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The scope of contemporary perfusion practice has ex-
panded considerably over the past two decades. Perfu-
sionists are no longer involved solely in routine cardiopul-
monary bypass procedures but now play critical roles in Ex-
tracorporeal Membrane Oxygenation (ECMO), mechanical
circulatory support, Extracorporeal Cardiopulmonary Re-
suscitation (ECPR), heart and lung transplantation, mini-
mally invasive cardiac surgery, hybrid cardiovascular pro-
cedures, and complex aortic surgery. As clinical responsi-
bilities continue to broaden, the development, maintenance,
and regular revision of comprehensive departmental proto-
cols should be recognized as a fundamental component of
safe, evidence-based perfusion practice.

While most perfusion departments maintain proto-
cols for routine Cardiopulmonary Bypass (CPB) manage-
ment, many lack comprehensive guidance covering uncom-
mon clinical conditions, special patient populations, and
low-frequency but high-risk emergencies. Examples in-
clude antiphospholipid syndrome, heparin-induced throm-
bocytopenia, pregnancy requiring cardiac surgery, morbid
obesity, sickle cell disease, cold agglutinin disease, se-
vere pulmonary hypertension, mechanical valve thrombo-
sis, ECMO-to-CPB conversion, ECPR, ventricular assist
devices, and transplantation [1,2,3,4].

The importance of such protocols becomes partic-
ularly apparent during rare and complex clinical situa-
tions. Consider a patient with antiphospholipid syndrome
requiring urgent cardiac surgery, a patient with heparin-
induced thrombocytopenia requiring alternative anticoag-
ulation during CPB, or a pregnant patient requiring emer-
gency valve surgery. Many perfusionists may encounter
these scenarios only a few times during their careers. Sim-
ilarly, events such as oxygenator failure, ECMO-to-CPB
conversion, or emergency ECPR deployment often occur
unexpectedly and under significant time pressure. In the
absence of clearly defined protocols, management may be-
come dependent on individual experience and recollection
rather than standardized evidence-based practice. Compre-
hensive departmental guidance helps ensure a coordinated,
reproducible, and safe response regardless of the experience
level of the individual practitioner.

Departments should also maintain protocols for rare
but potentially catastrophic emergencies including oxy-
genator failure, air embolism, venous air lock, pump mal-
function, gas supply interruption, heparin resistance, pro-
tamine reactions, accidental decannulation, cardioplegia
delivery failure, ECMO circuit emergencies, massive hem-
orrhage, emergency sternotomy, and emergency conver-
sion from minimally invasive to open cardiac surgery. In
these situations, comprehensive protocols and emergency
checklists provide a structured framework for decision-
making, reduce variability, and support effective team per-
formance [5,6].

The benefits of robust departmental protocols ex-
tend beyond emergency preparedness. Standardization re-
duces unwarranted variability in anticoagulation manage-
ment, transfusion practices, blood conservation, temper-
ature management, oxygen delivery monitoring, myocar-
dial protection, ECMOpractice, andmechanical circulatory
support. Evidence-based departmental guidelines help en-
sure patients receive consistent care regardless of the indi-
vidual practitioner involved [1,2,3,4].

The value of standardized protocols and checklists
has been demonstrated across multiple healthcare settings.
The World Health Organization Surgical Safety Checklist
was associated with significant reductions in postoperative
complications and mortality following implementation [5].
Within cardiac surgery, implementation of standardized pe-
rioperative care pathways, blood conservation strategies,
and evidence-based clinical guidelines has been associ-
ated with improved process reliability, reduced practice
variation, and enhanced quality improvement efforts [4,7].
Standardized protocols and evidence-based guidelines have
also been promoted as important mechanisms for improv-
ing team communication, enhancing emergency prepared-
ness, and supporting consistent delivery of care across mul-
tidisciplinary teams [1,2,3,4]. Furthermore, studies eval-
uating checklist implementation and crisis resource man-
agement have demonstrated improvements in team perfor-
mance, communication, and management of critical events
[6,8]. Although direct perfusion-specific outcome studies
remain limited, the broader surgical and patient safety lit-
erature provides compelling evidence that structured proto-
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cols and checklists contribute to safer, more consistent, and
higher-reliability clinical practice.

A suggested framework for organizing departmental
perfusion protocols is presented in Supplementary Table
1.

Supplementary Table 2 provides examples of proto-
col categories that may be incorporated into a comprehen-
sive perfusion department protocol library to support stan-
dardization, education, quality improvement, emergency
preparedness, and management of special patient popula-
tions.

While comprehensive protocol libraries represent the
ideal state, departments with limited resources may bene-
fit from a phased implementation strategy. Protocol de-
velopment should initially focus on high-risk and high-
frequency processes that affect routine patient care, fol-
lowed by high-risk but low-frequency emergencies where
delayed or inconsistent management may have significant
consequences. Additional protocols may then be devel-
oped according to institutional case mix, service complex-
ity, available expertise, and local risk assessments. Simi-
lar protocol-based approaches have been widely adopted in
patient safety and quality improvement initiatives [5,6,7,8].
This risk-based prioritization approach allows departments
to progressively build a comprehensive protocol library
while ensuring that the most clinically important scenarios
are addressed first.

Comprehensive protocols also provide substantial ed-
ucational value. Modern perfusion departments often com-
prise experienced clinicians, newly qualified graduates,
trainees, international recruits, locum staff, and practition-
ers returning to practice after prolonged absences. A well-
developed protocol library facilitates onboarding, compe-
tency development, continuing professional education, and
preservation of institutional knowledge.

The increasing adoption of simulation-based educa-
tion further reinforces the value of departmental proto-
cols. Emergency simulations involving CPB emergencies,
ECMO emergencies, ECPR deployment are most effective
when supported by clearly defined institutional procedures.
Protocols provide the foundation uponwhich simulation ex-
ercises and competency assessments can be built [9].

Importantly, protocols should never be regarded as
static documents. Perfusion practice continues to evolve
through advances in technology, monitoring, anticoagula-
tion strategies, ECMO applications, transplantation, and
emerging clinical evidence [4,10]. Consequently, depart-
ments should adopt a living protocol model whereby guide-
lines undergo regular review and revision. The proposed
framework for this continuous quality improvement process
is illustrated in Fig. 1.

Implementation of comprehensive protocol programs
is not without challenges. Common barriers include com-
peting clinical priorities, limited protected time for proto-
col development, staff resistance to change, resource con-

straints, and differing perspectives amongmultidisciplinary
stakeholders. Successful implementation may be facili-
tated through strong leadership support, stakeholder en-
gagement, simulation-based testing, and iterative revision
processes that promote usability and long-term sustainabil-
ity [1,2,3,4,9].

Departmental protocols should generally be viewed as
local adaptations of established professional society guide-
lines rather than entirely de novo documents. Recom-
mendations from organizations such as American Society
of ExtraCorporeal Technology (AmSECT), The Society of
Thoracic Surgeons (STS), and Extracorporeal Life Support
Organization (ELSO) can provide the foundational frame-
work, while local protocols incorporate institution-specific
workflows, equipment, staffing models, regulatory require-
ments, and patient populations. When recommendations
differ between professional societies or local circumstances
require modification, multidisciplinary review committees
should evaluate the available evidence and document the
rationale for any deviations [1,2,3,4,10].

Departments should establish a formal Protocol Re-
view Committee consisting of senior perfusionists, sur-
geons, anesthesiologists, intensivists, quality specialists,
and educators. Such committees should oversee protocol
governance, evaluate emerging evidence, review adverse
events and near misses, assess compliance with profes-
sional society recommendations, and identify opportunities
for improvement. Effective governance should include de-
fined protocol ownership, version control, revision histo-
ries, document management processes, and periodic audits
to ensure protocols remain current, accessible, and aligned
with evolving clinical practice [1,2,3,4,10].

Comprehensive protocol governance should be re-
garded as a key component of departmental maturity and
clinical excellence. Beyond supporting day-to-day opera-
tions, structured governance frameworks facilitate accred-
itation readiness, regulatory compliance, risk mitigation,
and continuous quality improvement. By providing amech-
anism to translate emerging evidence, institutional experi-
ence, and lessons learned from adverse events into stan-
dardized practice, protocol governance promotes account-
ability, consistency, and sustained improvements in patient
care [1,2,3,4].

Audit activities may include monitoring protocol ad-
herence rates, checklist completion, documentation com-
pleteness, protocol deviation reporting, and participation in
competency assessments or simulation exercises. Signifi-
cant deviations should undergo structured review to iden-
tify contributing factors and determine whether corrective
actions, such as education, retraining, workflow modifica-
tion, or protocol revision, are required [1,2,3,4,9].

Protocol design is equally important as protocol con-
tent. For time-critical emergencies, departments should
consider supplementing comprehensive reference docu-
ments with concise checklists, visual algorithms, quick-
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Fig. 1. The living protocol lifecycle in perfusion practice. Conceptual framework illustrating the continuous cycle of evidence surveil-
lance, protocol development and revision, staff education, implementation, audit and compliance monitoring, and ongoing refinement.
Formal review may occur annually or biennially, with interim updates triggered by new evidence, guideline revisions, adverse events,
technological advances, or quality improvement initiatives.

reference cards, and mobile-accessible resources. Such for-
mats may improve accessibility, reduce cognitive burden,
and facilitate rapid decision-making during high-stress clin-
ical situations while maintaining consistency with more de-
tailed departmental guidance [5,6,9].

As protocol libraries expand, there is a risk that ex-
cessive document volume may reduce accessibility and in-
crease cognitive burden during time-critical situations. De-
partments should therefore consider tiered protocol struc-
tures consisting of core protocols for routine and emergency

use, supplemented by extended reference documents for
specialized scenarios. Indexed quick-reference tools, visual
algorithms, searchable digital repositories, and decision-
support resources may further enhance accessibility while
minimizing information overload [5,6,9].

Looking ahead, departmental protocols may evolve
beyond traditional document-based systems toward inte-
grated digital platforms that provide clinicians with rapid
access to evidence-based guidance at the point of care.
Emerging technologies such as mobile protocol reposito-
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ries, electronic health record integration, clinical decision-
support tools, and artificial intelligence-assisted literature
surveillance may facilitate more efficient protocol mainte-
nance and dissemination. Such innovations have the po-
tential to improve accessibility, enhance compliance, ac-
celerate protocol updates, and further strengthen patient
safety and quality outcomes. The specific structure, scope,
and complexity of departmental protocol libraries will in-
evitably vary according to institutional size, available re-
sources, case mix, staffing models, and clinical capabilities.
Nevertheless, the underlying principles of standardization,
continuous review, accessibility, and evidence-based prac-
tice remain broadly applicable across perfusion services and
healthcare organizations.

Similar to the evolution of evidence-based perfusion
guidelines at national and international levels, departmental
protocols should undergo continuous refinement to reflect
advances in clinical practice, technology, and patient safety
science. Protocols should serve as mechanisms through
which evidence is translated into consistent bedside prac-
tice.

As perfusion practice continues to evolve, investment
in comprehensive protocol governance should be viewed
not merely as an administrative responsibility but as a
strategic patient safety initiative that supports consistency,
quality, education, and clinical excellence.
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