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Abstract: The successful outcome of a cardiac surgery procedure is significantly dependent on the
management of cardiopulmonary bypass (CPB). Even if a cardiac operation is technically well-
conducted, a patient may suffer CPB-related complications that could result in severe comorbidities,
reduced quality of life, or even death. However, the role of clinical perfusionists in perioperative
patient care, which is critical, is often overlooked. Therefore, the European Association for Cardio-
Thoracic Surgery (EACTS), the European Association of Cardiothoracic Anaesthesiology (EACTA),
and the European Board of Cardiovascular Perfusion (EBCP) have agreed to develop joint clinical
practice guidelines (CPGs) for CPB due to its significant impact on patient care and significant
variations in practice patterns between countries. The European guidelines, based on the EACTS
standardized framework for the development of CPGs, cover the entire spectrum of CPB management
in adult cardiac surgery. This includes training and education of clinical perfusionists, machine
hardware, disposables, preparation for initiation of CPB, a complete set of procedures during CPB
to help maintain end-organ function and anticoagulation, weaning from CPB, and the gaps in
evidence and future research directions. This comprehensive coverage ensures that all aspects of CPB
management are addressed, providing clinicians with a standardized approach to CPB management
based on the latest evidence and best practices. To ensure better integration of these evidence-based
recommendations into daily practice, this review aims to provide a general understanding of guideline
development and an overview of essential treatment recommendations for CPB management.

Keywords: guidelines; recommendations; EACTS; EACTA; EBCP; cardiopulmonary bypass; adult
cardiac surgery; evidence-based medicine

1. Introduction

Clinical practice guidelines (CPGs) are critical in healthcare, offering evidence-based
recommendations to improve patient care quality. These CPGs are published across pro-
fessional organizations and healthcare agencies at local and international levels. A multi-
disciplinary writing committee group, known as the Task Force (TF), comprising unpaid
experts chosen for their clinical and/or academic expertise, develops these CPGs. The TF
group’s roles include potential benefits and harms of treatment approaches, translating
clinical and scientific knowledge into best practice recommendations, and identifying key
research gaps to stimulate critical research activities in the field.
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Defined by the National Academy of Medicine (NAM) in 2011, CPGs are “state-
ments that include recommendations intended to optimize patient care that is informed
by a systematic review of the evidence and an assessment of the benefits and harms of
alternative care options” [1]. They aid healthcare providers and policymakers in decision-
making, supplement textbooks, standardize care, reduce variation, an improve outcomes.
Guidelines are developed using a modified evidence scale hierarchy and clinical experi-
ence, with recommendations reflecting the guideline’s fundamental assertions (Figure 1).
The class designation indicates the treatment’s recommendation status and the certainty
around effect estimates, while the evidence level indicates the associated research strength
(Figures 2 and 3).
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The concept of evidence level was first introduced by a Canadian Task Force in 1979,
aiming to enhance population health through periodic health examinations [2]. This ap-
proach was later updated during the development of recommendations on antithrombotic
agents [3]. Randomized controlled trials (RCTs) and/or meta-analyses of RCTs are seen
as the most reliable evidence forms due to their less susceptible to bias and systematic
errors. RCTs, being the gold standard, randomly assign participants to different treatments,
minimizing the likelihood of bias. However, they can be costly and resource-demanding.
In such instances, observational data such as those obtained through cohort studies or
case series, could be used for assessing intervention effectiveness and harms. Despite
being more prone to bias, these studies can provide invaluable data when RCTs are not
feasible or ethical. Thus, the TF should review all scientific evidence, including RCTs and
observational studies, to develop comprehensive guidelines reflecting the best available
evidence and clinical expertise.

Guidelines encapsulate evidence on a topic to help health professionals in choosing
suitable treatment options for a specific patient. Recommendations should aid in delivering
patient care through the judicious use of available evidence in conjunction with clinical
expertise and patient expectations. However, as guidelines cannot cover all clinical situ-
ations, the final decision remains at the discretion of the treating physician or healthcare
team, considering the patient’s preferences.
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Another important clinical guideline goal is to identify gaps and guide future inves-
tigations. Systematic literature reviews and group assessments help detect these gaps
properly, fostering rigorous and reproducible research. By providing a framework for iden-
tifying knowledge gaps, guidelines can facilitate efficient research to resolve uncertainties
about optimal diagnostic and patient care practice.

Finally, it is essential to recognize that CPGs are not without limitations. Their inter-
pretation in real-world contexts can be influenced by factors such as the TF composition,
potential intellectual biases, data insufficiency and varying result interpretations. This
can lead to disparate treatment recommendations for the same clinical conditions across
different TF groups [4].

Trustworthy guidelines should clearly articulate the connection between treatment
options and health outcomes. They must accurately reflect the available evidence, with-
out prematurely advancing it. Therefore, it is important that CPGs be updated every
3 to 5 years.

2. European Guidelines for Safe Cardiopulmonary Bypass in Adult Patients
2.1. Guideline Development Process

The impact of CPB makes clinical perfusion a unique surgical speciality. To address
the lack of standardized practice in Europe, the European Association for Cardio-Thoracic
Surgery (EACTS), the European Association of Cardiothoracic Anaesthesiology (EACTA),
and the European Board of Cardiovascular Perfusion (EBCP) have formed the writing
committee. The TF aimed to develop the first European evidence-based recommendations
for the use of CPB in cardiac surgery, ultimately improving patient care, standardizing
practices, and guiding future research in clinical perfusion.

A systematic review was conducted following strict protocols to ensure high-quality
standards, as described in the EACTS Methodology Manual for Practice Guidelines [5]. The
Population, Intervention, Comparison, Outcome and Timeframe (PICOT) model was used
to structure clinical research questions when synthesizing evidence [6]. Literature searches
were based on standardized MeSH keywords from the PubMed and Embase databases. The
study endpoints assessed included hard clinical outcomes and softer, clinically meaningful
outcomes such as ICU length of stay, prolonged ventilation time, bleeding complications,
and allogenic blood transfusion requirements.

After assessing the quality of the reviewed studies, the risks and benefits of a particu-
lar intervention were considered to establish specific recommendations. The Task Force
members reached a consensus on the final recommendations through extensive discussions
and the Delphi method with a 75% voting threshold. The class of recommendations and
levels of evidence were established for each statement based on the methodological quality,
validity, and applicability of available clinical studies (Figures 2 and 3). In the absence of
proper scientific research, expert consensus statements (graded with Level of Evidence
C) were used to cover specific issues of particular clinical importance for daily practice.
The guidelines were reviewed by anonymous reviewers delegated by the EACTS, EACTA,
and EBCP governing bodies in collaboration with the editors of official society journals [7].
These guidelines provide essential practical recommendations for healthcare professionals
involved in open-heart surgery, emphasizing intraoperative patient optimization and risk
reduction associated with the use of CPB.

2.2. Scope of the Guideline

The current guidelines summarize the scientific evidence for various recommendations
covering all aspects of modern CPB practice. These aspects include (1) training, education,
and service delivery; (2) machine hardware; (3) disposables; (4) preparation for initiating
CPB; (5) procedures during CPB; (6) weaning from the heart–lung machine; and (7) gaps in
evidence. Topics already covered in other society guidelines or expert consensus documents,
such as patient blood management and post-cardiotomy extracorporeal life support in adult
cardiac surgery, are briefly emphasized. Readers are redirected to these sources for more
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information due to strict word count limits [8,9]. Due to its complexity, the temperature
management has been scheduled for subsequent work in the separate document.

2.3. Training, Education, and Service Delivery

A clinical perfusionist’s core function is the heart–lung machine’s operational manage-
ment. Perfusionists must have adequate theoretical knowledge, skills, and experience to
ensure safe and effective clinical practice [10]. Regular participation in continuing medical
education and maintaining a sufficient clinical caseload are crucial for maintaining high-
level competency. Effective leadership is essential for promoting continuous education and
a positive work environment, ensuring a high standard of care and reducing errors. This
document proposes measures and documented operating procedures to help the clinical
perfusion team consistently deliver the best evidence-based patient care.

First, the perfusion department must have written standard operating procedures
covering equipment use, safety measures, required competencies, continuous training,
record-keeping, and responsibility for complete adherence to protocols. These procedures
should be reviewed and updated annually according to the latest developments and
approved by the institution. The document strongly supports the use of checklists for all
CPB machine components before initiating or terminating CPB.

Furthermore, it is highly recommended that perfusionists obtain certification through
a formal education period in an “approved learning training program” and complete a
proper examination of skills and theoretical knowledge. Perfusionists should maintain
their license by demonstrating appropriate professional development, meeting minimum
caseload requirements, and participating in continued medical education (CME). These
recommendations aim to prevent professional-related bias in everyday practice and keep
perfusionists informed about the most recent knowledge in the field.

The perfusion department must closely monitor staffing to ensure that their organi-
zation unit’s needs are always adequately met. It is recommended that the daily number
of certified perfusionists in the department be N + 1, where N represents the number of
concurrently running operating rooms. For example, if there are two operating rooms
scheduled for heart surgery on a given day, the department should have three perfusion-
ists available. Since adhering to this rule can be particularly challenging outside regular
working hours, an additional on-call perfusionist should be available to support personnel
as needed.

Lastly, patient and personnel safety and quality improvement are crucial in all health-
care systems. Growing experience suggests several effective methods to enhance quality
and safety [11,12]. Reporting and systematically analyzing errors or adverse events, in-
cluding regularly presenting them for shared learning, hold absolute recommendations.
Through procedural data collection of patient characteristics and outcomes, along with sub-
mitting audited variables into a hospital registry, regular data analyses should be regarded
as a unique opportunity for further quality assurance and improvement initiatives. In
addition to regular briefings, team meetings, and team culture self-assessment, guidelines
strongly recommend institutionalizing verbal communication between team members in
the operating room and ensuring it is consistently carried out in the same manner [13].

2.4. Heart–Lung Machine Hardware
2.4.1. Console with Pumps and Holders

The console of the heart–lung machine, with holders and pumps, serves as the foun-
dation for most disposable CPB components. However, minimal research has focused
on different hardware aspects. Despite this, there is a general consensus about the safety
features of CPB machines [14,15]. It is worth noting that the following heart–lung machine
hardware represents the gold standard of care, even in the absence of data: pressure con-
trollers for both arterial line and cardioplegia systems, bubble detectors, low-level sensors
and alarms, electrical safety specifications, pump reversal of flow or “runaway” protection,
and a written maintenance plan for the entire CPB equipment.
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2.4.2. Monitoring

Modern CPB management necessitates careful monitoring of the patient’s physi-
ological and machine parameters, allowing for more complex repairs in adult heart
surgery [16,17]. The document has introduced a detailed list of monitoring parameters that
perfusionists can easily follow. Continuous monitoring of arterial line pressure (pre- and
post-oxygenator) in the CPB circuit and continuous oxygenator arterial outlet temperature
measurements are highly recommended. Additionally, it is advised to continuously moni-
tor SvO2 and HCT levels during CPB, while blood gas analyses should be conducted at
regular intervals or continuously monitored. Lastly, routinely considering the pump flow
via ultrasonic measurement on the arterial line is suggested.

2.4.3. Safety Features

Although the probability of fatal events associated with CPB complications has consis-
tently decreased, numerous studies have identified potential risk factors related to specific
safety cultures [18,19]. Consequently, these guidelines strongly advocate for all cardiac
surgery units to record and analyze all adverse events potentially connected to CPB practice
systematically and comprehensively. Efficient analysis can illuminate potential areas for
improvement and facilitate the timely prevention of significant events in the future. Indeed,
the online Perfusion Improvement Reporting System of the Australian and New Zealand
College of Perfusionists (https://anzcp.org/pirs-ii/ accessed on 1 July 2023) serves as a
valuable resource for this purpose.

2.4.4. Oxygen and Air, Carbon Dioxide, and Volatile Anesthetic Supply

Volatile anesthetics are frequently employed during CPB, posing a potential risk of
occupational exposure to these agents. Utilizing a scavenging system at the oxygenator
outlet is the unequivocal recommendation to prevent undesirable exposure. In accor-
dance with relevant standards, the heart–lung machine must be connected to an indexed
piped medical oxygen, air, and carbon dioxide supply, with immediate backup cylinder
supplies available. Possessing adequate knowledge concerning the gas supply and the
effects of volatile anesthetics on oxygenators and the patient is crucial for every clinical
perfusionist [20].

2.4.5. Heater–Cooler Unit

Mycobacterium chimaera was initially predominantly associated with pulmonary in-
fections. However, M. chimaera has more recently become a well-known cause of severe
infections following heart surgery due to the use of contaminated heater–cooler units
(HCUs) [21,22]. Several studies have demonstrated how M. chimaera aerosols could enter
from the contaminated HCU into an open surgical field and cause infection [23]. Conse-
quently, several preventive measures that hospitals should implement to prevent M. chimera
contamination are recommended:

i. Placing HCUs outside of operating rooms;
ii. Adhering to the manufacturer’s decontamination procedures;
iii. Establishing local safety monitoring schedules;
iv. Engaging in international cooperation on diagnosing, managing, and preventing

dissemination to reduce the disease burden.

To reduce the burden of M. chimaera infection, it is essential to have a qualified
laboratory conduct antimicrobial susceptibility testing of the isolates at surveillance sites
on an annual basis. Proper specimen management, storage, and transportation practices
are critical to ensuring accurate and reliable test results, which can then be used to inform
strategies for preventing and managing infections effectively.

https://anzcp.org/pirs-ii/
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2.5. Disposables for the Conduct of Cardiopulmonary Bypass

Storage areas for disposable items must be designed to provide optimal conditions
that maintain the integrity and functionality of these items. It is important to adhere to
label descriptions and ensure that the designated storage space is dark, clean, and dry,
protected from moisture, and maintained within appropriate temperature and humidity
limits. By doing so, the quality and effectiveness of disposable items can be preserved,
ensuring they are safe for use in clinical settings.

2.5.1. Cannulas

Optimal outcomes in cardiac surgery necessitate effective collaboration among all team
members involved in the surgical process. It is advised that the perfusionist and operating
surgeon reach a preoperative consensus on the type and size of arterial and venous cannulas.
This ensures safe venous return and appropriate arterial flow, customized to the patient’s
procedural requirements. In cardiac surgery, potential aortic dissection or embolization
due to atherosclerotic debris detaching from the aortic wall during arterial cannulation,
cross-clamping, or the cannula’s sand-blast jet effect is not uncommon [24,25]. To minimize
vascular embolization and decrease stroke incidence, epiaortic ultrasonography can be
employed to identify ascending aorta plaques before aortic cannulation [26,27]. This
technique is preferable over manual palpation for determining cannulation placement or
using transesophageal echocardiography.

2.5.2. Venting and Suction Devices

Unfortunately, since the introduction of cardiopulmonary bypass (CPB), there has been
limited progress in understanding the cardiotomy suction (CS) mechanism. As CS remains
a major source of hemolysis, it is advised to use it sparingly and avoid air entrainment
into the cardiotomy and venting lines to minimize blood element traumatization [28]. This
recommendation is based on two clinical studies that proposed a gentler blood aspiration
technique, utilizing passive venting or an intelligent suction device for CS to decrease
hemolysis rates [29,30]. However, these approaches warrant further large-scale studies
before they can be endorsed as standard practice in CPB.

2.5.3. Reservoirs

The choice between closed and open venous reservoirs remains a topic of debate, as
both have their pros and cons, and no concrete evidence demonstrates a clear benefit of one
over the other. Nevertheless, studies involving patients with low hematocrit levels (<35%)
have shown reduced transfusion requirements when using closed reservoirs, likely due to
the significant difference in priming volumes between the groups [31]. As a result, the panel
recommends a closed venous reservoir for selected patients to lessen the inflammatory
response and enhance biocompatibility. Additionally, considering a separate cardiotomy
reservoir may help reduce the adverse effects of shed mediastinal blood, such as fat removal
and decreased circulating leukocytes, regardless of the reservoir type [32,33].

2.5.4. Oxygenators

Numerous studies have determined that membrane oxygenators outperform bub-
ble oxygenators in terms of gaseous microemboli, complement activation, and improved
neuropsychological outcomes [34]. Consequently, the TF recommend microporous mem-
brane oxygenators as the primary choice for CPB. However, it is worth noting that poly-
methylpentene membrane oxygenators, which have been shown to significantly reduce
volatile anesthetic concentrations, are not recommended when inhalation anesthesia is the
preferred treatment for a specific surgical procedure.

2.5.5. Pumps

While centrifugal blood pumps have demonstrated laboratory advantages over roller
pumps, the clinical impact of a specific pump on patient outcomes remains to be determined
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due to inconsistent research findings [35,36]. After assessing the risks and benefits, the
TF recommends using centrifugal pumps for cases with longer anticipated CPB times
(CPB > 120 min). This provisional threshold highlights the need for prompt, high-quality,
multicentric clinical research to address existing knowledge gaps and establish a more
definitive understanding of the clinical significance.

2.5.6. Filters

Although arterial line filters (ALF) are widely used in hospitals, there are limited
data on their clinical benefits, especially with the reduced use of bubble oxygenators [37].
Assessing the overall clinical benefits of ALFs becomes complex when used alongside
a hollow-fiber membrane oxygenator, which functions as a depth filter. The guidelines
propose that ALFs could be considered for minimizing microemboli. However, as no well-
designed studies have demonstrated a significant effect of leucodepletion (LD) filters on
patient outcomes, the routine use of LD filters in combination with membrane oxygenators
is not recommended at this time [38,39].

2.5.7. Material and Surface Treatments

When blood comes into contact with the CPB circuit, it triggers a systemic inflamma-
tory response involving leukocytes, platelets, and the coagulation system. Some studies
have suggested that biocompatible coatings can help reduce this inflammatory response,
as well as coagulation cascade activation during CPB and the incidence of postoperative
complications [40,41]. However, before biocompatible coatings can be definitively rec-
ommended over conventional coatings, more extensive multicentric research studies are
needed to confirm their benefits.

2.6. Preparation for Cardiopulmonary Bypass

Adequate preparation is crucial for ensuring patient safety during the CPB procedure.
The NAM regards patient safety as “indistinguishable from the delivery of quality health
care” and defines it as “the prevention of harm to patients” [42]. Indeed, safety is the
foundation upon which all other aspects of care must be built [43].

European guidelines recommend using an institution-approved pre-CPB checklist dur-
ing setup, before CPB initiation, throughout the perioperative period (weaning from CPB,
post-CPB, emergent reinstitution of CPB), and during any other procedure or technique per-
formed by clinical perfusionists. Additionally, it is advised to acknowledge the completion
of the perfusion checklist during the surgical safety checklist “time out” procedure.

It is important to note that the guidelines emphasize that the effective use of checklists
must be supported by additional safety features, such as multidisciplinarity, teamwork,
professional communication, managerial support, and a culture of free safety and adverse
incident reporting [7]. Of note, the document provides these checklists, which can be easily
modified to suit an institution’s specific working environment.

Lastly, preoperative patient assessment in preparation for CPB is an essential factor
that has been shown to positively impact outcomes [44,45]. The perfusionist must be
well-informed about the patient’s overall condition, any coexisting diseases, the scope of
the operation, and the comprehensive surgical procedure plan before initiating CPB. It is
crucial that the written and/or electronic assessment document is incorporated into the
patient’s medical record for proper documentation and reference [46].

2.7. Procedures during Cardiopulmonary Bypass

During CPB, a multitude of specific management strategies must be employed to main-
tain parameters approximating normal physiology, thereby ensuring optimal end-organ
function, general anesthesia, pain management, and anticoagulation. Table 1 delineates the
absolutely recommended and non-recommended procedures during CPB and indicates the
corresponding level of evidence substantiating each statement. This section includes the
addition of 25 Class IIa and 15 Class IIb recommendations for procedures or interventions
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that may be appropriate for the majority or individual patients. The benefits largely or mod-
erately outweigh the given risks, but more evidence is needed before these interventions
can become the standard of care. When these recommendations are applied in close collab-
oration with anesthesiologists and cardiac surgeons, they present a significant opportunity
to enhance CPB practices and improve both short- and long-term patient outcomes.

Table 1. Recommended and not-recommended procedures during cardiopulmonary bypass.

Class of Recommendation: I
(Recommended/Indicated: Benefit>>>Risk) LoE 1

Class of Recommendation: III
(Not Recommended: No Benefit or No
Harm)

LoE 1

Carbon dioxide flush
It is recommended that CO2 flush of the CPB circuit
before priming be established as the standard of care to
reduce GME.

B No absolute recommendations exist.

Priming volume

Retrograde and antegrade autologous primings are
recommended as part of a blood conservation strategy
to reduce transfusions.

A

The use of modern low-molecular-weight
starches in priming and non-priming
solutions to reduce bleeding and
transfusions is not recommended.

C

Anticoagulation management
In the absence of individual heparin dosing tools, it is
recommended that ACT tests be performed at regular
intervals based on institutional protocols, and heparin
doses have to be given accordingly.

C No absolute recommendations exist.

Mean arterial blood pressure
It is recommended to adjust the MAP during CPB with
the use of arterial vasodilators (if MAP >80 mm Hg) or
vasoconstrictors (if MAP <50 mm Hg) after checking
and adjusting the depth of anesthesia and assuming
sufficiently targeted pump flow.

A
The use of vasopressors to force the MAP
during CPB at values higher than 80 mm
Hg is not recommended.

B

It is recommended that vasoplegic syndrome during
CPB be treated with a1 adrenergic agonist vasopressors. C No further absolute recommendations.

Pump flow and hemodynamic management
It is recommended that the pump flow rate be
determined before the initiation of CPB based on the
BSA and the planned temperature.

C
No absolute recommendations exist.

GDT is recommended to reduce the rate of
postoperative complications and length of hospital stay. A

Assisted venous drainage

It is recommended that an approved venous reservoir be
used for assisted venous drainage. C

Excessive negative venous pressures are
not recommended due to the deleterious
hemolytic effects.

B

It is recommended that the venous line pressure be
monitored when using assisted venous drainage. C No further recommendations.

Transfusion management
It is recommended that PRBCs be transfused during
CPB if the Hb value is <6.0 g/dl. C PRBCs should not be transfused during

CPB if the HCT is >24%. C

It is recommended that antithrombin concentrate to be
used instead of FFP to treat antithrombin deficiency to
improve heparin sensitivity.

B
FFP should not be used prophylactically
during CPB to reduce perioperative
blood loss.

B

Myocardial protection
It is recommended that patient-centred myocardial
protective strategies be used based on clinical condition
and procedural complexity rather than on the use of a
fixed institutional cardioplegic solution.

C No absolute recommendations exist.
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Table 1. Cont.

Class of Recommendation: I
(Recommended/Indicated: Benefit>>>Risk) LoE 1

Class of Recommendation: III
(Not Recommended: No Benefit or No
Harm)

LoE 1

Lung protection

No absolute recommendations.
Leucocyte filtration and hyperoxia are
not recommended for protecting the
lungs during CPB.

A

Pharmacological management

No absolute recommendations.
Routine use of prophylactic intravenous
corticosteroids is not recommended
during cardiac surgery.

A

Emergent institution and reinstitution of CPB
It is recommended that a set-up CPB circuit be available
at all times for emergent procedures. C

No absolute recommendations exist.
After the patient is weaned from CPB, it is
recommended that the CPB circuit be kept functional
until the patient’s chest has been closed.

C

1 Level of evidence. BSA: body surface area; CO2: carbon dioxide; CPB: cardiopulmonary bypass; GDT:
goal-directed hemodynamic therapy; GME: gaseous microemboli; FFP: fresh frozen plasma; Hb: hemoglobin;
HCT: hematocrit; MAP: mean arterial pressure; PRBCs: packed red blood cells.

2.8. Separation from Cardiopulmonary Bypass

Weaning a patient from CPB entails achieving adequate circulation, oxygenation, and
organ perfusion without the need for ongoing CPB assistance. Safe and successful weaning
represents a complex multidisciplinary process, in which various team members collaborate
to facilitate the transition from complete mechanical circulatory and respiratory support
provided by CPB to the patient’s own heart and lungs. As such, proper training, effective
communication, and thorough planning among all healthcare professionals involved in the
procedure are crucial during the weaning period to swiftly respond to and appropriately
resolve any medical or technical issue [47]. However, conducting research and offering
practical recommendations on optimal reperfusion time and strategy following ischemic
cardiac arrest is challenging due to ethical concerns. Decisions regarding these matters
must be made on an individual, case-by-case basis, and necessitate close collaboration
among clinical perfusionists, surgeons, and anesthesiologists.

Conversely, most institutions utilize a standardized weaning protocol and/or checklist
during the initial attempt to wean from CPB’s mechanical support. While no specific studies
have been conducted to confirm the impact of weaning checklists on clinical outcomes
in clinical perfusion, lessons learned from the anesthesia field can be extrapolated to
support a strong recommendation for their routine use prior to the weaning process in
order to improve performance and patient safety [47,48]. As a result, the TF has suggested
a weaning checklist based on best practice standards as supplementary material, which can
be promptly integrated into daily practice.

2.8.1. Hemodynamic Monitoring and the Use of Positive Inotropes

A considerable amount of evidence indicates that the pulmonary artery catheter (PAC),
newer minimally invasive hemodynamic monitors, and transesophageal echocardiography
(TEE) can significantly contribute to successful weaning from CPB and often influence
cardiac surgical decisions [49]. In accordance with the recommendations put forth by
representative anesthesia societies, expert documents endorse the use of intraoperative
TEE in virtually all heart and thoracic aortic surgeries, unless a clear contraindication
exists [50,51]. Proper training is essential to avoid major TEE-associated complications,
which are estimated to occur in less than 0.1% of cases [52]. Similarly, the use of PAC may
be indicated in selected challenging cases, with the benefits and risks balanced according
to a specific patient’s condition [53].
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Inotropes and vasopressors are crucial treatments for reducing mortality in cardiac
surgery patients with hemodynamic instability. Moreover, using phosphodiesterase in-
hibitors can enhance the success of weaning from heart–lung machines [54]. However,
levosimendan is only conditionally recommended for hard-to-wean patients. This rec-
ommendation is based on a number of recent, well-designed studies that have failed to
demonstrate any survival benefits associated with the prophylactic use of levosimendan in
patients with low left ventricular ejection fraction or low cardiac output syndrome [55,56].
Consequently, it is not advised to use levosimendan prophylactically to lower the risk of
complications and death. Moreover, it is not recommended to combine levosimendan with
other inotropes or vasopressors [57].

2.8.2. Residual Blood Management

Re-transfusing the residual volume from the heart–lung machine (CPB) circuit at the
end of a procedure is a key part of blood conservation strategies. This helps minimize
the need for blood transfusions from donors and their associated risks. However, the
most effective method for handling the CPB circuit’s residual volume remains to be seen
due to varying results from different studies [58,59]. Despite the lack of robust evidence,
considering the risk–benefit ratio, the TF recommends re-transfusing the processed residual
volume of the CPB circuit at the end of the procedure. This approach aims to reduce
bleeding and transfusion-related complications after surgery.

3. Conclusions

The first-ever collaborative effort from three representative societies, involved in
various interconnected aspects of patient care, has led to 113 best-practice recommendations
for CPB procedures from a European perspective. Out of these, 43 (38%) are Class I, 32%
Class IIa, 19% Class IIb, and 10% Class III recommendations. The Task Force also provides
several practical tools such as a preoperative assessment form, monitoring parameters, a pre-
CPB checklist, and a weaning checklist to assist perfusionists in their daily tasks. However,
only 6% of the recommendations are backed by the highest-class Level of Evidence, A,
while 50% are supported by Level B and 44% by Level C Evidence.

Knowledge gaps exist in nearly every area of the CPB management. Addressing these
open questions is crucial to enhancing our collective understanding and enabling future
updates to guidelines. Despite this, the current recommendations significantly strive to
optimize and standardize CPB techniques worldwide. Incorporating these guidelines into
hospital protocols and evaluating their impact on patient outcomes is a shared responsibility
for healthcare professionals, managers, and policymakers involved in treating patients
undergoing cardiac surgery with CPB. This approach leads to better patient care.

Author Contributions: M.M. prepared the manuscript, while A.N., I.P. and M.B. contributed addi-
tional information. M.P. revised the manuscript, and G.M. and S.J. supervised the article’s preparation.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We are grateful to Zeljko Vidakovic, CCP, for sharing his expertise and engaging
in valuable discussions on various aspects of clinical perfusion practice. Furthermore, our thanks
extend to the Dedinje Cardiovascular Institute and the Center of Excellence at the Dedinje Institute
for their unwavering support and commitment to research.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.



J. Cardiovasc. Dev. Dis. 2023, 10, 296 12 of 14

References
1. Graham, R.; Mancher, M.; Miller Wolman, D.; Greenfield, S.; Steinberg, E. (Eds.) Institute of Medicine (US) Committee on Standards

for Developing Trustworthy Clinical Practice Guidelines; Clinical Practice Guidelines We Can Trust: Washington, DC, USA, 2011.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK209532/ (accessed on 1 July 2023).

2. The Periodic Health Examination. Canadian Task Force on the Periodic Health Examination. Can. Med. Assoc. J. 1979, 121,
1193–1254.

3. Sackett, D.L. Rules of evidence and clinical recommendations on the use of antithrombotic agents. Chest 1989, 95 (Suppl. 2), 2S–4S.
[CrossRef] [PubMed]

4. Hiratzka, L.F.; Creager, M.A.; Isselbacher, E.M.; Svensson, L.G.; Nishimura, R.A.; Bonow, R.O.; Guyton, R.A.; Sundt, T.M., III;
Halperin, J.L.; Levine, G.N.; et al. Surgery for Aortic Dilatation in Patients with Bicuspid Aortic Valves: A Statement of
Clarification From the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
J. Am. Coll. Cardiol. 2016, 67, 724–731. [CrossRef] [PubMed]

5. Sousa-Uva, M.; Head, S.J.; Thielmann, M.; Cardillo, G.; Benedetto, U.; Czerny, M.; Dunning, J.; Castella, M.; Gudbjartsson, T.;
Howell, N.; et al. Methodology manual for European Association for Cardio-Thoracic Surgery (EACTS) clinical guidelines. Eur. J.
Cardio-Thorac. Surg. 2015, 48, 809–916. [CrossRef]

6. Higgins, J.P.T.T.J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic Reviews of
Interventions Version 6.2 (Updated February 2021); Cochrane: London, UK, 2021; Available online: https://www.training.cochrane.
org/handbook (accessed on 1 July 2023).

7. Wahba, A.; Milojevic, M.; Boer, C.; De Somer, F.M.J.J.; Gudbjartsson, T.; van den Goor, J.; Jones, T.J.; Lomivorotov, V.; Merkle,
F.; Ranucci, M.; et al. 2019 EACTS/EACTA/EBCP guidelines on cardiopulmonary bypass in adult cardiac surgery. Eur. J.
Cardio-Thorac. Surg. 2019, 57, 210–251. [CrossRef]

8. Pagano, D.; Milojevic, M.; Meesters, M.I.; Benedetto, U.; Bolliger, D.; von Heymann, C.; Jeppsson, A.; Koster, A.; Osnabrugge, R.L.;
Ranucci, M.; et al. 2017 EACTS/EACTA Guidelines on patient blood management for adult cardiac surgery. Eur. J. Cardiothorac.
Surg. 2018, 53, 79–111. [CrossRef]

9. Lorusso, R.; Whitman, G.; Milojevic, M.; Raffa, G.; McMullan, D.M.; Boeken, U.; Haft, J.; Bermudez, C.A.; Shah, A.S.; D’Alessandro,
D.A. 2020 EACTS/ELSO/STS/AATS expert consensus on post-cardiotomy extracorporeal life support in adult patients. Eur. J.
Cardiothorac. Surg. 2021, 59, 12–53. [CrossRef]

10. Bauer, A.; Benk, C.; Thiele, H.; Bauersachs, J.; Dittrich, S.; Dähnert, I.; Beckmann, A. Qualification, knowledge, tasks and
responsibilities of the clinical perfusionist in Germany. Interact. CardioVascular Thorac. Surg. 2020, 30, 661–665. [CrossRef]

11. Paugh, T.A.; Dickinson, T.A.; Theurer, P.F.; Bell, G.F.; Shann, K.G.; Baker, R.A.; Mellas, N.B.; Prager, R.L.; Likosky, D.S. Validation
of a perfusion registry: Methodological approach and initial findings. J. Extra-Corpor. Technol. 2012, 44, 104–115.

12. DioDato, C.P.; Likosky, D.S.; DeFoe, G.R.; Groom, R.C.; Shann, K.G.; Krumholz, C.F.; Warren, C.S.; Pieroni, J.W.; Benak, A.;
McCusker, K.; et al. Cardiopulmonary bypass recommendations in adults: The northern New England experience. J. Extra-Corpor.
Technol. 2008, 40, 16–20.

13. Wahr, J.A.; Prager, R.L.; Abernathy, J.H., 3rd; Martinez, E.A.; Salas, E.; Seifert, P.C.; Groom, R.C.; Spiess, B.D.; Searles, B.E.; Sundt,
T.M., III; et al. Patient safety in the cardiac operating room: Human factors and teamwork: A scientific statement from the
American Heart Association. Circulation 2013, 128, 1139–1169. [CrossRef] [PubMed]

14. Australian and New Zealand College of Anaesthetists: Regulations and Guidelines for Perfusionists. Available online: http:
//isect.org/images/media/pdfs/anzcp-regulations-guidelines-for-perfusionist.pdf (accessed on 21 March 2021).

15. American Society of Extracorporeal Technology: Standards and Guidelines for Perfusion Practice. Available online: http:
//www.amsect.org/p/cm/ld/fid=1617 (accessed on 21 March 2021).

16. Svenmarker, S.; Häggmark, S.; Östman, M.; Holmgren, A.; Näslund, U. Central venous oxygen saturation during cardiopulmonary
bypass predicts 3-year survival. Interact. Cardiovasc. Thorac. Surg. 2012, 16, 21–26. [CrossRef] [PubMed]

17. Ottens, J.; Tuble, S.C.; Sanderson, A.J.; Knight, J.L.; Baker, R.A. Improving cardiopulmonary bypass: Does continuous blood gas
monitoring have a role to play? J. Extra. Corpor. Technol. 2010, 42, 191–198.

18. Mejak, B.L.; Stammers, A.; Rauch, E.; Vang, S.; Viessman, T. A retrospective study on perfusion incidents and safety devices.
Perfusion 2000, 15, 51–61. [CrossRef] [PubMed]

19. Charrière, J.-M.; Pélissié, J.; Verd, C.; Léger, P.; Pouard, P.; De Riberolles, C.; Menestret, P.; Hittinger, M.-C.; Longrois, D. Survey:
Retrospective survey of monitoring/safety devices and incidents of cardiopulmonary bypass for cardiac surgery in France.
J. Extra-Corpor. Technol. 2007, 39, 142–157.

20. McMullan, V.; Alston, R.; Tyrrell, J.; Alston, R. Volatile anaesthesia during cardiopulmonary bypass. Perfusion 2015, 30, 6–16.
[CrossRef] [PubMed]

21. Sommerstein, R.; Hasse, B.; Al, R.S.E.; Sax, H.; Genoni, M.; Schlegel, M.; Widmer, A.F.; Taskforce, T.S.C. Global Health Estimate of
Invasive Mycobacterium chimaera Infections Associated with Heater–Cooler Devices in Cardiac Surgery. Emerg. Infect. Dis. 2018,
24, 576–578. [CrossRef] [PubMed]

22. Svensson, E.; Jensen, E.T.; Rasmussen, E.M.; Folkvardsen, D.B.; Norman, A.; Lillebaek, T. Mycobacterium chimaera in Heater–Cooler
Units in Denmark Related to Isolates from the United States and United Kingdom. Emerg. Infect. Dis. 2017, 23, 507–509. [CrossRef]
[PubMed]

https://www.ncbi.nlm.nih.gov/books/NBK209532/
https://doi.org/10.1378/chest.95.2_Supplement.2S
https://www.ncbi.nlm.nih.gov/pubmed/2914516
https://doi.org/10.1016/j.jacc.2015.11.006
https://www.ncbi.nlm.nih.gov/pubmed/26658475
https://doi.org/10.1093/ejcts/ezv309
https://www.training.cochrane.org/handbook
https://www.training.cochrane.org/handbook
https://doi.org/10.1093/ejcts/ezz267
https://doi.org/10.1093/ejcts/ezx325
https://doi.org/10.1093/ejcts/ezaa283
https://doi.org/10.1093/icvts/ivaa005
https://doi.org/10.1161/CIR.0b013e3182a38efa
https://www.ncbi.nlm.nih.gov/pubmed/23918255
http://isect.org/images/media/pdfs/anzcp-regulations-guidelines-for-perfusionist.pdf
http://isect.org/images/media/pdfs/anzcp-regulations-guidelines-for-perfusionist.pdf
http://www.amsect.org/p/cm/ld/fid=1617
http://www.amsect.org/p/cm/ld/fid=1617
https://doi.org/10.1093/icvts/ivs363
https://www.ncbi.nlm.nih.gov/pubmed/23065747
https://doi.org/10.1177/026765910001500108
https://www.ncbi.nlm.nih.gov/pubmed/10676868
https://doi.org/10.1177/0267659114531314
https://www.ncbi.nlm.nih.gov/pubmed/24732827
https://doi.org/10.3201/eid2403.171554
https://www.ncbi.nlm.nih.gov/pubmed/29460746
https://doi.org/10.3201/eid2303.161941
https://www.ncbi.nlm.nih.gov/pubmed/28035898


J. Cardiovasc. Dev. Dis. 2023, 10, 296 13 of 14

23. Sax, H.; Bloemberg, G.; Hasse, B.; Sommerstein, R.; Kohler, P.; Achermann, Y.; Rössle, M.; Falk, V.; Kuster, S.; Böttger, E.C.; et al.
Prolonged Outbreak of Mycobacterium chimaera Infection After Open-Chest Heart Surgery. Clin. Infect. Dis. 2015, 61, 67–75.
[CrossRef] [PubMed]

24. Leontyev, S.; Borger, M.A.; Legare, J.-F.; Merk, D.; Hahn, J.; Seeburger, J.; Lehmann, S.; Mohr, F.W. Iatrogenic type A aortic
dissection during cardiac procedures: Early and late outcome in 48 patients. Eur. J. Cardio-Thorac. Surg. 2012, 41, 641–646.
[CrossRef]

25. Tunick, P.A.; Kronzon, I. Atheromas of the thoracic aorta: Clinical and therapeutic update. J. Am. Coll. Cardiol. 2000, 35, 545–554.
[CrossRef] [PubMed]

26. Rosenberger, P.; Shernan, S.K.; Löffler, M.; Shekar, P.S.; Fox, J.A.; Tuli, J.K.; Nowak, M.; Eltzschig, H.K. The influence of epiaortic
ultrasonography on intraoperative surgical management in 6051 cardiac surgical patients. Ann. Thorac. Surg. 2008, 85, 548–553.
[CrossRef] [PubMed]

27. Djaiani, G.; Ali, M.; Borger, M.A.; Woo, A.; Carroll, J.; Feindel, C.; Fedorko, L.; Karski, J.; Rakowski, H. Epiaortic scanning modifies
planned intraoperative surgical management but not cerebral embolic load during coronary artery bypass surgery. Anesth. Analg.
2008, 106, 1611–1618. [CrossRef] [PubMed]

28. Mulholland, J.W.; Massey, W.; Shelton, J.C. Investigation and quantification of the blood trauma caused by the combined dynamic
forces experienced during cardiopulmonary bypass. Perfusion 2000, 15, 485–494. [CrossRef]

29. Koster, A.; Böttcher, W.; Merkel, F.; Hetzer, R.; Kuppe, H. The more closed the bypass system the better: A pilot study on the
effects of reduction of cardiotomy suction and passive venting on hemostatic activation during on-pump coronary artery bypass
grafting. Perfusion 2005, 20, 285–288. [CrossRef]

30. Jegger, D.; Horisberger, J.; Jachertz, M.; Seigneul, I.; Tozzi, P.; Delay, D.; Von Segesser, L.K. A Novel Device for Reducing Hemolysis
Provoked by Cardiotomy Suction During Open Heart Cardiopulmonary Bypass Surgery: A Randomized Prospective Study. Artif.
Organs 2007, 31, 23–30. [CrossRef]

31. Casalino, S.; Stelian, E.; Novelli, E.; De Jong, A.; Renzi, L.; Arellano, F.; Mangia, F.; Ricci, I.; Lanzillo, G.; Diena, M.; et al. Reduced
transfusion requirements with a closed cardiopulmonary bypass system. J. Cardiovasc. Surg. 2008, 49, 363–369.

32. Lagny, M.-G.; Blaffart, F.; Hella, D.; Roediger, L.; Lecut, C.; Cheramy-Bien, J.-P.; Hans, G.A.; Koch, J.-N.; Defraigne, J.-O.;
Gothot, A.; et al. Efficacy of the RemoweLL cardiotomy reservoir for fat and leucocyte removal from shed mediastinal blood:
A randomized controlled trial. Perfusion 2016, 31, 544–551. [CrossRef]

33. Issitt, R.W.; Harvey, I.; Walsh, B.; Voegeli, D. Quantification of Lipid Filtration and the Effects on Cerebral Injury During
Cardiopulmonary Bypass. Ann. Thorac. Surg. 2017, 104, 884–890. [CrossRef]

34. Segers, P.A.; Heida, J.F.; De Vries, I.; Maas, C.; Boogaart, A.J.; Eilander, S. Clinical evaluation of nine hollow-fibre membrane
oxygenators. Perfusion 2001, 16, 95–106. [CrossRef]

35. Keyser, A.; Hilker, M.K.; Diez, C.; Philipp, A.; Foltan, M.; Schmid, C. Prospective Randomized Clinical Study of Arterial Pumps
Used for Routine on Pump Coronary Bypass Grafting. Artif. Organs 2011, 35, 534–542. [CrossRef] [PubMed]

36. Scott, D.A.; Silbert, B.S.; Doyle, T.J.; Blyth, C.; Borton, M.C.; O’Brien, J.L.; Horne, D.J.D.L. Centrifugal versus roller head pumps for
cardiopulmonary bypass: Effect on early neuropsychologic outcomes after coronary artery surgery. J. Cardiothorac. Vasc. Anesth.
2002, 16, 715–722. [CrossRef] [PubMed]

37. Padayachee, T.; Parsons, S.; Theobold, R.; Gosling, R.; Deverall, P. The Effect of Arterial Filtration on Reduction of Gaseous
Microemboli in the Middle Cerebral Artery During Cardiopulmonary Bypass. Ann. Thorac. Surg. 1988, 45, 647–649. [CrossRef]

38. Sahlman, A.; Ahonen, J.; Salo, J.A.; Rämö, O.J. No impact of a leucocyte depleting arterial line filter on patient recovery after
cardiopulmonary bypass. Acta Anaesthesiol. Scand. 2001, 45, 558–563. [CrossRef] [PubMed]

39. Loberg, A.G.; Stallard, J.; Dunning, J.; Dark, J. Can leucocyte depletion reduce reperfusion injury following cardiopulmonary
bypass? Interact Cardiovasc. Thorac. Surg. 2011, 12, 232–237. [CrossRef] [PubMed]

40. Ranucci, M.; Balduini, A.; Ditta, A.; Boncilli, A.; Brozzi, S. A systematic review of biocompatible cardiopulmonary bypass circuits
and clinical outcome. Ann. Thorac. Surg. 2009, 87, 1311–1319. [CrossRef]

41. Landis, R.C.; Brown, J.R.; Fitzgerald, D.; Likosky, D.S.; Shore-Lesserson, L.; Baker, R.A.; Hammon, J.W. Attenuating the Systemic
Inflammatory Response to Adult Cardiopulmonary Bypass: A Critical Review of the Evidence Base. J. Extra-Corpor. Technol. 2014,
46, 197–211.

42. Institute of Medicine (US) Committee on Data Standards for Patient Safety. Patient Safety: Achieving a New Standard for Care;
Aspden, P., Corrigan, J.M., Wolcott, J., Erickson, S.M., Eds.; National Academies Press: Washington, DC, USA, 2004.

43. Institute of Medicine (US) Committee on Quality of Health Care in America. Crossing the Quality Chasm: A New Health System for
the 21st Century; National Academies Press: Washington, DC, USA, 2001.

44. Silvay, G.; Zafirova, Z. Ten Years Experiences With Preoperative Evaluation Clinic for Day Admission Cardiac and Major Vascular
Surgical Patients: Model for “Perioperative Anesthesia and Surgical Home”. Semin. Cardiothorac. Vasc. Anesth. 2016, 20, 120–132.
[CrossRef] [PubMed]

45. Kluger, M.T.; Tham, E.J.; Coleman, N.A.; Runciman, W.B.; Bullock, M.F.M. Inadequate pre-operative evaluation and preparation:
A review of 197 reports from the Australian Incident Monitoring Study. Anaesthesia 2000, 55, 1173–1178. [CrossRef]

46. Ausset, S.; Bouaziz, H.; Brosseau, M.; Kinirons, B.; Benhamou, D. Improvement of information gained from the pre-anaesthetic
visit through a quality-assurance programme. Br. J. Anaesth. 2002, 88, 280–283. [CrossRef]

https://doi.org/10.1093/cid/civ198
https://www.ncbi.nlm.nih.gov/pubmed/25761866
https://doi.org/10.1093/ejcts/ezr070
https://doi.org/10.1016/S0735-1097(99)00604-X
https://www.ncbi.nlm.nih.gov/pubmed/10716454
https://doi.org/10.1016/j.athoracsur.2007.08.061
https://www.ncbi.nlm.nih.gov/pubmed/18222262
https://doi.org/10.1213/ane.0b013e318172b044
https://www.ncbi.nlm.nih.gov/pubmed/18499587
https://doi.org/10.1177/026765910001500603
https://doi.org/10.1191/0267659105pf817oa
https://doi.org/10.1111/j.1525-1594.2007.00336.x
https://doi.org/10.1177/0267659116649427
https://doi.org/10.1016/j.athoracsur.2017.02.022
https://doi.org/10.1177/026765910101600203
https://doi.org/10.1111/j.1525-1594.2010.01120.x
https://www.ncbi.nlm.nih.gov/pubmed/21269302
https://doi.org/10.1053/jcan.2002.128413
https://www.ncbi.nlm.nih.gov/pubmed/12486652
https://doi.org/10.1016/S0003-4975(10)64768-6
https://doi.org/10.1034/j.1399-6576.2001.045005558.x
https://www.ncbi.nlm.nih.gov/pubmed/11309004
https://doi.org/10.1510/icvts.2010.257568
https://www.ncbi.nlm.nih.gov/pubmed/21123198
https://doi.org/10.1016/j.athoracsur.2008.09.076
https://doi.org/10.1177/1089253215619236
https://www.ncbi.nlm.nih.gov/pubmed/26620138
https://doi.org/10.1046/j.1365-2044.2000.01725.x
https://doi.org/10.1093/bja/88.2.280


J. Cardiovasc. Dev. Dis. 2023, 10, 296 14 of 14

47. Petrik, E.W.; Ho, D.; Elahi, M.; Ball, T.R.; Hofkamp, M.P.; Wehbe-Janek, H.; Culp, W.C.; Villamaria, F.J. Checklist Usage Decreases
Critical Task Omissions When Training Residents to Separate From Simulated Cardiopulmonary Bypass. J. Cardiothorac. Vasc.
Anesth. 2014, 28, 1484–1489. [CrossRef] [PubMed]

48. Bruppacher, H.R.; Alam, S.K.; LeBlanc, V.R.; Latter, D.; Naik, V.N.; Savoldelli, G.L.; Mazer, C.D.; Kurrek, M.M.; Joo, H.S.
Simulation-based training improves physicians’ performance in patient care in high-stakes clinical setting of cardiac surgery.
Anesthesiology 2010, 112, 985–992. [CrossRef]

49. Eltzschig, H.K.; Rosenberger, P.; Löffler, M.; Fox, J.A.; Aranki, S.F.; Shernan, S.K. Impact of intraoperative transesophageal
echocardiography on surgical decisions in 12,566 patients undergoing cardiac surgery. Ann. Thorac. Surg. 2008, 85, 845–852.
[CrossRef] [PubMed]

50. Hahn, R.T.; Abraham, T.; Adams, M.S.; Bruce, C.J.; Glas, K.E.; Lang, R.M.; Reeves, S.T.; Shanewise, J.S.; Siu, S.C.; Stewart, W.; et al.
Guidelines for Performing a Comprehensive Transesophageal Echocardiographic Examination: Recommendations from the
American Society of Echocardiography and the Society of Cardiovascular Anesthesiologists. J. Am. Soc. Echocardiogr. 2014, 26,
921–964. [CrossRef] [PubMed]

51. American Society of Anesthesiologists and Society of Cardiovascular Anesthesiologists Task Force on Transesophageal Echocar-
diography. Practice guidelines for perioperative transesophageal echocardiography: An updated report by the American Society
of Anesthesiologists and the Society of Cardiovascular Anesthesiologists Task Force on Transesophageal Echocardiography.
Anesthesiology 2010, 112, 1084–1096. [CrossRef] [PubMed]

52. Ramalingam, G.; Choi, S.; Agarwal, S.; Kunst, G.; Gill, R.; Fletcher, S.N.; Klein, A.A.; Shashidaran, P.; Waghmare, K.;
Kadayam, R.; et al. Complications related to peri-operative transoesophageal echocardiography—A one-year prospective national
audit by the Association of Cardiothoracic Anaesthesia and Critical Care. Anaesthesia 2020, 75, 21–26. [CrossRef]

53. Brovman, E.Y.; Gabriel, R.A.; Dutton, R.P.; Urman, R.D. Pulmonary Artery Catheter Use During Cardiac Surgery in the United
States, 2010 to 2014. J. Cardiothorac. Vasc. Anesth. 2016, 30, 579–584. [CrossRef]

54. Kikura, M.; Sato, S. The efficacy of preemptive Milrinone or Amrinone therapy in patients undergoing coronary artery bypass
grafting. Anesth. Analg. 2002, 94, 22–30. [CrossRef]

55. Mehta, R.H.; Leimberger, J.D.; van Diepen, S.; Meza, J.; Wang, A.; Jankowich, R.; Harrison, R.W.; Hay, D.; Fremes, S.; Duncan,
A.; et al. Levosimendan in Patients with Left Ventricular Dysfunction Undergoing Cardiac Surgery. N. Engl. J. Med. 2017, 376,
2032–2042. [CrossRef]

56. Cholley, B.; Caruba, T.; Grosjean, S.; Amour, J.; Ouattara, A.; Villacorta, J.; Miguet, B.; Guinet, P.; Lévy, F.; Squara, P.; et al. Effect of
levosimendan on low cardiac output syndrome in patients with low ejection fraction undergoing coronary artery bypass grafting
with cardiopulmonary bypass: The LICORN randomized clinical trial. JAMA 2017, 318, 548–556. [CrossRef]

57. Landoni, G.; Lomivorotov, V.V.; Alvaro, G.; Lobreglio, R.; Pisano, A.; Guarracino, F.; Calabrò, M.G.; Grigoryev, E.V.; Likhvantsev,
V.V.; Zangrillo, A. Levosimendan for Hemodynamic Support after Cardiac Surgery. N. Engl. J. Med. 2017, 376, 2021–2031.
[CrossRef] [PubMed]

58. Eichert, I.; Isgro, F.; Kiessling, A.H.; Saggau, W. Cell Saver, Ultrafiltration and Direct Transfusion: Comparative Study of Three
Blood Processing Techniques. Thorac. Cardiovasc. Surg. 2001, 49, 149–152. [CrossRef] [PubMed]

59. Vonk, A.B.; Muntajit, W.; Bhagirath, P.; van Barneveld, L.J.; Romijn, J.W.; de Vroege, R.; Boer, C. Residual blood processing by
centrifugation, cell salvage or ultrafiltration in cardiac surgery: Effects on clinical hemostatic and ex-vivo rheological parameters.
Blood Coagul. Fibrinolysis 2012, 23, 622–628. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1053/j.jvca.2014.05.011
https://www.ncbi.nlm.nih.gov/pubmed/25277642
https://doi.org/10.1097/ALN.0b013e3181d3e31c
https://doi.org/10.1016/j.athoracsur.2007.11.015
https://www.ncbi.nlm.nih.gov/pubmed/18291154
https://doi.org/10.1016/j.echo.2013.07.009
https://www.ncbi.nlm.nih.gov/pubmed/23998692
https://doi.org/10.1097/ALN.0b013e3181c51e90
https://www.ncbi.nlm.nih.gov/pubmed/20418689
https://doi.org/10.1111/anae.14734
https://doi.org/10.1053/j.jvca.2015.11.012
https://doi.org/10.1213/00000539-200201000-00005
https://doi.org/10.1056/NEJMoa1616218
https://doi.org/10.1001/jama.2017.9973
https://doi.org/10.1056/NEJMoa1616325
https://www.ncbi.nlm.nih.gov/pubmed/28320259
https://doi.org/10.1055/s-2001-14291
https://www.ncbi.nlm.nih.gov/pubmed/11432472
https://doi.org/10.1097/MBC.0b013e328356d2cc
https://www.ncbi.nlm.nih.gov/pubmed/22828598

	Introduction 
	European Guidelines for Safe Cardiopulmonary Bypass in Adult Patients 
	Guideline Development Process 
	Scope of the Guideline 
	Training, Education, and Service Delivery 
	Heart–Lung Machine Hardware 
	Console with Pumps and Holders 
	Monitoring 
	Safety Features 
	Oxygen and Air, Carbon Dioxide, and Volatile Anesthetic Supply 
	Heater–Cooler Unit 

	Disposables for the Conduct of Cardiopulmonary Bypass 
	Cannulas 
	Venting and Suction Devices 
	Reservoirs 
	Oxygenators 
	Pumps 
	Filters 
	Material and Surface Treatments 

	Preparation for Cardiopulmonary Bypass 
	Procedures during Cardiopulmonary Bypass 
	Separation from Cardiopulmonary Bypass 
	Hemodynamic Monitoring and the Use of Positive Inotropes 
	Residual Blood Management 


	Conclusions 
	References

