side effects with
volatile-based sedation (99). Similarly, a retrospec-
tive study including patients with ARDS undergoing
venovenous ECMO found that isoflurane provided
sedation with a more profound effect than IV agents
(70). When volatile anesthetics are used on venove-
nous ECMO patients, including those with COVID-
19, they have opioid-sparing effects while preserving
hemodynamics (70, 100, 101). Nevertheless, concerns
have been raised with very low tidal volumes (< 100-
150 mL), as some reports suggest failure to suppress
agitation in these patients (102). Furthermore, recent
publications found higher mortality rates with pro-
longed use of sevoflurane (103). Finally, the environ-
mental impact of using volatile anesthetics should be
cautiously considered (70, 101, 104).

Standardized management strategies for pain and
agitation are paramount, particularly to facilitate the
weaning of these therapies (105-107). Protocolized
sedation, shown to improve outcomes and decrease
mortality in critically ill patients (108), remains under-
studied in ECMO-supported patients. The safety of
targeting light sedation and conducting spontaneous
awakening trials for all patients receiving ECMO re-
mains uncertain. However, strategies proven effective
in non-ECMO patients, like opioid rotation (109) and
transitioning from IV to enteral therapy (110, 111),
may facilitate sedation weaning. The emerging “awake
ECMO?” approach, used to facilitate early mobilization
and improve outcomes, should be implemented only in
specialized ECMO centers and after carefully evaluat-
ing contraindications (112-114). Future research must
focus on the safety and effectiveness of standardized
sedation practices and weaning strategies.

Sedation and Neuromuscular Blocking Agents
for Increased Work of Breathing

The use of sedatives and NMBA to reduce the work of
breathing and prevent patient-ventilator dyssynchro-
nies or patient self-inflicted lung injury (pSILI) during

€2253
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venovenous ECMO has gained attention recently (115,
116). Notably, it appears that the depth of sedation does
not always correlate with reduced work of breathing
and may not effectively prevent pSILI (117). Consistent
with studies in critically ill patients showing little to
no effect of sedatives on respiratory effort (117-120),
a recent pharmacokinetics/pharmacodynamics study
showed that respiratory effort—measured via inspira-
tory effort against an occluded airway and occlusion
pressure during first 0.1 seconds (121)—could not be
adequately explained by propofol or fentanyl concen-
trations (84).

While NMBA can effectively control the work of
breathing and may be the only reliable method to pre-
vent pSILI, adequate sedation is required to prevent
awareness during NMBA use. Prolonged deep sedation
and continuous paralysis expose patients to the long-
term risks of immobility, contributing to increased
ICU-related morbidity and mortality (79, 114). Further
research is required regarding appropriate monitoring
techniques for respiratory effort and therapeutic strat-
egies to modulate such effort and achieve lung and di-
aphragm protective ventilation.

Anticoagulation

The optimal anticoagulation strategy for adult
ECMO patients remains a subject of ongoing debate.
Unfractionated heparin remains the most used antico-
agulant, given that it can be easily titrated due to its
short half-life and has a specific antidote (122-124).
Direct thrombin inhibitors (DTIs) such as bivalirudin
and argatroban may also be safely used for ECMO-
supported patients, especially in patients with a his-
tory of heparin-induced thrombocytopenia (122, 123,
125). Bivalirudin has shown comparable thromboem-
bolism and bleeding rates, with perhaps superior coag-
ulation profiles than heparin, quicker achievement of
therapeutic targets, and reduced bleeding and trans-
fusion requirements (123, 126-129). Less is known
regarding argatroban, but retrospective reviews sug-
gest comparable bleeding risk with heparin (125, 130).
Low-molecular-weight heparin may be used as an
alternative in selected patients (131). Finally, emerg-
ing evidence supports the safety of “low-dose” antico-
agulation strategies, particularly in patients receiving
venovenous ECMO (132-134). Small studies have
reported using ECMO without systemic anticoagula-
tion, with a similar prevalence of circuit and patient
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thrombosis (133, 135). Special populations, such as
patients with COVID-19 requiring ECMO, present ad-
ditional complexities due to increased risk of throm-
bosis and bleeding (136).

One of the key challenges in optimizing anticoag-
ulation during ECMO is the lack of a single, univer-
sally accepted, reliable laboratory test for monitoring
anticoagulation (137). ELSO guidelines recommend
using anti-Xa levels for heparin monitoring (137). In
addition, anti-Xa levels and exogenous antithrombin
administration may be helpful in the setting of heparin
resistance (138-141). Activated clotting time is widely
available, but it is affected by factors unrelated to an-
ticoagulant levels, limiting its specificity (137). For
DTIs, activated partial thromboplastin time is consid-
ered the gold standard, but its reliability diminishes at
higher drug concentrations and in critically ill patients
(140). Viscoelastic hemostatic assays like thromboelas-
tometry and thromboelastography have also been used
for anticoagulation monitoring (142-144).

Large randomized clinical trials are urgently needed
to accurately determine the necessity of anticoagula-
tion, appropriate therapeutic dosing, and optimal
target levels in ECMO-supported patients.

Limitations

This study had several limitations. First, the panel’s
relatively small sample size with experts from certain
continents may limit the generalizability of the find-
ings to other regions. Additionally, using a Delphi pro-
cess could have introduced selection bias. However,
efforts were made to minimize this bias by selecting
experts from multiple geographic regions with diverse
resource settings, including all the ELSO Chapters.
The methodology was also prone to response bias, as
the research priorities list was drafted by the organiz-
ing committee after consolidating the expert responses
and suggestions. Although the position paper provided
a literature review of the current evidence, a more
individualized approach might be required for specific
patients. In addition, while the consensus threshold
was predefined at 70%, other priorities hovered near
the cutoff. Given the panel size, a single vote could in-
fluence inclusion. These near-threshold topics, how-
ever, remain highly relevant to clinical practice and
warrant continued attention in future research agen-
das. Nevertheless, this study had notable strengths. It
is the first of its kind to establish consensus on ECMO
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pharmacology research priorities, with expert state-
ments that have strong potential to shape future stud-
ies. Second, the Delphi process used was rigorous and
anonymous, ensuring unbiased input by preventing
dominance and peer pressure. Last, the experts were
selected based on predefined criteria, and four Delphi
rounds were conducted with a diverse panel of 25
experts, maintaining a 0% attrition rate.

CONCLUSIONS

This position paper identifies six key research priori-
ties—ranging from pharmacokinetics/pharmacody-
namics reporting to antimicrobial dosing, sedation,
neuromuscular blockade, anticoagulation, and inter-
actions with RRT. These priorities provide a roadmap
to advance pharmacological care for ECMO-
supported patients, aiming to guide future research,
inform funding strategies, and promote evidence gen-
eration that can be translated to improved bedside
decision-making and improved clinical outcomes.
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