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Disclaimer: A clinical guideline aims to apply to all patients with a specific condition. However, 

there will inevitably be situations where its recommendations aren't suitable for a particular 

patient. While healthcare professionals and others are encouraged to consider these 

guidelines in their professional judgment, they don't override the responsibility of healthcare 

professionals to make decisions tailored to each patient's unique circumstances. Such 

decisions should be aligned with the latest official recommendations, guidelines from relevant 

public health authorities, and applicable rules and regulations. It's important that these 

decisions are made in collaboration with, and agreed upon by, the patient and/or their 

guardian or carer.   
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Graphical Abstract 
 

 
 

Central Illustration. Multidisciplinary patient blood management approach.  

CPB: cardiopulmonary bypass; DAPT: dual antiplatelet therapy; DDAVP: desmopressin; FFP: 

fresh-frozen plasma; PCC: prothrombin complex concentrate; POC: point-of-care; PRBCs: 

packed red blood cells. 

 

Keywords: Guidelines, cardiac surgery, patient blood management, haemostasis, blood 

transfusion, bleeding, anticoagulation, coagulation factors, evidence based practice 
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Abbreviations and acronyms 

ACS: Acute coronary syndrome 

ACT: Activated clotting time 

AFib: Atrial fibrillation 

AKI: Acute kidney injury 

ANH: Acute normovolaemic haemodilution 

aPTT: Activated partial thromboplastin time 

ASA: Acetylsalicylic acid  

AT: Antithrombin 

ATACAS:  Aspirin and Tranexamic Acid for Coronary Artery Surgery  

AVR: Aortic valve replacement 

BSA: Body surface area 

CABG: Coronary artery bypass grafting 

CI: Confidence interval 

CPB: Cardiopulmonary bypass 

CS: Cell salvage 

DAPT: Dual antiplatelet therapy  

DDAVP: Desmopressin 

dMCS: Durable mechanical circulatory support 

DOAC: Direct oral anticoagulant 

DTI: Direct thrombin inhibitor 

EACA: Epsilon-aminocaproic acid 

EACTAIC: European Association of Cardiothoracic Anaesthesiology and Intensive Care 

EACTS: European Association for Cardio-Thoracic Surgery  

EBCP: European Board of Cardiovascular Perfusion 

eGFR: Estimated glomerular filtration rate 

EPO: Erythropoietin 

Factor XIII: FXIII 

FFP: Fresh frozen plasma  

FXa: activated factor X 

FXIII: Factor XIII 

GDT: Goal-directed therapy  
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GPIIb/IIIa: Glycoprotein IIb/IIIa 

Hb: Haemoglobin 

HCT: Haematocrit 

HES: Hydroxyethyl starch 

HIT: Heparin-induced thrombocytopenia  

IABP: Intra-aortic balloon pump 

ICU: Intensive care unit 

INR: International normalized ratio 

JW:  Jehovah's Witness  

LMWH: Low-molecular-weight heparin  

LVAD: Left ventricular assist device 

MCS: Mechanical circulatory support 

MHVs: Mechanical heart valves 

MI: Myocardial infarction 

MiECC: Minimally invasive extracorporeal circulation  

OAC: Oral anticoagulant 

OR: Odds ratio 

PABD: Preoperative autologous blood donation 

PBM: Patient blood management 

PCC: Prothrombin complex concentrate 

PC-ECLS: Post-cardiotomy extracorporeal life support 

PE: Pulmonary embolism 

PF4: Platelet factor 4 

PLTC: Platelet concentrate 

POC: Point-of-care (coagulation testing) 

PRBC: Packed red blood cells 

PSM: Propensity score matching 

PT: Prothrombin time 

RAP: Retrograde autologous priming  

RBC:  red blood cell 

RCT: Randomized controlled trial 

rFVIIa: Recombinant factor VIIa  
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ROTEM: Rotational thromboelastometry 

RR: Risk ratio 

TEG: Thromboelastography 

TEM: Thromboelastometry 

tMCS: Temporary mechanical circulatory support 

TRALI: Transfusion-related acute lung injury 

TRICS III: Transfusion Requirements in Cardiac Surgery III  

TRIM: Transfusion-related immune modulation 

TXA: Tranexamic acid 

UFH: Unfractionated heparin 

VKA: Vitamin K antagonist 

VTE: venous thromboembolism 

WHO: World Health Organization  
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Preamble 

 

These guidelines are dedicated to the memory of Dr. Blanca Martinez Lopez de Arroyabe, 

who served as the co-chair of the task force until January 2024 and passed away during the 

course of this work. 

 

Clinical practice guidelines consolidate and evaluate all pertinent evidence available at their 

time of formulation on a specific topic, the goal being to assist physicians in determining the 

most effective management strategies for patients with a particular condition. These 

guidelines assess the impact on patient outcomes and weigh the risk–benefit ratio of various 

diagnostic or therapeutic approaches. Although not a replacement for textbooks, they provide 

supplementary information on topics relevant to current clinical practice, becoming an 

essential tool to support physicians' decision making in daily practice. Nonetheless, it is crucial 

to understand that these recommendations are intended to guide but not dictate clinical 

practice; they should be adapted to each patient's unique needs. Clinical situations vary, 

presenting a diverse array of variables and circumstances. Thus, the guidelines are meant to 

inform, not replace, the clinical judgement of physicians, which is grounded in their 

professional knowledge, experience and comprehension of the patient's specific context. 

Moreover, these guidelines are not to be considered legally binding; the legal duties of health-

care professionals are defined by prevailing laws and regulations, and adherence to these 

guidelines does not modify such responsibilities. 

The European Association for Cardio-Thoracic Surgery (EACTS) and the European 

Association of Cardiothoracic Anaesthesiology and Intensive Care (EACTAIC), in partnership 

with the European Board of Cardiovascular Perfusion (EBCP), created a task force of 

professionals specializing in patient blood management. To ensure transparency and maintain 

integrity, all task force members involved in the development and review of the guidelines 

submitted conflict of interest declarations that were compiled into a single document, which 

is available as supplementary material. Any alterations to these declarations during the 

development process were promptly reported to the EACTS, EACTAIC and EBCP. Funding for 

this task force was provided exclusively by the EACTS and EACTAIC, with no health-care 

industry or other entities involved. 
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Following this collaborative endeavour, the governing bodies of the EACTS, EACTAIC 

and EBCP oversaw the formulation, refinement and endorsement of these extensively revised 

guidelines. An external panel of subject-matter experts thoroughly reviewed the initial draft, 

and their input guided subsequent amendments. After this detailed revision process, the final 

document was ratified by all task force experts and the leadership of the EACTS, EACTAIC and 

EBCP, enabling its publication in the EACTS and the Journal of Cardiothoracic and Vascular 

Anesthesia. 

These guidelines have been endorsed by the EACTS, EACTAIC and EBCP and represent 

their official position on this subject. They demonstrate a dedication to continual 

enhancement, with routine updates planned to ensure that the guidelines remain current and 

valuable in the ever-progressing arena of clinical practice. 
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1. Introduction 

Cardiac surgery is a distinctive surgical discipline that often necessitates the use of 

cardiopulmonary bypass (CPB) and full anticoagulation intraoperatively, along with varying 

levels of antithrombotic treatments both before and after the cardiac procedures. As a result, 

implementing precise anticoagulation strategies and meticulously monitoring reversal 

throughout the perioperative period to re-establish adequate coagulation effects at clinically 

relevant levels is a crucial endeavour in improving outcomes. These procedures are associated 

with an increased incidence of bleeding complications, frequently requiring allogeneic blood 

transfusions, which also are known to have associated short- and long-term risks. 

The goal of the 2017 EACTS/EACTAIC guidelines on patient blood management (PBM) 

for adult cardiac surgery was to provide guidance for optimal patient preparation and for 

intra- and postoperative management (1), leading to recommended management of clinical 

conditions that affect bleeding, thrombosis and transfusion risks. Continuous research has 

since produced a plethora of advancements in the PBM field.  

This document serves as an update to those guidelines, incorporating recent findings 

and technologies. Its goal is to summarize the clinical and scientific bases for the various 

aspects of PBM. Building on previous guidelines and statements that have offered valuable 

insights into modern PBM, these updated guidelines contain specific recommendations that 

reflect European practice. 

A number of chapters were added in order to expand the scope of the application of 

the guidelines, such as haemostatic management in patients requiring temporary (tMCS) and 

durable mechanical circulatory support (dMCS). It is important to note that, due to the content 

specificity, PBM for paediatric cardiac surgery has been covered in a separate document that 

has been developed in parallel with this one. When covering broad topics, such as surgical and 

CPB techniques, the recommendations in these guidelines are focused on PBM aspects, trying 

not to compromise the general procedural approach. 

 

1.1 What is new 

Compared to the 2017 document, this comprehensive revision involves collaboration with 

colleagues from the EBCP and features revisions of all sections based on new available 

evidence as well as the addition of several new chapters. The preoperative management 
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section has been updated to include more precise estimations of bleeding risk and 

adjustments to platelet inhibitor and anticoagulant therapy. Additionally, preoperative 

anaemia now involves a more thorough investigation and timely preoperative intervention. 

The intraoperative management section has been updated to address various CPB 

techniques, anticoagulation management and intravascular volume management. 

Specifically, the approach to perioperative coagulation and transfusion in section 5 has been 

revised to include updates on procoagulant interventions, blood and blood product utilization. 

A new section 6 on postoperative management has been added, covering chest tube 

drainage management, recommendations for postoperative re-exploration, postoperative 

transfusion triggers, resumption of pre-existing antithrombotic therapy and venous 

thromboembolism (VTE) prophylaxis. Additionally, a subsection has been included to address 

specific patient populations requiring special attention, such as patients with haemophilia and 

those who are Jehovah's Witnesses. 

Section 7 introduces comprehensive guidelines on transfusion and haemostatic 

therapy during short- and long-term MCS. This section provides detailed recommendations 

for managing bleeding and thrombotic complications in patients undergoing MCS. It also 

covers the selection of appropriate blood products, the use of anticoagulants and antiplatelet 

agents and the management of coagulation parameters to address the unique challenges 

posed by these circulatory support devices and to ensure optimal outcomes in these high-risk 

patients.  

Finally, section 8 provides recommendations for organizing an institutional 

comprehensive PBM programme, an essential step in the day-to-day implementation of these 

guidelines. 

This document concludes by highlighting areas where knowledge is lacking and 

proposes directions for future research and enhancement strategies in adult cardiac surgery. 

These areas require the attention and collaboration of the entire academic community to 

advance the field and further improve patient outcomes. 
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2. Methodology 

To keep the evidence-based, best-practice guidelines up to date, the EACTS Council, the Board 

of Directors of the EACTAIC and the Scientific Committee of the EBCP regularly review new 

pieces of evidence and revise them based on established standards for the development and 

implementation of clinical practice documents (2). In light of significant advances in the field 

of PBM since the first publication (1) and the fact that most guidelines become obsolete 5 

years after their last revision (3), a comprehensive joint update of the PBM guidelines for adult 

cardiac surgery was deemed necessary. 

A multidisciplinary task force was established to represent a wide range of expertise 

involved in cardiac surgery, selecting specialists from various fields, regions and clinical and 

research settings. The scope of the guidelines was agreed upon by the governing bodies of the 

societies, and the task force members determined the final table of contents. To 

systematically evaluate the latest evidence, the task force conducted a systematic literature 

review using the standardized Population, Intervention, Comparison, Outcome and Time 

(PICOT) questions format, with the help of a medical informatics specialist. The literature 

search included all study types, such as randomized controlled trials (RCTs), registries, 

nonrandomized comparative and descriptive studies, case series, cohort studies, systematic 

reviews and meta-analyses and expert opinions. An initial systematic literature review focused 

on human research published in English from January 2016 and indexed in MEDLINE, EMBASE 

and the Cochrane Library was conducted from September to December 2023 (see search 

strings for each chapter in the supplementary material). Additional studies published after 

December 2023, during the guideline-writing and external validation processes, were also 

considered and included when relevant. The references in this document are representative 

but not exhaustive. The guideline recommendations are, whenever possible, evidence-based 

and primarily derived from RCTs. 

To ensure that the document's development remains unbiased and impartial, task 

force members were required to declare any conflicts of interest before starting the project 

and to inform the co-chairs of EACTS and EACTAIC of any changes until the publication of the 

guideline. Members could only work on recommendations and supporting text if they had no 

relevant conflicts. All chapters were collaboratively written by the members. Each 

recommendation was developed based on the entirety of current scientific and medical 

knowledge, assessing the risks and benefits of the intervention using established methods (see 
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Tables 1 and 2) (2). In areas lacking strong evidence, expert consensus was used to address 

important daily practice issues. Preliminary consensus was reached through conference calls 

and in-person meetings; a minimum of 75% agreement among present members allowed the 

draft recommendations to move forward. The votes on each recommendation were gathered 

via an anonymous electronic survey, along with the corresponding Class of Recommendation 

and Level of Evidence. A consensus was achieved with an 80% response rate and at least 75% 

affirmative votes on each recommendation. Each participating society appointed a peer 

review committee to examine the document, which was then extensively reviewed and 

endorsed for publication by the governing bodies of the EACTS, EACTAIC and EBCP. 

 

Table 1: Levels of evidence 

Level of 
evidence A 

Data derived from multiple randomized clinical trials or meta-
analyses 

Level of 
evidence B 

Data derived from a single randomized clinical trial or from large non-
randomized studies 

Level of 
evidence C 

The consensus of expert opinion and/or small studies, retrospective 
studies and registries 

 

 

Table 2: Classes of recommendations 

Class of recommendations Definition Suggested wording  

Class I Evidence and/or general 
agreement that a given 
treatment or procedure is 
beneficial, useful and 
effective 

Is recommended/is 
indicated 

Class II Conflicting evidence and/or a 
divergence of opinion about 
the usefulness/efficacy of the 
given treatment or procedure 
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  Class IIa Weight of evidence/opinion is 
in favour of 
usefulness/efficacy 

Should be considered 

  Class IIb Usefulness/efficacy is less 
well established by 
evidence/opinion 

May be considered 

Class III Evidence/general agreement 
that the given 
treatment/procedure is not 
useful/effective and may 
sometimes be harmful 

Is not recommended 

 

 

3. Preoperative management 

Proper patient optimization prior to surgery is essential for minimizing the risk of bleeding and 

transfusions. Preoperative strategies should focus on the effective management of 

antithrombotic medications, optimization of haemoglobin (Hb) and platelet levels according 

to patient comorbidities and body surface dimensions, blood conservation and a thorough 

assessment and evaluation of patient haemostatic risk factors, including the presence of 

congenital disorders. 

 

3.1 Strategies for assessing perioperative bleeding and transfusion risks: 

Laboratory and point-of-care tests, risk scores 

A physical examination, preoperative bleeding history and review of medications are the 

foundational elements of preoperative risk assessment (4-6). In addition to these, laboratory 

testing can further clarify the potential side effects of pharmacotherapy (4-6). Building on this 

foundation, the preoperative evaluation of haemostatic blood properties, which includes 

assessing both primary and secondary haemostasis, can be conducted through the history, 

review of medications and physical examination and standard laboratory testing or point-of-

care (POC) viscoelastic and platelet function testing. This approach has been proposed as a 

means to predict bleeding outcomes, such as postoperative bleeding volume and transfusion 

requirements in cardiac surgery. 
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3.1.1 Standard laboratory testing 

The utilization of standard laboratory testing as a preoperative screening tool to stratify 

bleeding risk and identify patients with a high risk of bleeding who are at risk for transfusion(s) 

has been researched and debated. Prothrombin time (PT) or the activated partial 

thromboplastin time (aPTT), as assessed preoperatively, was not found to be associated with 

the amount of perioperative bleeding or transfusion requirements (7-9). Considering standard 

laboratory parameters, a low fibrinogen level was found to be the most commonly identified 

risk factor for the amount of postoperative bleeding and bleeding-related re-exploration (10-

17). However, despite its association with bleeding, the positive predictive value of a low level 

of fibrinogen remains poor (positive predictive value for bleeding > 1000 ml/12 h is as low as 

19% for a fibrinogen level less than 2.5 g/L) (10). A similar association was found for a low 

platelet count and the risk of massive packed red blood cell (PRBC) transfusions (18, 19), and 

patients with the highest postoperative blood loss volumes show the lowest platelet counts 

(8, 19). Furthermore, the association between preoperative fibrinogen levels and severe 

perioperative bleeding has been reported to have a U-shaped relationship (20). Whereas a 

low level of fibrinogen is associated with a high risk of bleeding, a high level of fibrinogen does 

not protect against bleeding risk and could even be a risk factor for perioperative bleeding 

(20). The preoperative haemostatic disorder is usually multifactorial with impaired thrombin 

generation considered as one important contributing factor (21). Platelet dysfunction may 

also impair thrombin generation (21, 22), which leads to excessive bleeding (8, 22, 23). 

Currently, no assays designed specifically to measure thrombin generation are available for 

clinical use (21). A calibrated automated thrombogram is a research-based assay that can 

reliably measure thrombin generation; however, it is used mainly for research purposes, is not 

routinely used in everyday clinical practice and lacks standardization (21). A calibrated 

automated thrombogram cannot measure thrombin generation in whole blood, which 

prevents its use in a POC setting. Next-generation assays are being developed to address this 

drawback and provide reliable POC measures of thrombin generation capacity in whole blood 

(21, 24, 25). 

In summary, a comprehensive preoperative evaluation, including bleeding history, 

medication review and physical examination, is recommended to identify patients at 

increased risk of bleeding. Preoperative fibrinogen levels may also be considered for further 
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risk stratification in selected scenarios. The routine clinical application of thrombin generation 

assays requires further validation through additional studies. 

 

3.1.2 Viscoelastic testing and platelet function tests 

Preoperative assessment of haemostatic parameters using viscoelastic tests, such as 

rotational thromboelastometry (ROTEM) and thromboelastography (TEG), has been found to 

have a limited association with the risk of postoperative bleeding (26, 27). Abnormal 

preoperative platelet function testing has been shown to be associated with an increased risk 

of bleeding complications in patients with and without ongoing or recently stopped dual 

antiplatelet therapy (DAPT) (27-35). Therefore, testing of platelet function may be used to 

guide the timing of cardiac surgery in this group of patients and to determine those who are 

non-responders to the indicated DAPT (31, 36-39). Between 2011 and 2020, a total of 10 meta-

analyses on the effect of the implementation of TEG-/ROTEM-guided bleeding management 

algorithms in cardiovascular surgery have been published (40-49), including 2 Cochrane 

reviews (43, 44). All meta-analyses consistently demonstrated a significant reduction in 

perioperative transfusion requirements for PRBCs, fresh frozen plasma (FFP) and platelet 

concentrates (PLTCs) after the implementation of TEG-/ROTEM-guided bleeding management 

algorithms in cardiovascular surgery (40-50). The latest meta-analysis published by Santos et 

al. (49) (based on 21 RCTs including 8,900 participants) showed a statistically significant 

reduction in mortality [7.3% vs 12.1%; risk ratio (RR) 0.64, 95% confidence interval (CI) 0.43–

0.96) and in the risk of acute kidney injury (AKI) (10.5% vs 17.6%; RR 0.53, 95% CI 0.34–0.83) 

in the TEG-/ROTEM-guided group (49). However, a significant reduction in the risk of AKI could 

only be demonstrated in a subgroup analysis that included ROTEM studies specifically (49). 

This result confirms the findings from the Cochrane meta-analysis published by 

Wikkelsø et al. (44) in 2016 based on 17 studies and 1493 participants. In this meta-analysis, 

8 studies including 717 participants were analysed concerning a primary outcome of mortality 

(44). Mortality in the TEG/ROTEM group was 3.9% vs 7.4% in the control group (RR 0.52, 95% 

CI 0.28–0.95) (44). This meta-analysis also showed fewer participants with dialysis-dependent 

AKI in the ROTEM group (no TEG studies available) (15.5% vs 30.9%; RR 0.46, 95% CI 0.28–

0.76) (44). The meta-analysis published by Serraino et al. (45) in 2017, based on 7 studies, 

reported a reduction in mortality in the TEG/ROTEM group with a similar effect size. The use 

of viscoelastic testing reduced the frequency of severe AKI versus controls with an RR of 0.42 
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(95% CI 0.20–0.86) (45). Again, Li et al. (47) reported that TEG-/ROTEM-guided bleeding 

management reduced mortality in 5 RCTs from 8.9% to 4.4% (RR 0.50, 95% CI 0.26–0.96). The 

avoidance of AKI after cardiac surgery seems to be of significant importance for long-term 

mortality in cardiovascular surgery (51).  

In summary, platelet function testing may be considered to guide the timing of cardiac 

surgery in patients who have recently received P2Y12 inhibitors. Despite the low positive 

predictive values obtained in systematic literature reviews, the low false negative rates for 

predicting bleeding in the early postoperative period may still play an important role in cardiac 

surgical patients. However, the routine clinical application of platelet function testing of all 

patients on antiplatelet therapy requires further validation through additional studies before 

broader clinical use. 

 

3.1.3. Bleeding risk scores 

Numerous scoring methods are available to predict bleeding risk in adult cardiac surgery (14, 

52-57). Although the majority of available scores are designed for the general cardiac surgery 

population (53-56), the "WILL BLEED" and "SHOULD NOT BLEED" scores are focused primarily 

on patients undergoing coronary artery bypass grafting (CABG) (14, 52). The SHOULD-NOT-

BLEED risk score calculator showed an adequate discriminatory ability (area under the curve 

0.72, 95% CI 0.69–0.75), similar to the WILL-BLEED score (area under the curve 0.72, 95% CI 

0.69–0.76), as assessed by receiver operating characteristic curve analysis (14, 52). The 

majority of currently available scores, such as WILL BLEED (52), the ACTION score (58), the 

CRUSADE score (59), the Papworth score (53), the TRUST (Transfusion Risk Understanding 

Scoring Tool) score (54) and the TRACK (Transfusion Risk And Clinical Knowledge) bleeding 

score (55), are designed to identify patients at high risk of bleeding, whereas the SHOULD-

NOT-BLEED score is designed to recognize patients at low risk for bleeding (14). The use of risk 

scores to identify patients at low risk of bleeding may be considered routinely, given the 

relatively low costs, high negative predictive values and low positive predictive values 

reported for predictors of bleeding. 

 

Recommendation Table 1. Recommendations for preoperative assessment, laboratory and 

point-of-care testing to predict perioperative bleeding complications 

Recommendations Classa Levelb Refc 
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Preoperative bleeding history, review of medications and 

physical examination are recommended to identify patients 

at increased risk of bleeding. 

I C  

(4, 5) 

Risk scores may be considered for initial screening to identify 

patients at increased risk of bleeding complications. 

IIb B (14, 52, 57) 

 

Preoperative fibrinogen levels may be considered to stratify 

risk of bleeding. 

IIb B (9, 10, 14-

17) 

 

Platelet function testing may be considered to guide the 

decision on the timing of cardiac surgery in patients who have 

recently received P2Y12 inhibitors. 

IIb B (31, 34-37, 

39) 

 

Routine use of viscoelastic testing or platelet function testing 

is not recommended to predict bleeding. 

III C - 

a Class of recommendation. 
b Level of evidence. 
c References. 

 

3.2 Management of preoperative antiplatelet and anticoagulant drugs 

Antithrombotic therapy is vital for managing various cardiovascular diseases and is also a 

fundamental aspect of secondary prevention following cardiac surgery. Therefore, developing 

strategies that balance the risks of thrombosis and clinically significant bleeding continues to 

be a dynamic area of research, particularly with the introduction of new agents, which are 

designed for wider use without intensive monitoring, and their reversal strategies. Careful 

planning and strategic decision making in anticoagulation management are essential before, 

during and after cardiac surgery (60). This approach is crucial for reducing the risks of bleeding 

and its associated complications, a challenge that is intensified by the widespread use of 

different treatment options. 

 

3.2.1 Acetylsalicylic acid  

Acetylsalicylic acid (ASA) is a fundamental treatment for patients with cardiovascular disease. 

It reduces the risk of thromboembolic complications but increases the risk of bleeding 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 21 

complications. Almost all patients undergoing CABG have already been treated with ASA 

preoperatively. Figure 1 provides an overview of the management of antiplatelet therapy in 

patients undergoing CABG surgery. 

 
Discontinuation before surgery 

A meta-analysis comparing the continuation of ASA administration with placebo or no 

treatment until the operation in patients undergoing CABG included 13 RCTs (n = 2399 

patients) (61). The meta-analysis showed that continuing ASA was associated with a reduced 

risk of perioperative myocardial infarction (MI) [odds ratio (OR) 0.56, 95% CI 0.33–0.96] but 

not a reduced risk of death (OR 1.16, 95% CI 0.42–3.22). ASA was associated with increased 

postoperative blood loss (mean difference 168 ml, 95% CI 39–297 ml; P=0.01), PRBCs (mean 

difference 141 ml, 95% CI, 55–226; P = 0.001) and need for surgical re-exploration (OR 1.85, 

95% CI 1.15–2.96; P = 0.01). A more recent meta-analysis yielded similar results (62). The 

meta-analyses are limited by substantial heterogeneity regarding the duration and timing of 

ASA administration, concomitant use of antifibrinolytics and outcome definitions. 

In patients undergoing CABG who are not already taking ASA or in whom ASA has been 

discontinued, preoperative initiation of ASA is not recommended. In the Aspirin and 

Tranexamic Acid for Coronary Artery Surgery (ATACAS) trial, patients who received 100 mg 

ASA 1 to 2 h before CABG had a similar risk of the composite outcome of death or thrombotic 

complications at 30 days and a similar risk of bleeding compared to those who received 

placebo (63). Because patients were only eligible for inclusion in the trial if they were not using 

ASA or had stopped ASA >4 days before the operation, the findings are difficult to generalize. 

Another RCT demonstrated that preoperative administration of ASA (300 mg) resulted in 

significantly more perioperative blood loss and transfusions compared to placebo but no 

difference in major cardiovascular events during the first 30 days postoperatively (64). 

Discontinuation of ASA is associated with an increased risk of perioperative ischaemic 

events, especially (61, 62) in patients with high-risk coronary artery disease or recent acute 

coronary syndrome (ACS), and must be balanced against an increased risk of surgical bleeding 

and transfusion. Preoperative ASA discontinuation at least 4 days preoperatively should 

therefore only be considered in patients at high bleeding risk (e.g. redo surgery, severe kidney 

disease, haematological disease), those undergoing non-coronary cardiac surgery and in 

patients who refuse a blood transfusion. This finding is substantiated by pharmacodynamic 
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studies indicating sufficient recovery of cyclooxygenase-dependent platelet function within 

the proposed time frame (65-67). 

Early (re)initiation of ASA after CABG, as soon as it is deemed safe but within 24 h, is 

associated with a reduced risk of death and ischaemic complications (68) and should be 

continued lifelong in patients who do not have contraindications to ASA (69). Treatment with 

ASA may also be considered to prevent saphenous vein graft occlusion, based on small RCTs 

and a meta-analysis of 17 RCTs (1,443 patients) based on a mean follow-up time of 7.8 months 

(70). In the meta-analysis, ASA significantly reduced saphenous vein graft occlusion compared 

with no-ASA treatment (OR 0.60, 95% CI 0.51–0.71). A low (75 mg) to medium (325 mg) daily 

dose of ASA initiated within 6 h of CABG appears to be most effective and did not increase 

bleeding (70, 71). 

In summary, there is sufficient evidence to recommend the continuation of ASA before 

cardiac operations, and if discontinued, it should be restarted in all patients undergoing CABG 

to prevent thromboembolic complications as soon as there is no concern about bleeding. 

 

3.2.2. Dual antiplatelet therapy 

Dual antiplatelet therapy with ASA and the P2Y12-receptor antagonist clopidogrel reduces the 

risk of thrombotic complications in patients with ACS, compared with ASA treatment alone, 

as shown in the CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Events) trial (72). 

Later, it was shown that 2 other P2Y12 inhibitors, ticagrelor and prasugrel, more effectively 

reduced thromboembolic events than clopidogrel (73, 74). The duration of DAPT treatment in 

patients with ACS varies depending on the indication and the bleeding risk. Cangrelor, a 

reversible intravenous P2Y12 inhibitor with an ultrashort half-life, has also become available 

(75). 

 

Description of the evidence 

Discontinuation of the P2Y12 inhibitor preoperatively reduces the risk of postoperative 

bleeding, transfusion and re-exploration for bleeding (76). It is therefore recommended to 

discontinue the P2Y12-receptor inhibitors before elective surgery while continuing ASA 

therapy. Alternatively, elective procedures may be postponed until the DAPT treatment 

period is completed. In extremely high-risk patients [e.g. patients with recent percutaneous 

coronary intervention (PCI) with a stent implant], bridging therapy with cangrelor, a reversible 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 23 

intravenous P2Y12 inhibitor with an ultrashort half-life, may be considered (77, 78) (Fig. 1). In 

an RCT, the use of cangrelor compared with placebo resulted in a higher rate of maintenance 

of platelet inhibition without increasing bleeding risk (RR 1.1, 95% CI 0.5–2.5) among 210 

patients who discontinued thienopyridine therapy prior to cardiac surgery (77).  

The discontinuation interval before elective CABG differs among the P2Y12 inhibitors 

due to variations in platelet inhibitory potency and pharmacodynamic and pharmacokinetic 

properties. In the CABG substudy of the CURE (Clopidogrel in Unstable Angina to Prevent 

Recurrent Events) trial, discontinuation of clopidogrel for more than 5 days preoperatively did 

not increase the risk of major bleeding (RR 0.83, 95% CI 0.46–1.48] (79). For prasugrel, a time 

interval of 7 days is recommended due to longer offset time compared with clopidogrel (80) 

and the high incidence of bleeding complications reported in the CABG substudy of the 

TRITON-TIMI 38 trial (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing 

Platelet Inhibition with Prasugrel–Thrombolysis In Myocardial Infarction) (81). For ticagrelor, 

discontinuation at least 3 days before the operation is recommended, based mainly on the 

results from a large observational study in patients who had CABG in whom discontinuation 

of ticagrelor for 3 or 4 days before surgery did not relate to an incidence of bleeding 

complications greater than 5 days (82). In patients with recent ACS or PCI undergoing CABG, 

(re)starting the P2Y12 inhibitor for the intended duration is recommended postoperatively to 

reduce the risk of stent thrombosis and major cardiovascular events (79, 81, 83, 84). The P2Y12 

inhibitor should be (re)started as soon as it is considered safe from a bleeding perspective. 

There is individual variation in the magnitude and duration of the antiplatelet effect 

among the P2Y12 inhibitors (85). The remaining platelet responsiveness may be considered 

when determining the timing of the operation in patients taking DAPT. It has been 

demonstrated that the platelet inhibitory response assessed by platelet function testing is 

associated with CABG-related bleeding (34-36). A strategy based on preoperative platelet 

function testing to determine the timing of CABG in clopidogrel-treated patients led to a 50% 

shorter waiting time for surgical treatment compared to a discontinuation time-based 

strategy, without any increase in bleeding complications (39). It should be noted that no RCT 

with sufficient statistical power has compared time since discontinuation-based and platelet 

function test-based timing of CABG, focusing on perioperative bleeding complications. 

Furthermore, an association between residual platelet function and CABG-related bleeding 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 24 

has only been established for patients with ongoing or recently stopped DAPT and not for 

patients on single antiplatelet therapy.  

Recently, the use of haemadsorption devices for removing ticagrelor in emergency 

settings has been introduced. However, the available research is limited (86-88), and the 

technology is still under investigation, which prevents any definitive conclusions from being 

made. 

 

 

 

 

Figure 1. Management of antiplatelet therapy in patients having coronary artery bypass 

grafting surgery. aComplex and redo surgery, severe renal insufficiency, congenital and 

acquired bleeding and anaemia. bPlatelet function testing in urgent cases may be considered 

to optimize the timing and safety of surgery. cRecent stent implant, recent thromboembolic 

event and alarming angiographic results. ASA: acetylsalicylic acid; DAPT: dual antiplatelet 

therapy; GPIIb/IIIa: glycoprotein IIb/IIIa. 

  

 

3.2.2 Glycoprotein IIb/IIIa inhibitors 

Inhibitors of glycoprotein IIb/IIIa (GPIIb/IIIa), such as eptifibatide, tirofiban and abciximab, are 

primarily utilized in conjunction with PCI, though they may also serve as bridging agents for 

high-risk patients on oral P2Y12 inhibitors awaiting surgery (89). 
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Description of the evidence 

The ideal timing for halting GPIIb/IIIa inhibitors before surgery depends largely on 

pharmacokinetic considerations. Recovery of platelet function occurs within 48 h after 

stopping abciximab and 4–8 h after halting eptifibatide and tirofiban (90). For abciximab, a 

pooled analysis of 82 patients from the EPILOG (Evaluation of PTCA to Improve Long-term 

Outcome by c7E3 GP IIb/IIIa Receptor Blockade) trial and the EPISTENT (Evaluation of platelet 

IIb/IIIa inhibitor for stenting trial) undergoing urgent CABG found no significant difference in 

bleeding when abciximab was discontinued less than 6 h before CABG in 61% of the cases (91). 

A recent meta-analysis encompassing 10 studies with 382 patients undergoing surgery 

following PCI assessed the efficacy of preoperative bridging using tirofiban and eptifibatide 

(92). The analysis suggests a reduction in preventing ischaemic events and reducing the need 

for reoperations due to bleeding, indicating that intravenous platelet GPIIb/IIIa inhibitors 

could be a safe and effective bridging strategy in this patient population (92). Additionally, a 

small observational study investigating patients undergoing hybrid carotid artery stenting and 

off-pump CABG found that tirofiban bridging therapy was safe, with a trend towards reducing 

ischaemic events (93). 

In summary, for patients scheduled for CABG, it is advisable to cease GPIIb/IIIa 

inhibitors at least 4 h before the operation to minimize the risk of postoperative bleeding. 

Specifically, discontinuing eptifibatide and tirofiban ≥4 h before open heart surgery, and 

abciximab ≥12 h before, is recommended to reduce bleeding risk. 

 

3.2.4 Low-molecular-weight heparin, unfractionated heparin and fondaparinux 

Low-molecular-weight heparin (LMWH), such as enoxaparin and dalteparin, and 

unfractionated heparin (UFH) provide their anticoagulant activity by activating antithrombin 

(AT). Both LMWH and UFH achieve peak plasma levels approximately 2 to 4 h following 

subcutaneous administration, although individual variations are considerable (94). In 

individuals with normal renal function, LMWH has a half-life of about 5 h, whereas UFH has a 

shorter half-life, necessitating more frequent dosing or continuous infusion (94). The 

anticoagulant effects of LMWH can be monitored through plasma anti-activated factor X (FXa) 

activity whereas the UFH effect is typically monitored using the aPTT, despite its poor 

correlation with UFH concentration. These anticoagulants are commonly used for prophylactic 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 26 

and therapeutic purposes following cardiac surgery. Both LMWH and UFH are utilized for the 

bridging of oral anticoagulants (OACs) that need to be interrupted before and restarted after 

a procedure to prevent massive bleeding complications. Whereas protamine can partially 

reverse LMWH-induced bleeding, it does not completely reverse the anticoagulant effects of 

LMWH (95). In contrast, protamine is also used to reverse the effects of UFH, typically with a 

more complete reversal.  

Fondaparinux is not a heparin; it is a synthetic selective inhibitor of FXa, commonly 

used in the treatment of ACS (96, 97). The half-life of fondaparinux is approximately 20 h. 

Fondaparinux is administered once daily and should be discontinued at least 24 h before major 

surgery. After surgery, fondaparinux can be (re)started after 48 h (96).  

 

Description of the evidence 

Preoperative bridging of OACs with either LMWH or UFH is associated with increased intra- 

and postoperative bleeding; therefore, not all patients on OACs undergoing cardiac surgery 

should be bridged. In the BRIDGE (Perioperative Bridging Anticoagulation in Patients with 

Atrial Fibrillation) trial with 1884 patients with atrial fibrillation (AFib), the patients were 

randomized to LMWH (dalteparin) or placebo after interruption of warfarin. Thromboembolic 

event rates were similar between groups (0.3% vs 0.4%), but major bleeding was significantly 

higher in the dalteparin group (3.2% vs 1.3%) (98). However, the trial excluded high-risk 

patients with mechanical heart valves (MHVs) or recent (within 12 weeks) stroke, embolism or 

transient ischaemic attack and valvular AFib (98). Similarly, a recent meta-analysis of 6 RCTs 

and 12 observational studies showed a similar risk of thromboembolism between bridging and 

non-bridging, but bridging was associated with an increased risk of major bleeding (99). 

Consequently, a bridging oral anticoagulant (OAC) is recommended only for patients at high 

risk of thrombotic events, such as those with MHVs, AFib with rheumatic valvular disease or a 

recent acute thrombotic event within the past 12 weeks and those with severe acquired or 

congenital pro-thrombotic defects. 

Once an OAC is discontinued, bridging therapy should be initiated when the 

international normalized ratio (INR) value or the specific level of the direct oral anticoagulant 

(DOAC) is below specific therapeutic ranges, as outlined in Fig. 2. Although UFH has 

traditionally been the preferred choice for bridging in patients with ACS and MHVs due to its 
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superior safety profile in reducing postoperative major bleeding and the need for re-

exploration (100, 101), recent studies suggest that LMWHs may offer similar or even lower 

rates of adverse events, including thromboembolism and bleeding (102-104). Moreover, UFH 

typically requires in-hospital administration and monitoring, unlike LMWH, which offers a 

more convenient option for outpatient bridging. Nonetheless, the effectiveness of LMWH can 

vary depending on renal function and obesity, and its bleeding complications are not fully 

reversible with protamine sulphate. Fondaparinux, with its long half-life (17–21 h) and lack of 

an antidote, is generally not recommended for bridging, except in patients with a history of 

heparin-induced thrombocytopenia (HIT) (105), although spontaneous HIT has been reported 

in conjunction with fondaparinux as well (106). 

At present, there is no definitive evidence specifying the time intervals for 

discontinuing preoperative UFH and LMWH. Based on drug half-life, it is recommended that 

intravenous UFH be discontinued 2–4 h before the operation (107).  It is advised to stop 

administration of LMWH at least 12 h before surgery, considering the particular LMWH type 

and dosage regimen (107, 108). When the last dose of a twice-daily LMWH regimen is 

administered about 14 h prior to surgery (such as the evening before), relatively high anti-FXa 

activity may still be present at the time of surgery (109). 

The administration of heparin postoperatively should be approached with caution, 

especially in patients with multiple comorbidities and those undergoing major aortic surgery. 

Lifelong vitamin K antagonist (VKA) therapy is required for patients with MHVs and should be 

initiated alongside therapeutic bridging therapy. Therapeutic bridging with either UFH or 

LMWH is begun when post-surgical bleeding is deemed minimal, typically within the first 24 h 

of admission to the postoperative care unit. This strategy is associated with a lower rate of 

thromboembolic events compared to no bridging (110). Whereas intravenous UFH has 

traditionally been the preferred choice for bridging, subcutaneous LMWH is increasingly used 

due to its ease of administration and the facilitation of early patient mobilization. Evidence 

from older studies (111-114) and from a recent single-centre observational study that 

categorized patients into UFH, LMWH and UFH-LMWH sequential therapy groups (115) 

demonstrated comparable safety and efficacy outcomes. However, randomized studies are 

necessary to establish the optimal timing and dosage for UFH and LMWH bridging strategies. 

Bridging should be discontinued once the INR reaches the target range in 2 consecutive tests. 
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3.2.5 Vitamin K antagonists 

The VKAs represent a class of anticoagulant medications that have been a cornerstone in the 

management of thromboembolic disorders before and after cardiac surgery for several 

decades. The most widely used VKAs are warfarin and acenocoumarol, which have been 

extensively employed for the treatment and secondary prevention of venous 

thromboembolism, the management of persistent and new onset AFib and the maintenance 

of MHVs and durable artificial pump function. The efficacy of VKAs is monitored through the 

measurement of the prothrombin time, expressed as the INR, which provides a standardized 

assessment of the anticoagulant effect. Despite their proven effectiveness, VKAs require 

careful monitoring and dose adjustments due to their narrow therapeutic window and 

susceptibility to interactions with food, genetics and other medications (116) (Fig. 2).  

 

Description of the evidence 

VKAs are regularly stopped 4–5 days before surgery to achieve an INR < 1.5 when there is no 

indication for a bridging OAC (6). The high variability in INR reduction necessitates 

preoperative INR testing. For elevated INR levels (usually > 1.8), administering low-dose oral 

vitamin K (1–2.5 mg) can effectively reverse this trend without risking VKA re-anticoagulation 

resistance postoperatively (117, 118). 

In patients undergoing urgent or emergency surgery, the benefits of performing the 

procedure as soon as possible must be weighed against the risk of major bleeding. When it is 

not feasible to stop VKAs at the recommended time to achieve an INR level deemed safe for 

these procedures, the effect of VKA can be completely reversed by administering prothrombin 

complex concentrate (PCC) as the first-line therapy for reversal or FFP as the second-line 

therapy for reversal, along with vitamin K (intravenous or oral) to prevent rebound 

anticoagulation (119, 120). RCTs have consistently shown that PCC reduces the INR more 

rapidly than does FFP (121-123). The time from the start of infusion to the start of the 

operation was significantly shorter with PCC than with patients who received FFP (3.6 h vs 8.5 

h). However, PCC administration must be balanced against an increased risk of perioperative 

thrombosis and AKI following cardiac surgery with CPB (124, 125). 
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Figure 2. Management of oral anticoagulation in patients with an indication for preoperative 

bridging and/or postoperative anticoagulation therapy. aPatients with mechanical prosthetic 

heart valve, atrial fibrillation with rheumatic valvular disease, acute thrombotic event within 

the prior 12 weeks, acquired or congenital pro-thrombotic defects and left ventricular apex 

thrombus. bDiscontinuation of LMWH depends on the type and dosing of the medication. 
cFor dabigatran, discontinuation should be prolonged to > 48 h if the estimated glomerular 

filtration rate (eGFR) is 50–80 ml/min/1.73 m2 and ≥96 h if eGFR is <50 ml/min/1.73 m2; it is 

contraindicated if the eGFR is <30 ml (min/1.73 m2 for other DOACs, discontinuation should 

be ≥ 72 h if the eGFR is 30–50 ml/min/1.73 m2 and > 96 h if the eGFR is 15–30 ml/min/1.73 

m2. dBridging for VKA only with UFH/LMWH should be discontinued once the INR reaches the 

adequate target range, confirmed by 2 consecutive tests. DOAC: direct oral anticoagulant; INR: 

International normalized ratio; LMWH: low-molecular-weight heparin; UFH, unfractionated 

heparin; VKA: vitamin K antagonists. 

 

3.2.6 Direct oral anticoagulants and direct reversal agents 

Direct thrombin inhibitors such as dabigatran and Xa inhibitors like apixaban, edoxaban and 

rivaroxaban are types of DOACs, and new versions are being developed. Currently, DOACs are 

the preferred first-line treatment for VTE and non-valvular AFiB (126-128). The introduction of 

DOACs has presented new challenges in cardiac surgery, particularly regarding the timing of 
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safely stopping the medication before surgery due to potentially life-threatening bleeding 

complications (129, 130) (Fig. 2). 

 

Description of the evidence 

For patients undergoing elective surgery on DOACs, it is crucial to discontinue these 

medications in advance to minimize the risk of significant bleeding complications (129, 131, 

132). The duration of discontinuation varies depending on the specific drug, its half-life and 

renal function. DOACs should generally be stopped at least 48 h before surgery in patients with 

normal renal function (eGFR >80 ml/min), considering their reversible pharmacodynamics and 

half-life (126, 133). Dabigatran, with its high renal clearance, requires discontinuation 72 h 

before surgery if the eGFR is between 50 and 80 ml/min. An additional 24 h (approximately 1 

drug half-life) is needed for patients with eGFRs between 30 and 50 ml/min. Of note, 

dabigatran is contraindicated for an eGFR < 30 ml/min (126, 133). 

In urgent scenarios, delaying surgery to allow for DOAC clearance is preferred when 

possible. If there is uncertainty about residual DOAC activity, performing a specific DOAC 

activity test is advised. For anti-FXa drugs, normal PT results suggest minimal residual 

anticoagulation (134, 135), whereas normal aPTT suggests minimal dabigatran concentrations. 

The diluted thrombin time is sensitive to dabigatran concentrations, with a normal value below 

21 s (136). Calibrated anti-FXa tests are crucial for measuring drug levels of anti-FXa DOACs, 

with levels <30 ng/ml considered insignificant for bleeding risk irrespective of the type of agent 

(137, 138).  

In emergency operations, the benefits of immediate procedures must be balanced 

against significant life-threatening bleeding risks. For non-bleeding patients on anti-FXa DOACs 

with high plasma concentrations preoperatively, off-label use of 4-factor PCC (50 U/kg) should 

be considered as the therapy for reversal (137, 139, 140). Activated PCC or recombinant factor 

VIIa (rFVIIa) may also be considered for non-bleeding patients on dabigatran but must be 

balanced against an increased risk of thrombosis (137, 141). 

Direct reversal agents for DOACs, such as idarucizumab for dabigatran, have been 

recently approved and introduced in clinical practice. The efficacy and safety of 5 g intravenous 

idarucizumab in reversing the anticoagulant effects of dabigatran were confirmed in the RE-
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VERSE AD (RE-VERSal Effects of Idarucizumab on Active Dabigatran) trial (142). Idarucizumab 

completely reverses dabigatran in over 98% of patients (142). Although re-elevation of 

dabigatran levels within 12 to 24 h is more common in patients with renal impairment, the 

time to bleeding cessation and the extent of haemostasis during procedures are similar (143). 

In urgent cardiac surgery, including heart transplants, limited data support the safety and 

effectiveness of idarucizumab (130, 144). Following the administration of idarucizumab, 

treatment with dabigatran can be resumed 24 h later if the patient is clinically stable and has 

achieved adequate haemostasis (145). Importantly, other antithrombotic therapies can also 

be initiated post-idarucizumab, provided the patient is stable and has sufficient haemostasis. 

The efficacy and safety of andexanet alfa in reversing the anticoagulant actions of 

rivaroxaban and apixaban in patients undergoing emergency cardiac surgery have yet to be 

conclusively established in prospective research. Thus, the utilization of andexanet alfa in 

surgical settings is deemed off-label, because the ANNEXA-4 (Andexanet alfa, a Novel Antidote 

to the Anticoagulation Effects of Factor Xa Inhibitors) trial exclusively involved patients 

experiencing severe bleeding who were not undergoing any surgical interventions (146). 

Although andexanet alfa is known to decrease anti-FXa activity and enhance clinical 

haemostasis in individuals with significant bleeding from direct FXa inhibitors, such as 

enoxaparin (147), its off-label usage prior to cardiac surgery has been associated with heparin 

resistance during CPB (130), resulting in clotting of the CPB circuit and serious adverse events. 

As a result, the European Medicines Agency advises against the preoperative application of 

andexanet alfa in cardiac surgical procedures due to the risk of temporary, iatrogenic heparin 

resistance when heparin is essential to success of the procedure (148). Therefore, in contrast 

to idarucizumab, the unconfirmed safety profile and significant expense of andexanet alfa call 

for prudent judgement and general avoidance in cardiac surgery involving CPB. Nevertheless, 

in particular emergency situations where the likelihood of heparin resistance is low, such as 

following transcatheter interventions or massive bleeding after CPB weaning, andexanet alfa 

might be considered to reverse the anticoagulation impact of anti-FXa DOAC. If andexanet alfa 

is administered before procedures that necessitate heparinization, the use of AT concentrate 

and substantially increased doses of heparin may be required to attain the desired activated 

clotting time (ACT) levels. Alternatively, anticoagulants like bivalirudin or argatroban can 

replace heparin to prevent resistance (130). Recently, the use of haemadsorption devices for 
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managing DOACs in emergency settings have completed preclinical investigations (149). 

However, the available clinical results are limited (88, 150), and the method is still under 

clinical investigation. 

 

Recommendation Table 2. Recommendations for management of preoperative 

anticoagulant and antiplatelet drugs 

Recommendations Classa Levelb Refc 

Antiplatelet management 
 

In patients undergoing CABG who are taking ASA 

preoperatively, continuing ASA throughout the 

perioperative period is recommended to reduce 

myocardial ischaemic events. 

I B (61, 62) 

In patients at high risk of bleeding and transfusiond or 

refusing blood transfusions, stopping ASA should be 

considered at least 4 days preoperatively. 

IIa C (65-67) 

In patients undergoing CABG, (re)starting ASA within 24 h 

postoperatively to reduce myocardial ischaemic events is 

recommended. 

I B (68, 71) 

In elective cardiac surgery patients taking DAPT, 

discontinuation of ticagrelor for at least 3 days, of 

clopidogrel for at least 5 days and of prasugrel for at least 

7 days is recommended prior to surgery to reduce bleeding 

complications. 

I B (79, 81, 
82) 

Testing residual platelet function may be considered in 

patients who have received P2Y12 inhibitors <7 days for 

guidance on the timing of cardiac surgery to reduce 

bleeding complications. 

IIb B (34-36) 

Bridging P2Y12 inhibitors with low-dose cangrelor until 

surgery may be considered in patients with high myocardial 

ischaemic risk to reduce thrombotic complications. 

IIb C (77, 78) 
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In patients undergoing CABG, it is recommended to 

discontinue eptifibatide and tirofiban 4 h before open-

heart surgery, and abciximab 12 h before, to reduce the 

risk of bleeding. 

I C (92) 

In patients with recent ACS or PCI, and not at high bleeding 

risk, (re)starting DAPT should be considered as soon as it is 

considered safe after surgery to reduce the risk of major 

adverse cardiovascular events. 

IIa B (79, 81, 
83) 

Anticoagulation management 
 

In patients who are preoperatively bridged with 

therapeutic LMWH, it is recommended to give the last dose 

12 to 24 h before surgery, depending on the type and 

dosing of LMWH. 

I B (108, 109) 

It is recommended that OACs be bridged with either UFH 

or LMWH perioperatively, when indicatede. 

I B (100-104, 

111-115) 

Postponing elective cardiac surgery until the INR is <1.5 

should be considered in patients taking VKAs. 

IIa C - 

In patients having elective cardiac surgery, it is 

recommended to discontinue DOACs at least 48 h before 

surgery. A longer interval may be necessary for patients 

with impaired drug clearance. 

I B (129, 131, 

132) 

In emergency open-heart surgery involving CPB, 

preoperative administration of andexanet alpha is not 

recommended for patients on DOAC inhibiting FXa. 

III C (130) 

In patients exposed to DOAC inhibiting FXa with refractory 

bleeding following the weaning of CPB, andexanet alpha or 

PCC may be considered to improve haemostasis. 

IIb C - 

In emergency open-heart surgery, perioperative 

administration of idarucizumab should be considered to 

reverse the effects of dabigatran. 

IIa B (142, 144) 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 34 

After direct reversal of dabigatran with idaricizumab, 

monitoring of the dabigatran concentration is 

recommended.  

I B (142, 143) 

ACS: acute coronary syndrome; ASA: acetylsalicylic acid; CABG: coronary artery bypass grafting; CPB: 

cardiopulmonary bypass; DAPT: dual antiplatelet therapy; DOAC: direct oral anticoagulant; FXa: 

activated factor X; INR: international normalized ratio; LMWH: low molecular weight heparin; OAC: 

oral anticoagulants; PCC; prothrombin complex concentrates; PCI: percutaneous coronary 

intervention; UFH: unfractionated heparin; VKA: vitamin K antagonist.  

a Class of recommendation.  
b Level of evidence. 
c References. 
d Complex and redo surgery, end-stage renal insufficiency, haematological diseases, anaemia and 

hereditary deficiencies in platelet function. 
e Mechanical prosthetic heart valve, atrial fibrillation with rheumatic valvular disease, acute thrombotic 

event within the prior 12 weeks, acquired or congenital pro-thrombotic defects and left ventricular 

apex thrombus (6). 

 

3.3 Management of preoperative anaemia 

Preoperative anaemia, a condition characterized by insufficient Hb levels before surgery, is 

defined primarily as Hb levels <120 g/L in women and <130 g/L in men by the World Health 

Organization (WHO) (151). This criterion is widely used in research studies and has a significant 

impact on surgical outcomes. It is important to note that normal Hb levels vary not only by sex 

but also by age, ethnicity and physiological status (152, 153). Thus, classification and diagnosis 

of anaemia should consider haematologic parameters, underlying pathological mechanisms 

and patient history. The scope of this guideline does not extend to a comprehensive discussion 

of the definition of anaemia in clinical practice (151). However, it is critical to recognize that 

anaemia increases the risk of transfusions, postoperative complications, prolonged hospital 

stays and higher mortality rates. Anaemia affects the body's ability to carry oxygen to tissues, 

which is crucial for healing and recovery after any surgical procedure. Therefore, addressing 

anaemia before surgery, through proper diagnosis and management, can improve outcomes, 

reduce the need for blood transfusions and enhance overall recovery processes.  

3.3.1 Implications of preoperative anaemia for clinical outcomes 

Preoperative anaemia is a common concern in cardiac surgery, affecting up to 40% of elective 

patients according to the WHO’s definition. Recognized as a major predictor of adverse 
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outcomes following cardiac surgery, there is an urgent need for the medical community to 

engage in early identification and intervention to address anaemia before hospital admission 

in outpatient clinics. 

 

Description of the evidence 

Even mild preoperative anaemia has been linked to poorer clinical outcomes after cardiac 

surgery, including increased blood transfusion requirements, higher incidence of AKI and 

elevated mortality rates (154-156). Additionally, patients with anaemia have increased hospital 

resource utilization, such as more PRBC transfusions, longer stays in the intensive care unit 

(ICU) and longer total hospital lengths of stay (157). Several observational studies have found 

a significant effect on patient outcomes of the interaction between preoperative anaemia and 

blood transfusions, highlighting a pronounced detrimental effect of perioperative blood 

transfusions on anaemic patients (158-160). When comparing mildly anaemic patients with 

moderate to severely anaemic patients, the risks of intraoperative transfusions and mid-term 

120-day mortality were significantly increased with the degree of anaemia (161). However, the 

optimal Hb value associated with reduction of blood transfusions or improved clinical outcome 

remains unclear and might be higher than the WHO criteria for anaemia suggest (162, 163). 

Potentially, the total red blood cell mass could be a more accurate predictor than Hb levels 

(164) and may account for the increased frequency of allogeneic transfusions in women (165).  

Although uncertainties still surround the optimal preoperative red blood cell (RBC) mass in 

cardiac surgery, a recently published meta-analysis sheds some light on the potential 

consequences. The meta-analysis, which summarizes findings from 35 studies with a total of 

159,025 patients using the WHO’s definitions, suggests that preoperative anaemia is 

associated with increased mortality (OR 2.5, 95% CI 2.2–2.9) (166). Additionally, preoperative 

anaemia was linked to an increase in total hospital length of stay and postoperative 

complications. Despite the need for further research to address remaining uncertainties, these 

findings underscore the importance of an evidence-based, multimodal and multidisciplinary 

approach to conserving blood resources and optimizing outcomes in patients at high risk of 

transfusion. 

 

3.3.2 Iron supplementation 
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Iron is essential for oxygen binding and transport in the human body, making it crucial for 

maintaining normal erythroid content in the blood. Iron deficiency anaemia is the most 

common type, affecting up to 40% of elective heart surgery patients. Furthermore, an even 

higher percentage show iron deficiency without anaemia, with up to 70% of elective heart 

surgery patients, which is associated with increased mortality and morbidity (167). Iron 

replenishment can be achieved through oral ingestion or intravenous administration, each 

with distinct onset times, logistical efforts and risks. When feasible, the operation should be 

postponed to allow for oral supplementation over 1 to 3 months, because contemporary oral 

iron formulations are well tolerated and highly effective. When the operation is planned within 

2 to 4 weeks or when gastroenteric absorption is impaired, intravenous iron should be 

preferred. Normalizing iron bioavailability is beneficial not only for achieving normal 

preoperative Hb levels but also for enabling the bone marrow to produce new erythrocytes in 

response to operative haemorrhage. 

 

Description of the evidence 

Recent research has highlighted the effectiveness of oral iron supplementation. A large RCT 

involving non-urgent patients compared the impact of 30-day treatment with oral Sucrosomial 

iron to no treatment at a single centre, revealing a significant improvement in Hb levels at the 

time of surgery and a reduction in PRBC transfusions for those treated with iron (168). Further 

analysis of this cohort emphasized greater benefits among female subjects and those with 

severe anaemia (169). Additionally, a retrospective study assessing the efficacy of oral 

Sucrosomial versus intravenous iron post-surgery found both approaches to be reasonably 

effective in the medium term (170). 

On the other hand, intravenous iron supplementation has been studied extensively, 

with a focus on its use in conjunction with erythropoiesis-stimulating agents. A specific RCT 

dedicated to patients undergoing on-pump CABG found that iron sucrose combined with 

erythropoiesis-stimulating agents was highly effective (171). Similarly, ferric carboxymaltose 

showed positive results in an RCT involving patients who had off-pump CABG (172). Additional 

RCTs have corroborated the efficacy of intravenous iron in a broader population of elective 

heart surgery patients (173, 174). 
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In summary, whether administered orally with sufficient lead time or intravenously for 

more immediate needs, iron replenishment is a crucial element of modern, comprehensive 

multimodal preoperative strategies (174, 175). 

 

3.3.3 Erythropoietin 

The discovery of erythropoietin (EPO), the endogenous growth factor responsible for red 

blood cell production in the bone marrow, and the subsequent development of its 

recombinant form in 1983, marked a significant milestone in understanding and treating 

anaemia. Despite the technology’s long history, ongoing concerns about side effects and 

relevant cost have limited its routine use. However, this limitation should not deter its use in 

preparing for heart surgery, because the benefits far outweigh the risks associated with 

preoperative anaemia (156, 176). 

 

Description of the evidence 

The efficacy and safety of EPO in cardiac surgery were well established even before the 

previous edition of these guidelines, as evidenced by several studies (177-179). More recent 

research has continued to bolster confidence in the treatment's effectiveness and safety 

profile. A notable finding from a study on off-pump CABG is that most patients undergoing 

heart surgery exhibited depressed levels of endogenous EPO (180). In light of this discovery, a 

recent small RCT investigated a lower dosage of 500 IU/kg administered 1 to 3 days 

preoperatively. Despite the reduced dosage, the study found a significant impact on lowering 

postoperative transfusion requirements (181). 

Treatment with EPO is often combined with iron supplementation. This approach has 

been shown to significantly reduce the need for perioperative blood transfusions, offering a 

more effective solution than oral ferrous sulphate alone (173, 175). An RCT that included 253 

patients with preoperative anaemia (Hb <120 g/L for women, Hb <130 g/L for men) and 252 

patients with isolated iron deficiency (ferritin <100 mcg/L, no anaemia present) undergoing 

elective cardiac surgery demonstrated that a combination treatment of intravenous iron, 

subcutaneous EPO alpha, vitamin B12 and oral folic acid significantly decreased the need for 

allogeneic blood product transfusions (182). 
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A meta-analysis conducted more recently has also confirmed a positive outcome for 

the use of EPO in preparing patients with anaemia for heart surgery (183). Two decades after 

the pioneering studies of EPO in heart surgery, a substantial body of evidence now supports 

the use of erythropoiesis-stimulating agents in anaemic patients and confirms the safety 

profile of the drug. However, the lack of cost-effective analyses remains a significant barrier to 

broader adoption. 

 

3.3.4 Blood transfusions for anaemia management 

Blood transfusions are used preoperatively to treat anaemia and improve perioperative 

symptoms associated with low Hb levels. In cardiac surgery, transfusing blood prior to the 

operation or with the initiation of CPB in patients with pre-existing anaemia involves significant 

risks. These include an immunologic response to foreign, albeit "compatible" tissue injection, 

and triggering immune reactions and inflammatory responses, potentially leading to 

transfusion-related organ injury, which can significantly hinder recovery. Therefore, a blood 

transfusion should always be considered a last-resort strategy and prescribed after careful 

evaluation of the risk–benefit ratio. 

 

Description of the evidence 

An RCT investigated the impact of preoperative PRBC transfusions on intraoperative 

transfusion requirements and AKI in anaemic patients. Prophylactic transfusion of 2 PRBC units 

was associated with a lower rate of intraoperative transfusions [0 (0–2) vs 2 (1–4) units, 

P<0.001] compared with standard care, but it did not significantly reduce the rate of AKI (184). 

Perioperative transfusions showed a direct relationship with postoperative transferrin 

saturation (correlation coefficient 0.6; P = 0.0002), and elevated transferrin saturation levels 

(over 80%) correlated with the occurrence of AKI (5/5 vs 8/30; P = 0.005), suggesting that iron 

overload due to transfusions could be a contributing factor to AKI (184). Given the absence of 

new evidence, the previously established expert consensus recommendation against routine 

transfusions for patients with preoperative anaemia has been reaffirmed. However, in 

emergencies or when faced with life-threatening anaemia, preoperative blood transfusions to 

elevate Hb levels are deemed a clinically reasonable intervention. 
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Recommendation Table 3. Recommendations for preoperative management of patients 

with anaemia 

Recommendations Classa Levelb Refc 

It is recommended to investigate newly diagnosed patients 

with anaemia to determine the aetiology and initiate causal 

treatment. 

I B (156, 157, 
166) 

Oral iron supplementation with a Sucrosomial formulation 

prior to cardiac surgery should be considered in iron-depleted 

anaemic patients (females: Hb less than 120 g/L; males: Hb 

less than 130 g/L) to improve erythropoiesis and reduce 

postoperative transfusions if the time frame allows it. 

IIa B (168-170) 

Intravenous iron supplementation prior to cardiac surgery 

should be considered in iron-depleted patients with anaemia 

(females: Hb less than 120 g/L; males: Hb less than 130 g/L) to 

improve erythropoiesis and reduce postoperative 

transfusions when the time frame of the operation does not 

allow the use of oral iron supplementation. 

IIa A (171-175) 

Erythropoietin supplementation in addition to iron should be 

considered to improve erythropoiesis and reduce 

postoperative transfusions in anaemic patients when rapid Hb 

increase is required. 

IIa A (173, 175-
183) 

Preoperative erythrocyte transfusion is not routinely 

recommended to treat anaemic patients. 

III B (184) 

EPO: erythropoietin; Hb: haemoglobin.  

a Class of recommendation. 
b Level of evidence. 
c References. 

 

 

3.4 Preoperative thrombocytopenia 

Preoperative evaluation plays a critical role in assessing the risk of bleeding in patients due to 

various conditions, including thrombocytopenia. This blood disorder, characterized by a 
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platelet count below 150,000/µL, can be either inherited or acquired due to other health 

issues and medications used (see section 5.3.5). Thrombocytopenia may substantially increase 

the potential for bleeding complications following cardiac surgery with CPB (17, 185, 186). 

 

Description of the evidence 

For major non-cardiac operations, a platelet count above 100,000/µL is generally considered 

safe and is not associated with a high risk of surgical bleeding (187). However, even mild 

preoperative thrombocytopenia (100,000–150,000/µL) has been linked to an increased risk of 

severe bleeding, death and other major adverse events following CABG and other cardiac 

procedures (19, 186). The risks are further exacerbated in patients with moderate (50,000–

100,000/µL) to severe (below 50,000/µL) preoperative thrombocytopenia, showing a stepwise 

increase in risk (186, 188). The decision-making process to proceed with the operation is 

complex due to the unpredictable nature of bleeding risks associated with different platelet 

counts and patients' varying health conditions. This complexity necessitates careful 

consideration regarding the timing of the operation and the potential need for interventions 

to increase platelet counts. Furthermore, there is a noticeable gap in knowledge on managing 

thrombocytopenia in cardiac surgery, emphasizing the need for urgent research. A Cochrane 

review highlighted the knowledge gap regarding prophylactic PLTC transfusions before surgery 

for patients with low platelet counts, noting that existing studies do not include those patients 

requiring major or emergency surgical procedures (189). 

Given the current state of knowledge, the urgency of the surgical procedure heavily 

influences the management approach. In non-emergency situations, delaying surgery may be 

safer, and consulting a haematologist is recommended to determine the cause and explore 

treatment strategies to increase the platelet count. For pregnant women, consultation with an 

obstetric medicine specialist is crucial to manage thrombocytopenia effectively while ensuring 

the safety of both the mother and the foetus. In emergency cases, transfusions of PLTCs may 

be required following weaning from CPB. However, the routine recommendation of 

preoperative PLTC transfusions as a preventive measure is currently not supported, 

highlighting the need for a cautious approach until more definitive research can guide clinical 

practices. 
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Recommendation Table 4. Recommendations for management of patients with 

preoperative thrombocytopenia 

Recommendations Classa Levelb Refc 

Preoperative platelet transfusion is not routinely 

recommended in patients with thrombocytopenia 

regardless of platelet count. 

III C - 

a Class of recommendation.  
b Level of evidence.  
c References. 

 

 3.5 Preoperative autologous blood donation 

A preoperative autologous blood donation (PABD), performed in the hours, days or weeks 

before surgery, may reduce the need for allogeneic blood transfusions. This practice is 

typically limited to patients with a relatively high RBC mass [e.g. high haematocrit (HCT) levels 

and body surface area (BSA)] and no pre-existing coagulation abnormalities.  

 

Description of the evidence 

A PABD has been suggested to reduce the occurrence of allogeneic blood transfusions (190, 

191) and to be cost-effective in a retrospective cohort analysis including >4300 patients 

undergoing elective CABG or valve surgery (191). However, this study was limited by the lack 

of statistical adjustment for possible confounding factors (191). In a matched-pair analysis 

with 432 patients, a PABD was associated with a reduction in the PRBC transfusion rate from 

55% to 32% and a 50% reduction in the administration of FFP and PLTCs (192). A nested case-

control study, corrected for confounding factors, revealed that PABDs reduced PRBC 

transfusions by 18.3% in valve surgery (193). However, this study was limited by the absence 

of preoperative Hb and HCT data (193). A prospective cohort study comparing 44 patients 

before and 69 patients after the introduction of PABDs in elective minimally invasive cardiac 

surgery found that PABDs were not effective in further reducing allogeneic blood transfusion 

in this setting with a low probability of transfusions (194). 

Based on the current evidence, a PABD may be considered for patients without severe 

aortic stenosis and left main coronary artery disease, Canadian Cardiovascular Society class 3–

4 angina or ACS within the last 4 weeks and with high Hb levels (>110 g/L) who are undergoing 
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elective surgery with a greater than 10% risk of allogeneic blood transfusion. This approach 

may help reduce the number of postoperative transfusions.  

 

Recommendation Table 5. Recommendation for preoperative autologous blood donation 

Recommendation Classa Levelb Refc 

A preoperative autologous blood donation in patients with 

haemoglobin levels over 110 g/L may be considered to 

reduce postoperative transfusions. 

IIb B (190-194) 

a Class of recommendation.  
b Level of evidence.  
c References. 

 

 

4. Intraoperative management 

Intraoperative preservation of patient haemostasis is a complex, multidisciplinary challenge. 

Although surgeons meticulously achieve haemostasis and wait for clot formation, these 

measures are effective only when accompanied by strategies that minimize haemodilution, 

maintain normothermia, ensure appropriate anticoagulation and include haemostatic 

monitoring throughout the procedure. 

 

4.1  Surgical techniques 

Various techniques and surgical approaches are increasingly being adopted to achieve a less 

invasive approach in cardiac surgery patients, including the use of minimally invasive surgical 

techniques and the avoidance of CPB whenever possible (195). In particular, off-pump CABG 

gained popularity in the mid-1980s. However, nowadays, it is primarily practiced by dedicated 

centres and surgeons, resulting in less than 10% of CABG procedures being performed without 

CPB, according to Veterans Affairs hospitals data (196). 

Additionally, a minimally invasive extracorporeal circulation circuit (MiECC) represents 

a specialized perfusion technique designed to minimize the side effects associated with 

conventional CPB (197). It is important to distinguish between minimally invasive procedures 

regarding the use of CPB (off-pump or MiECC) and minimally invasive surgical approaches 
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(hemisternotomy, thoracotomy, endoscopic procedures, robotic procedures). These 

approaches can interfere with each other, leading to prolonged CPB times, which may not 

always yield beneficial effects, especially concerning bleeding complications and transfusion 

requirements. 

Furthermore, the implementation of minimally invasive cardiac surgery is not universal 

and typically offers the most benefit in centres where such techniques are efficiently 

performed and integrated into the daily clinical routine (198). Recommendations for the use 

of these techniques are therefore directed at centres with adequate experience and a 

sufficient caseload. 

For specific subgroups at risk for bleeding complications, such as patients with 

anaemia, the collaboration of a multidisciplinary team comprising cardiologists, surgeons, 

anaesthesiologists and perfusionists is highly recommended. This team should discuss optimal 

treatment strategies, including surgical techniques, the limitations of haemodilution 

associated with CPB, cardioplegia delivery and improved CPB systems to avoid excessive 

bleeding necessitating massive transfusions. 

 

4.1.1 Off-pump coronary artery bypass grafting 

Off-pump CABG surgery has been proposed to preserve blood haemostatic properties, 

potentially reducing bleeding and the need for blood product transfusions. This effect could 

be due to lower levels of systemic heparinization, standard use of cell-saving techniques and 

avoidance of haemodilution and haemostatic alterations caused by CPB (199). 

 

Description of the evidence 

Although no RCTs have directly compared off-pump and on-pump CABG with bleeding, 

transfusion or the need for reoperation as the primary end point, evidence is extrapolated 

from robust studies in which these end points were secondary outcomes (200-203). In the 

secondary analyses of the CORONARY [Coronary Artery Bypass Surgery (CABG) Off or On Pump 

Revascularization Study] and the GOPCABE (German Off-Pump Coronary Artery Bypass 

Grafting in Elderly Patients) trials, off-pump CABG was associated with lower transfusion rates 

(50.7% vs 63.3% and 56.3% vs 62.7%, respectively; both P<0.001) (201, 203). However, in these 

RCTs, physicians were not blinded to treatment allocation, and the transfusion protocol was 
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not prespecified. Therefore, the treatment received might have influenced the decision to 

transfuse. Meta-analyses of RCTs indicated that transfusion rates were significantly lower in 

off-pump CABG compared to on-pump CABG with no differences in re-exploration for 

excessive bleeding (204). However, studies show large variability in patient selection and study 

results, suggesting that such benefits might not be consistently reproducible across all RCTs. 

In summary, off-pump CABG may be considered a surgical technique associated with 

fewer transfusion requirements compared to on-pump CABG in selected patients operated on  

in experienced centres. 

 

4.1.2 Minimally Invasive Cardiac Surgery 

Minimally invasive cardiac surgery, which requires smaller incisions and less tissue dissection, 

may play a role in reducing the need for transfusions and reoperations for bleeding. However, 

less experienced centres may encounter prolonged CPB times with this approach, potentially 

offsetting benefits regarding postoperative bleeding and transfusion requirements. 

 

Description of the evidence 

A systematic review comparing mitral valve surgery via a right lateral mini-thoracotomy to a 

sternotomy analysed 45 studies conducted until 2014, including 3 RCTs, and found that the 

minimally invasive approach was linked to a decrease in chest tube drainage and significant 

reduction in transfusion risk (205). A recent robust RCT by Akowuah et al. provided further 

insights by comparing a mini-thoracotomy with a conventional sternotomy for mitral valve 

repair. This study revealed comparable safety outcomes and valve repair rates between the 2 

approaches at 1 year, with similar rates of transfusions between groups. However, it noted a 

significantly higher rate of reoperation for bleeding in the sternotomy group (206). Building on 

this recent evidence, the latest systematic literature review and meta-analysis of conventional 

versus minimally invasive mitral valve surgery for degenerative mitral valve disease further 

supported the advantages of the minimally invasive approach. It found that minimally invasive 

mitral valve surgery was associated with better short-term outcomes, including a clinically 

significant reduction in transfusion rates, favouring this approach over conventional surgery 

(207). 
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In a systematic review comparing aortic valve replacement (AVR) through minimally 

invasive access versus a full sternotomy approach, pooled data from 3 RCTs showed no 

significant difference in the rate of allogeneic blood transfusions (RR 0.77, 95% CI 0.58–1.03). 

However, pooled data from observational studies suggested a potential benefit of the 

minimally invasive approach (208). Subsequently, Vukovic et al. conducted an RCT comparing 

an upper hemisternotomy versus a full sternotomy in patients undergoing AVR (209). Whereas 

there were no differences in morbidity and mortality between the 2 groups, the minimally 

invasive approach resulted in shorter hospital stays and significantly faster recovery times after 

discharge, with a trend towards lower transfusion rates. In contrast, Hancock et al. compared 

a mini-sternotomy versus a conventional sternotomy for AVR (210). They found that AVR via a 

mini-sternotomy did not significantly reduce PRBC transfusions within 7 days of surgery 

compared to a conventional sternotomy. 

The trend towards minimally invasive cardiac surgery is expanding beyond valve 

surgery. Teman et al. (211) conducted a comprehensive multi-institutional analysis comparing 

minimally invasive cardiac surgery CABG with traditional open CABG. Their findings revealed 

that patients undergoing open CABG were more likely to require transfusions of PRBCs and 

PLTCs compared to those in the minimally invasive cardiac surgery group. In another study, 

Shah et al. (212) evaluated the mini-Bentall procedure versus the traditional Bentall procedure 

performed via a median sternotomy. The results demonstrated that the mini-Bentall group 

had a significantly lower rate of reoperations for bleeding and shorter ventilation times, 

underscoring the potential benefits of minimally invasive approaches. Additionally, a meta-

analysis by Rayner et al. (213) compared operations on the ascending aorta and root through 

both median sternotomy and minimally invasive approaches. The analysis indicated that 

patients undergoing a median sternotomy were more likely to require reoperation for 

bleeding, suggesting that minimally invasive approaches might again offer advantages in blood 

conservation. 

Despite the growing evidence supporting minimally invasive cardiac surgery, it remains 

a specialized practice limited to a few high-volume centres. To truly assess its potential for 

widespread adoption and its role in blood conservation, large, well-powered RCTs are needed. 
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4.1.3 Topical haemostatic agents 

Topical haemostatic agents are utilized in cardiac surgery to supplement conventional 

measures for reducing blood loss. These agents can be classified into active haemostatic 

agents (containing blood-clotting components), non-active haemostatic agents (lacking 

intrinsic haemostatic activity) and flowable haemostatic agents (with characteristics of both 

categories). They are locally applied and include haemostatic sealants and topical 

antifibrinolytic agents such as aprotinin, tranexamic acid (TXA) and epsilon-aminocaproic acid 

(EACA) (214, 215). 

 

Description of the evidence 

A Cochrane review (214) on fibrin sealants highlighted their efficacy in reducing postoperative 

blood loss (mean difference 161 ml, 95% CI 98.25–224.53 ml) in patients undergoing major 

surgery. However, this Cochrane review was limited by the inclusion of only 1 cardiac surgery 

study with 23 participants, so applicability to cardiac surgery patients is questionable. 

Furthermore, Alizadeh et al.'s prospective cohort study reported a significant reduction in the 

need for blood transfusions with the use of sealants, although no significant difference in 

blood loss was observed (216). The rate of re-exploration for excessive bleeding was 

comparable between groups. On the other hand, Tavilla et al.'s multicentre RCT  evaluated the 

cost-effectiveness of fibrin sealant after CABG and concluded that its use was not health-

beneficial due to the high cost per avoided transfusion (217). 

A meta-analysis on topical antifibrinolytic agents indicated a reduction in chest tube 

blood loss and savings in PRBC units per patient, despite high heterogeneity among the 

included RCTs (215). No adverse effects were reported following the topical use of these 

medications. Recently, in a multicentre RCT involving 3242 cardiac surgery patients, topical 

TXA did not reduce seizure incidence compared to intravenous TXA administration, but it 

increased the need for blood transfusions by 8.3% (218). The study was terminated early for 

safety reasons after preliminary results suggested an increased risk of transfusion with topical 

use. Finally, Daud et al.'s systematic review and meta-analysis (219) on fibrin and thrombin 

sealants in vascular and cardiac surgery suggested a selective rather than a routine use due to 

a small reduction in blood loss and time to haemostasis, without a significant impact on blood 

transfusions.  
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Based on the available evidence, the routine use of topical sealants in cardiac surgery 

is not recommended and may only be considered in cases of persistent bleeding where 

haemostasis cannot be achieved with mechanical haemostatic agents in the absence of 

coagulopathy. 

 

Recommendation Table 6. Recommendations for surgical techniques in patient blood 

management 

Recommendations Classa Levelb Refc 

It is recommended that the members of the 

multidisciplinary teamd discuss the optimal surgical 

strategy based on clinical status, comorbidities, bleeding 

risk and team expertise. 

I C - 

Off-pump CABG surgery may be considered in selected 

patientse to reduce perioperative transfusions. 

IIb B (199-204) 

Minimally invasive cardiac surgery may be considered to 

reduce bleeding complications and the need for 

transfusion. 

IIb B (205-210) 

Routine use of topical sealants in cardiac surgery is not 

recommended to reduce blood loss and the need for 

transfusions. 

III B (217-219) 

Topical sealants may be considered in clinical situations 

where conventional approaches to surgical and medical 

improvement of haemostasis are insufficient and where 

bleeding problems are more local than generalized. 

IIb C (219) 

 

CABG: coronary artery bypass grafting. 

a Class of recommendation.  
b Level of evidence.  
c References. 
d Surgeons, cardiologists, anaesthesiologists and perfusionists.  
e Dialysis-dependent patients, patients operated on under DAPT and anaemic patients with low body 

surface area.  

 

 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 48 

4.2  Cardiopulmonary bypass 

The perfusion approach during on-pump cardiac surgery plays a relevant role in postoperative 

bleeding and increased blood products requirements. Although individual interventions 

during CPB mainly represent a contributory factor, current evidence indicates that the 

adequate training of the team to safely implement measures to reduce the blood trauma, like 

the reduction of the circuits, the ultrafiltration techniques and the antegrade autologous 

priming/retrograde autologous priming (RAP), may represent clinical differences favouring 

the reduction of postoperative complications, which favours an enhanced recovery after 

cardiac surgery. 

 

4.2.1 Priming volume and haemodilution 

Managing the dilution of blood during cardiac surgery is crucial, because it often results from 

multifactorial volume infusion from the surgical field, anaesthesia and CPB. Whether it results 

from inherent processes or from deliberate acute normovolemic haemodilution (ANH), this 

phenomenon warrants careful oversight. Determining the target Hb/HCT threshold to 

maintain during CPB remains a topic of debate. Significant dilution could precipitate ischaemic 

conditions in vital organs due to a diminished capacity for oxygen transport, which may not 

be sufficiently counterbalanced by self-regulatory mechanisms or improvements in blood flow 

to the vital organs (220, 221). 

 

Description of the evidence 

CPB plays a significant role in inducing haemodilution, primarily due to the fluid infusion 

needed for priming the circuit and the administration of the cardioplegic solution (222). 

Consequently, the detrimental effects of haemodilution extend beyond the mere direct 

impact of induced anaemia. Various studies have corroborated that haemodilution can lead 

to altered coagulation, heightened bleeding, an increased necessity for transfusions and 

overall worse outcomes related to thromboembolic complications (222, 223). 

Historically, the strategy of combining the use of colloids and crystalloids in CPB 

priming was adopted to mitigate the adverse effects of haemodilution. However, recent 

evidence suggests that this approach does not confer additional benefits in terms of blood 

management and clinical outcomes (224-227). Moreover, the utilization of dextran-based 
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solutions during CPB has been linked to increased postoperative bleeding and transfusion 

requirements (228), as well as to a potential rise in the incidence of AKI (227). In contrast, 

strategies aimed at reducing the total priming volume have shown promise in promoting 

blood conservation. Specifically, the net priming volume has been directly associated with the 

incidence of transfusion (222), and several meta-analyses have demonstrated that the 

implementation of measures to reduce CPB priming, such as MiECC or autologous priming, 

can lead to a reduction in exposure to transfusion and postoperative bleeding (229-231). 

Therefore, it is recommended that PBM programmes consider the inclusion of 

measures aimed at limiting CPB-related haemodilution, with the goal of mitigating the drop in 

Hb levels, thereby enhancing haemostasis and promoting blood conservation. 

 

4.2.2 Optimizing the cardiopulmonary bypass system 

During CPB, the primary objectives include maintaining and stabilizing physiological 

parameters to ensure optimal function of vital organs. This approach necessitates the 

implementation of various targeted management strategies during CPB to modify factors that 

significantly affect both short-term and long-term outcomes following cardiac surgical 

procedures. One of the main challenges for perfusionists is optimizing the CPB system to 

minimize its impact. 

 

Description of the evidence 

The use of tip-to-tip biocompatible coating is becoming increasingly common in certain CPB 

settings, such as MiECC. However, the benefits of biocompatible coating as an isolated 

measure remain limited. Basic research studies have shown that biopassive coated circuits 

attenuated platelet degranulation and inhibition when compared to non-coated circuits (232). 

Additionally, several studies found that biocompatible coating in an MiECC circuit allowed for 

effective anticoagulation with a lower ACT range, leading to reductions in hospital stay, chest-

tube drainage and PRBC transfusions (233, 234). Furthermore, Ranucci et al. highlighted that 

reducing the circuit surface area by applying minimized systems and shed-blood separation 

can reduce inflammatory responses and coagulopathy, which are closely related (235). 

Supporting this finding, an RCT from Bauer et al. confirmed that, when using MiECC systems, 

avoiding direct shed-blood reinfusion into the CPB system lessens the inflammatory response 
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(236). However, a recent Cochrane review indicated that the application of current cell-

salvage (CS) techniques results in a 20% risk reduction in PRBC transfusions. This finding is 

based on 5 RCTs deemed to have a low risk of bias involving patients undergoing 

cardiovascular surgery with CPB. In contrast, results for procedures without CPB results are 

inconclusive due to an extremely low number of studied patients  (237). 

In summary, although biocompatible coating and minimized CPB systems show 

promise in reducing adverse effects related to CPB, the evidence suggests that their benefits 

are context-dependent and may vary based on the specific characteristics of the surgical 

procedure and the CPB system employed. 

 

4.2.3 Minimally invasive extracorporeal circulation circuit 

The use of the MiECC has been a subject of debate for decades, with varying opinions on its 

efficacy in reducing transfusions and coagulopathy. The challenges in reaching a consensus 

stem from the heterogeneity in defining MiECC and determining the maximum priming 

volume that distinguishes a conventional from a minimized circuit. An MiECC represents a 

fusion of advancements in perfusion science, featuring a closed circuit with biologically inert 

and reduced blood contact surfaces, a centrifugal pump, a membrane oxygenator, a heat 

exchanger, a venous bubble trap or air removal device, a cardioplegia system and a shed-blood 

management device (238). These systems are designed to minimize the adverse effects 

associated with conventional CPB by avoiding blood–air contact and separating shed blood 

(239-241). However, the use of an MiECC presents several concerns, including difficulty in 

removing air from the venous line, challenges in managing inadequate pump function due to 

insufficient preload and an increased risk of embolization (242). Adequate training is essential 

to mitigate these issues and derive the most benefits from the technique. 

 

Description of the evidence 

There is considerable heterogeneity among studies when reporting the clinical benefits of 

MiECC. A retrospective study involving 5,164 patients compared the effects of MiECC with a 

priming volume of 600 mL to conventional CPB with 1200 mL. The study found significant 

differences in the drop in Hb levels favouring the minimized circuit. However, it deemed both 

systems equivalent due to a lack of clinical differences, aligning with findings from other 
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authors (243). Conversely, several studies demonstrated a reduction in the use of allogeneic 

PRBCs with the application of an MiECC system following mitral and aortic valve surgery (244-

247). A meta-analysis also indicated that MiECC correlates with reduced blood loss, 

arrhythmias and hospital stay (229). Additionally, a Bayesian meta-analysis suggested that 

MiECC is clinically comparable to off-pump CABG in terms of chest tube drainage (248). 

Given the diversity of outcomes reported by various authors, Anastasiadis et al. 

proposed a classification of MiECC types to address this heterogeneity and facilitate the 

acquisition of more robust evidence (249). Despite this proposal, some RCTs have not found 

MiECC to be superior to conventional CPB systems (250-252). Moreover, considering that 

modified conventional CPB systems have proven effective in reducing blood transfusions (253, 

254) and given that the most significant effort to demonstrate the benefits of MiECC over the 

conventional technique, the multicentric COMICS (Conventional versus Minimally Invasive 

Extracorporeal Circulation) trial, did not yield the expected results  (255), there is a limitation 

in recommending MiECC over conventional CPB. Consequently, it should be noted that MiECC 

may be considered over conventional CPB systems to reduce the risk of transfusion and 

bleeding, but only when used for selected patients by experienced teams. 

 

4.2.4 Cell salvage 

Cell salvage (CS), a process that involves the recovery of blood lost during the operation and 

residual blood from the circuit after CPB, can significantly reduce the reliance on allogeneic 

blood products, particularly PRBCs. This practice not only mitigates blood loss by returning the 

surgical bleeding to the patient, thereby decreasing the need for allogenic transfusions, but 

also offers additional benefits when surgical bleeding and the remaining volume in the circuit 

after CPB are processed using a CS system instead of direct reinfusion. Specifically, the use of 

a CS system has been associated with a more favourable inflammatory response, enhancing 

the overall benefits of using CS during CPB (236). 

 

Description of the evidence 

Conventional CS systems operate on the principle of centrifugation and washing, as 

exemplified by the Latham bowl, allowing for the recovery of erythrocytes and the removal of 

the majority of other blood components. However, it has been observed that processing larger 
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volumes of blood with a conventional CS system can lead to coagulation disorders, resulting 

in increased bleeding and the need for transfusions of other blood components (256, 257).  

The use of the CS technique in specific scenarios, such as infective endocarditis and 

oncological surgery, remains controversial (257). Although some studies have reported 

contamination of processed blood with gram-positive cocci and an association between CS 

use and higher rates of infection, others argue that the overall benefit in reducing transfusions 

outweighs the potential adverse effects of infection, which can be managed with antibiotic 

therapy. This perspective even extends to its application in operations for infective 

endocarditis (258-260).  

In addition, emerging CS technologies based on filtration methods, such as adsorption 

or diffusion, have demonstrated the ability to produce a final blood product that retains 

platelets and fibrinogen. This approach could offer additional advantages when processing 

larger volumes of bleeding. However, the current body of evidence supporting these new 

technologies is limited, and well-designed RCTs are needed to assess their safety and efficacy. 

The decision to incorporate these filtration-based CS techniques into a PBM programme 

requires a careful evaluation of the risks and benefits (261-264).  

A recently updated Cochrane review analysing 25 RCTs of elective cardiac operations 

with CPB indicates that the use of conventional CS significantly reduces the risk of PRBC 

transfusions (RR 0.81, 95% CI 0.73–0.89) without increasing blood loss (mean difference 4.7 

ml, 95% CI -49.9–59.3 ml) (237). In a network meta-analysis of RCTs comparing the rates of 

transfusions, it was also found that conventional CS reduced the risk of PRBC transfusions (RR 

0.59, 95% CI 0.50–0.69) with incremental benefit when this intervention is combined with 

restrictive transfusion strategies and POC testing (RR 0.22, 95% CI 0.14–0.34) (265). 

In summary, the regular implementation of the CS technique should be considered to 

minimize transfusions, because there are no consistent signals of significant safety hazards 

including infection and bleeding associated with its use. However, particular caution is 

warranted when re-transfusing substantial volumes of salvaged blood (exceeding 1000 ml) 

(257), especially in patients with a lower BSA (<1.5 m2), due to the potential for coagulation 

impairment. 
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4.2.5 Autologous priming 

The initiation of CPB with a non-blood fluid results in haemodilution, subsequently elevating 

the likelihood of requiring blood transfusions, especially in patients with a smaller BSA (266). 

In response to this challenge, autologous priming techniques, either retrograde or antegrade, 

have been introduced as straightforward, economical and effective methods to counteract 

this problem. 

 

Description of the evidence 

Autologous priming techniques are founded on the principle of displacing the priming solution 

with the patient's own blood to counteract the abrupt haemodilution associated with the 

initiation of CPB. A robust body of evidence supports the use of autologous priming, either 

retrograde or antegrade (224, 231, 267-273), as well as modified ultrafiltration (274, 275). 

These techniques are recognized as safe and effective therapeutic options to reduce 

haemodilution-associated complications, including transfusion requirements. However, 

studies have found conflicting results regarding the potential association between 

ultrafiltration and AKI (276, 277), indicating the need for a patient-tailored approach and 

further prospective investigations.  

However, it is important to note that there is considerable inconsistency among 

studies regarding the magnitude of the clinical effects of autologous priming on blood loss and 

transfusions when applying different techniques and volume removal (230). For instance, 

Foreman et al. observed no blood conservation benefits when RAP was applied in a 

retrospective study (278), and Hofmann et al. indicated that the number needed to treat to 

reduce the use of 1 unit of PRBCs was greater than 7 patients (270). Conversely, a propensity 

score matching (PSM) study demonstrated that the implementation of a standardized 

approach of antegrade autologous priming, known as haematic antegrade repriming, 

effectively reduced the priming-related haemodilution to 300 mL, resulting in substantial 

savings in terms of blood components and stay in the ICU (253). 

Although the advantages of containing haemodilution with autologous priming are 

undisputed and highly recommended as part of a blood conservation strategy, the use of the 

generic term RAP to encompass a wide array of procedures leading to varying levels of 

haemodilution should be avoided. It is imperative to determine the optimal priming volume 

to achieve the greatest benefit without adverse effects (274). Furthermore, there is a need to 
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explore the advantages of standardized methods such as haematic antegrade repriming (279), 

which has been shown to be a safe strategy, primarily benefiting from a standardized 

reduction of CPB priming to 300 ml (253, 280). 

 

4.2.6 Coagulation-friendly environment  

The biochemical reactions involved in coagulation depend on an optimal temperature and pH 

level for efficient functioning. Hypothermia and acidosis can compromise the generation of 

thrombin, a key enzyme in the coagulation cascade, leading to impaired haemostasis in 

patients. This disruption in the coagulation process can have significant implications for 

patient outcomes, particularly in surgical settings where maintaining haemostasis is crucial 

(281). 

 

Description of the evidence 

Creating a coagulation-friendly environment involves managing several factors, as various 

authors have noted. Significantly, exposure to temperatures below 32°C, metabolic acidosis, 

prolonged aPTT of more than 40 s post-CPB, hypocalcaemia and the ratio of C-reactive protein 

to albumin have been identified as critical contributors to postoperative coagulopathy and the 

subsequent increased requirements for blood products (282, 283). 

There is robust evidence that maintaining strict normothermia throughout the surgical 

process reduces blood loss by better preserving coagulation (284, 285). A recent meta-analysis 

by Shimamura et al. found that during aortic arch surgery, mild hypothermia (28◦C) offers 

organ protection similar to that of lower temperatures, while also being independently 

associated with significantly better outcomes in terms of postoperative bleeding, stroke and 

mortality compared to deep hypothermia (286). 

Although hypothermia can lead to altered coagulation (287), mild-to-moderate 

temperatures (34◦C–36◦C) appear to preserve coagulation more effectively than lower 

temperatures (285). Ku et al. indicated that exposure to severe hypothermia (<26 ◦C) is 

associated with decreased reversal activity of protamine after CPB weaning (288). 

Furthermore, a network meta-analysis focused on temperature management during aortic 

arch surgery found that mild hypothermia (> 28◦C) combined with selective cerebral perfusion 

improved postoperative outcomes and reduced the incidence of postoperative bleeding. 

Progressive rewarming has been shown to be beneficial in reducing pH derangements, 
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coagulopathy and blood loss (281, 289). Additionally, it has been suggested that lower 

intraoperative core temperatures exacerbated coagulation and fibrinolysis disorders, altering 

the procoagulant function of platelets in the postoperative period (290). In line with recent 

recommendations from the EACTS/Society of Thoracic Surgeons (STS) Guidelines for the 

Management of Aortic Disease, Tveita et al. indicated that rapid rewarming after hypothermia 

is associated with coagulopathy, and therefore, maintaining gradients while increasing the 

patient's core temperature seems to be beneficial in reducing bleeding complications (291, 

292). 

The importance of maintaining a coagulation-friendly environment also extends to 

keeping a physiological pH balance. Retrospective studies have indicated that metabolic 

acidosis, hypoalbuminemia and hypocalcaemia are predictors of severe bleeding in cardiac 

surgery patients and should be treated in a timely manner (283, 293). 

Although some authors have hypothesized that nitric oxide (NO) delivery during CPB 

may positively affect coagulation preservation, the evidence is still evolving. Toomasian et al. 

found that the addition of NO mitigated platelet loss and the expression of CD11b on 

granulocytes in an animal model, which exposed piglets to an air–blood interface (294). A 

recent meta-analysis concluded that delivery of NO through the extracorporeal membrane 

provides anti-inflammatory effects in children (295). However, the potential benefits in adults 

and the indirect contribution to coagulation still need to be clarified. 

Finally, considering that the RBC concentration affects bleeding and thrombosis due to 

its interaction with cellular and molecular components of the haemostatic system and its 

impact on blood viscosity, a coagulation-friendly environment should include the avoidance 

of severe anaemia. Some authors have observed that low haematocrit levels are associated 

with bleeding, whereas high haematocrit levels are associated with thrombosis and the 

formation of RBC aggregates. Therefore, optimizing RBC levels during CPB is also a crucial 

factor to consider for preserving haemostasis, beyond its role in oxygen transport (296). 

In summary, to effectively reduce bleeding and minimize the need for transfusions, it 

is essential to maintain physiological conditions, particularly normothermia and a pH level 

near 7.4, which are crucial for the optimal functioning of the coagulation system. 

 

Recommendation Table 7. Recommendations for cardiopulmonary bypass techniques in 

patient blood management 
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Recommendations Classa Levelb Refc 

Implementation of multiple institutional measures to 

reduce haemodilution during CPB is recommended to 

reduce anaemia, transfusion and postoperative bleeding. 

I B (222, 223, 
229, 230) 

Combining the priming volume with colloids to reduce 

transfusions is not recommended. 

III A (224-228, 
273) 

Optimizing CPB systems using coated and reduced surface 

areas and avoiding direct blood reinfusion are 

recommended to increase haemocompatibility and 

reduce bleeding complications. 

I B (229, 232, 
233, 235-

237) 

MiECC should be considered over conventional CPB 

systems to reduce the risk of transfusions and bleeding. 

IIa B (229, 239, 
243, 245-
247, 251, 

252) 

The use of cell salvage should be considered in order to 

prevent transfusions. 

IIa B (237, 256-
258, 262, 

265) 

Modified ultrafiltration should be considered as part of a 

blood conservation strategy. 

IIa A (274, 275) 

Autologous priming, either retrograde or antegrade, is 

recommended as part of a blood conservation strategy. 

I A (224, 231, 
253, 267-

273) 

Maintenance of normothermia during the entire surgical 

process should be considered to reduce coagulopathy and 

blood loss. 

IIa B (284, 289, 
290) 

Maintenance of normal pH during the entire surgical 

process should be considered to reduce coagulopathy and 

blood loss. 

IIa B (293) 

In cases requiring hypothermia, mild hypothermia (above 

28ºC) is recommended over lower targeted temperatures 

to minimize postoperative blood loss. 

I B (285, 286) 

CPB: cardiopulmonary bypass; MiECC: minimally invasive extracorporeal circulation circuit.  

a Class of recommendation.  
b Level of evidence.  
c References. 
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4.3  Intraoperative anticoagulation 

Anticoagulation during CPB is an important part of the surgical procedure. Heparin is the 

anticoagulant most commonly used due to its rapid onset of action and the ability to safely 

reverse its effects with protamine sulphate. The protamine dose is calculated based on the 

dose of heparin administered to ensure effective reversal while minimizing the risk of 

protamine-related complications. Proper anticoagulation and its reversal are essential for a 

successful outcome of cardiac surgery with CPB. 

 

4.3.1 Heparin and anticoagulation monitoring 

Heparin binds to AT and significantly increases the ability of AT to deactivate thrombin and 

FXa, which increases their inactivation by up to a thousand-fold. The efficacy of heparin 

anticoagulation is assessed using the ACT test, with target values between 300 and 600 s. 

These values vary depending on the measurement method and the heparin dosing strategy. 

In addition, the varying efficacy of heparin may require personalized anticoagulation 

approaches. Heparin dosing is generally based on the patient's body weight and starts with a 

dose of 300 to 600 units per kilogram body weight (IU/kg). If ACT levels drop significantly 

during the CPB procedure, additional doses should be administered. However, this approach 

has its pitfalls, e.g. heparin resistance, which can lead to inadequate anticoagulation, and post-

operative heparin rebound, which can increase the risk of bleeding. To mitigate these 

challenges, continuous monitoring and adjustments of heparin dosing during surgery are 

essential to optimize anticoagulation therapy and enhance patient outcomes. 

 

Description of the evidence 

Although the management of heparin anticoagulation in cardiac surgery is of critical 

importance, the available evidence is weak and inconsistent. Whereas some studies suggest 

that a heparin level-guided management strategy may improve perioperative blood 

conservation (297, 298), others showed no significant differences in blood loss or transfusion 

requirements when comparing heparin management strategies guided by ACT or heparin 

level-guided measurements (299, 300). Despite potential benefits in reducing heparin dosage 
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using heparin level-guided management, several RCTs have found no significant differences in 

postoperative bleeding and transfusion rates when comparing different heparin dosages 

across diverse surgical contexts (301-304). Optimization of heparin anticoagulation is an 

attractive concept, but the lack of solid evidence from comparative studies limits definitive 

recommendations. In current practice, both ACT with kaolin- or celite-guided anticoagulation 

(305) and heparin level-guided measurement are used for anticoagulation management 

during cardiac surgery. Further research is needed to clarify the optimal approach and to 

ensure patient safety and effective blood conservation. 

 

4.3.2 Protamine 

Protamine plays a vital role in neutralizing the anticoagulant effect of heparin following 

weaning from CPB. Typically, its dosage is calculated in relation to the initial heparin dose, 

functioning by binding to and inactivating circulating heparin–AT complexes, thereby restoring 

procoagulant properties to the blood. However, inappropriate protamine dosing can lead to 

postoperative bleeding due to incomplete heparin neutralization or, conversely, to excessive 

bleeding due to overdosing. Overdosing can suppress platelet function, diminish clot firmness 

and excessively activate fibrinolysis (306). Furthermore, even with optimal dosing, 

administration of protamine can induce various adverse reactions, such as immunologic and 

inflammatory changes, which can present as hypotension, bradycardia, pulmonary 

vasoconstriction or allergic responses. To mitigate these risks, a slow infusion of protamine is 

recommended, and prophylactic measures, including the use of ASA or antihistamines, may 

be taken. 

 

Description of the evidence 

A statistical model for protamine titration compared to a fixed protamine-to-heparin dose 

ratio (1:1) showed a significant reduction in total protamine dose with beneficial effects on 

coagulation as measured by ROTEM (307). Individualized heparin monitoring resulted in a 

significant reduction in the protamine dose, which in turn was associated with less 

postoperative chest drainage (304, 308, 309). Several studies have found an association 

between a higher protamine-to-heparin ratio and a higher need for postoperative blood 

products (310, 311). Further studies have confirmed that a protamine-to-heparin ratio in the 
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range of 0.6:1 resulted in a significant reduction in postoperative blood loss and transfusion 

requirements compared to a ratio of 1:1 or higher (301-303). In addition, an RCT showed that 

patients who received a protamine-to-heparin dose ratio of 0.8:1 had less attenuation of 

thrombin generation, less postoperative bleeding and a lower requirement for blood products 

than patients who received a higher protamine dose (312). 

In summary, reducing the protamine-to-heparin dose ratio < 1.0 based on the initial 

heparin dose is recommended as part of a patient blood conservation strategy in cardiac 

surgery, because this approach may contribute to better postoperative outcomes and a 

reduced need for blood products 

 

4.3.3 Heparin resistance 

Patients who are resistant to heparin may have low AT levels or a dysfunctional form of AT. 

Heparin resistance is usually defined as achieving an ACT of less than 400 s after administration 

of 300 IU/kg heparin. This resistance may necessitate higher heparin doses to reach the 

desired ACT, increasing the risk of residual heparin postoperatively. Alternatively, given the 

elevated clotting risk in patients with AT deficiency, AT levels can be replenished by 

administering recombinant AT prior to or during CPB. The goal of strategy is to improve the 

efficacy of heparin anticoagulation and reduce the risk of postoperative complications related 

to heparin resistance. 

 

Description of the evidence 

Heparin sensitivity can be influenced by several factors, including hypoalbuminemia, 

hereditary and acquired AT deficiency, active endocarditis, high fibrinogen levels, 

thrombocytosis, smoking behaviour, chronic aortic dissection, high paraprotein levels and 

even a history of COVID-19 (313-318). In a retrospective study of CABG patients who 

underwent cardiac surgery and were previously treated with LMWH, a 1- to 5-times higher risk 

of developing heparin resistance was observed (319). Several RCTs have shown that treatment 

with recombinant human AT restores heparin sensitivity and promotes therapeutic 

anticoagulation in CPB (320-322). Although the effects on postoperative bleeding are variable, 

the primary benefit is in improving heparin sensitivity and ensuring effective anticoagulation 

during CPB. Observational studies suggest that AT supplementation can effectively resolve 

heparin resistance even when preoperative AT levels are in the normal range (316). In addition, 
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administration of AT was associated with a significantly lower risk of death than transfusion of 

FFP in these cases (323). In an RCT involving 425 adult patients who received either a single 

dose of AT to achieve a 20% absolute increase in AT activity over pretreatment or a placebo 

prior to surgical incision, AT supplementation did not result in a reduction in postoperative 

morbidity and mortality (324). Consistent with this finding, a recent meta-analysis of RCTs of 

preoperative AT supplementation in patients with lower AT levels found no significant benefit 

from blood conservation and indicated a potential increase in hospital deaths and AKIs after 

cardiac surgery (325).  

In summary, AT supplementation is indicated in patients with AT deficiency to improve 

heparin sensitivity, with the primary role of AT supplementation being to ensure effective 

anticoagulation during CPB rather than to reduce postoperative bleeding. FFP may be 

considered as an alternative to AT supplementation in patients with AT deficiency to improve 

heparin sensitivity. 

 
4.3.4 Heparin-induced thrombocytopenia 

Heparin-induced thrombocytopenia is a major challenge for patients undergoing CPB 

procedures due to the immune-mediated reaction between heparin and platelets. This 

reaction can lead to potentially life-threatening complications such as thrombosis and severe 

bleeding. Therefore, early detection of anti-heparin antibodies and the use of alternative 

anticoagulation strategies are crucial. 

 

Description of the findings 

Several treatment options have been proposed for the management of HIT, including direct 

thrombin inhibitors (DTIs) such as bivalirudin or argatroban, plasma exchange, intravenous 

immunoglobulin and the combination of potent antiplatelet agents such as tirofiban or 

cangrelor with heparin (326). However, intravenous immunoglobulin and plasma exchange 

have been associated with a significantly increased risk of major bleeding (327), and the 

evidence for the use of cangrelor is limited and consists mainly of case reports (328). Special 

attention should be given to identifying anti-platelet factor 4 (PF4) antibodies, because these 

are positive during active heparin-induced thrombocytopenia and thrombosis but may 

disappear over time. If this occurs, heparin can be administered as the sole anticoagulant 
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(329). A systematic review found that DTIs such as bivalirudin, lepirudin and argatroban may 

be the anticoagulant of choice for patients with HIT (330); however, no universal protocol is 

approved for the latter. Despite the lack of antidotes for DTIs, bivalirudin is often considered 

the preferred alternative anticoagulant in CPB due to its shorter metabolization time and 

lower incidence of adverse events when used at an appropriate dose (331-334). In patients 

without HIT undergoing cardiac surgery, the safety data for bivalirudin were comparable to 

those of the heparin-protamine administration strategy (335).  

Nevertheless, further RCTs are needed to gain more solid insights into the optimal 

anticoagulation strategy for patients with suspected or confirmed HIT undergoing cardiac 

surgery. 

 

Recommendation Table 8. Recommendations for intraoperative anticoagulation 
 

Recommendations Classa Levelb Refc 

Management of heparin anticoagulation with either ACT-

guided measurements or heparin-level guided 

measurements is recommended. 

I A (297-300, 

303-305) 

Protamine administration is recommended in a protamine-

to-heparin dosing ratiod <1.0 to avoid overdosing and 

reduce bleeding complications. 

I B (307, 308, 

310-312) 

Individualized heparin and protamine management should 

be considered to reduce postoperative coagulation 

abnormalities and bleeding complications after cardiac 

surgery with CPB. 

IIa B  

(304, 308, 

309) 

When starting surgery, AT supplementation is 

recommended in patients with AT deficiency to improve 

heparin sensitivity.  

I A (320-322) 

Perioperative AT supplementation is not routinely 

recommended to reduce bleeding following CPB. 

III B (324, 325) 

In patients with HIT antibodies for whom surgery cannot be 

postponed, anticoagulation with bivalirudin rather than with 

argatroban should be considered during CPB. 

IIa B (331-333, 

335) 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 62 

ACT: activated clotting time; AT: antithrombin; CPB: cardiopulmonary bypass; HIT: heparin-induced 

thrombocytopenia.  

a Class of recommendation.  
b Level of evidence.  
c References. 
d Protamine-to-heparin dosing ratio based on the initial heparin dose. 

 

 

4.4  Intravascular volume 

Intravascular volume management is essential during cardiac surgery to minimize 

haemodilution from fluid infusion and CPB. Implementing effective institutional strategies and 

fostering multidisciplinary collaboration to control intravascular volume can help reduce the 

risk of bleeding and the need for transfusions. 

 

4.4.1 Goal-directed haemodynamic therapy 

Goal-directed haemodynamic therapy (GDT) refers to the use of various haemodynamic 

measurements, such as heart rate, blood pressure, cardiac output and regional cerebral 

oxygen saturation, to guide the administration of intravenous fluids, vasopressors and 

inotropes. The goal is to optimize oxygen perfusion and delivery while limiting the 

haemodilution. 

 

Description of the evidence 

Several studies have examined the impact of GDT on outcomes in high-risk cardiac surgery 

patients but a limited number focused on researching bleeding complications. An RCT 

included a parallel meta-analysis of RCTs focused on patients with a EuroSCORE >6 and/or a 

recent MI within 14 days. The findings showed that patients receiving GDT were administered 

more intravenous fluids compared to controls from the cessation of CPB until the eighth hour 

following admission to the ICU [1000 ml (625–1500) vs 500 ml (500–1000)], yet there was no 

significant difference in intraoperative PRBC transfusion volumes between the 2 groups [0 (0) 

units vs 1 (1.6) units, respectively; P = 0.32] (336). Another limited RCT involving 146 patients 

evaluated 30-day mortality rates among high-risk patients (EuroSCORE > 6; left ventricular 

ejection fraction < 50% and/or combined surgical procedure) where GDT was used. No 
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difference in 30-day mortality was observed between the GDT and usual care groups. 

Additionally, there were no significant differences in secondary outcomes, including 

crystalloid [550 ml (500–660) vs 540 ml (500–630); P = 0.16] and colloid [390 ml (340–500) vs 

370 (330–460); P = 0.07] fluid usage, as well as red blood cell transfusions (20 ± 31 units vs 10 

± 16 units; P = 0.06) (337). 

Although vasopressors are often used to treat low blood pressure perioperatively, 

their excess use may potentially lead to increased blood loss due to the rise in blood pressure. 

On the other hand, using a vasopressor to regulate mean arterial pressure could alleviate the 

haemodilution that occurs during anaesthesia and CPB (338). One RCT demonstrated that the 

implementation of GDT, which includes the administration of fluids, inotropes and 

vasopressors, did not significantly impact transfusion requirements (2.1 ± 2.8 units in the study 

group vs 1.8 ± 2.7 units in the control group; P = 0.47), despite a higher utilization of 

vasopressor therapy compared to the control group (339). Due to the limited data available, 

it is challenging to make evidence-based conclusions regarding the benefits of GDT specifically 

in the PBM setting. 

 

4.4.2 Crystalloids and colloids 

Perspectives on the optimal fluid management strategies for cardiac surgery are diverse. The 

majority of conducted RCTs are limited in sample size and focus on the effects of different 

priming solutions on patient-specific outcomes, such as renal protection or haemostasis, with 

the need for allogeneic transfusions serving mainly as a secondary end point. 

 

Description of the evidence 

Priming solutions 

The impact of priming solutions on postoperative bleeding and blood product transfusions 

was evaluated by comparing 6% hydroxyethyl starch (HES) 130/0.4 (mean molecular weight, 

130 kDa; degree of substitution) and 6% HES 400/0.7 prime with gelatine, albumin or Ringer's 

acetate. The use of 6% HES 130/0.4 did not significantly affect blood loss or transfusions. 

However, adding albumin to an HES 130/0.4 prime (339) or using 6% HES 200/0.5 with 3.5% 

gelatine (340) was associated with reduced postoperative blood loss. Conversely, a synthesis 

of prospective studies, which scrutinized priming solutions against blood loss and transfusion 
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requirements as their main outcomes, revealed no significant disparities in postoperative 

blood loss when comparing different HES solutions (341-344).  

 

Volume therapy 

A PSM analysis assessed the effect of colloid use versus non-colloid administration on 

postoperative renal function and transfusions (345). Although no significant differences were 

found in the number of PRBC transfusions between groups with no HES versus those receiving 

HES (47% received < 1,000 mL and 53% received ≥ 1,000 mL of HES), a significant increase in 

the odds of receiving FFP, PLTC and cryoprecipitate was observed particularly in patients who 

received ≥ 1,000 mL of HES. 

Furthermore, postoperative bleeding and transfusions were the major end points of 2 

non-blinded RCTS evaluating intraoperative volume therapies. The first compared 6% HES to 

5% albumin during off-pump CABG procedures, resulting in considerably higher 12-h chest 

drainage volume in the HES group (732 vs 563 ml; P<0.001) (346). Additionally, the second 

study investigated blood loss when using 6% HES 130/0.4 (instead of HES 200/0.5) or 3.5% 

gelatine and found similar blood loss (19.4 vs 19.2 ml/kg) in cardiac surgery patients with 

cardiopulmonary bypass (347). Similarly, a 3-armed RCT found no difference in 24-h blood loss 

between 5% albumin or Ringer's lactate and 6% HES 130/0.4 (835 vs 670 vs 700 ml; P=0.085). 

However, the albumin and HES groups had greater PRBC transfusion rates than the Ringer's 

lactate group (58% vs 61% vs 24%, respectively; P = 0.001), whereas the HES group had the 

highest creatinine levels (348). 

In summary, studies designed to demonstrate differences in blood loss or transfusion 

requirements have shown comparable results across various priming solutions and 

perioperative volume strategies. However, concerns regarding the potential association of 

HES with AKI and increased mortality rates have led to a decrease in the use of starches as 

volume therapy during cardiac surgery (349). Consequently, it is not recommended to use 

modern low-molecular-weight starches in either priming or non-priming solutions to reduce 

bleeding and allogenic transfusions. 
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4.4.3 Haemodilution and cardioplegia 

Haemodilution has the potential to enhance microcirculatory perfusion and reduce blood 

viscosity, both of which can be beneficial to a certain extent. However, it also leads to a 

decrease in the concentration of blood cells and coagulation factors during and after CPB, 

which may impact organ function and postoperative haemostasis. Despite the increased 

adoption of strategies to reduce priming volume, certain types of cardioplegias, such as high-

volume crystalloid cardioplegia, still induce significant intraoperative haemodilution.  

 

Description of the evidence 

Haemodilution effects 

The effects of haemodilution have been a significant focus in recent research. Large database 

studies have linked lower HCT values to increased morbidity (350), more in-hospital deaths 

(351) and a greater need for PRBC transfusions (222). The authors of a meta-analysis 

concluded that using smaller circuits could mitigate haemodilution, lessen postoperative 

bleeding and reduce transfusion requirements (240). Further, 2 prospective studies explored 

strategies to manage haemodilution without MiECC systems, employing either a 

multimodality blood conservation approach or a reduction in intravenous fluids during surgery 

(352, 353). Both identified a notable decline in transfusion rates as HCT values increased. 

Additionally, an RCT examining the impact of mild versus moderate haemodilution found 

significantly fewer neurologic complications with restricted haemodilution (354), including a 

lower rate of neurocognitive dysfunction in patients with limited haemodilution (18.7% vs 

32.2%; P = 0.042). Another RCT that compared a haemodilution strategy with standard care—

including ANH, autologous priming and oxygenator size reduction—observed that the group 

with reduced haemodilution required significantly fewer PRBC transfusions. This group also 

experienced shorter extubation times, less chest tube drainage and reduced hospital stays 

(355).  

In light of these findings, limiting haemodilution is advisable as a component of blood 

conservation strategies to decrease both bleeding and the necessity for transfusions. 

 

Cardioplegia effects 

Although the differences in outcomes between crystalloid and blood cardioplegia solutions 

have been extensively studied for decades (356), most studies did not reveal the risk of 
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bleeding complications and transfusion rates. In an RCT including 100 patients, crystalloid 

cardioplegia was compared to blood cardioplegia and was associated with significantly higher 

intraoperative haemodilution, greater blood loss and more PRBC transfusions (357). On the 

other hand, a large registry-based study found no statistically significant relationship between 

the type of cardioplegia and the likelihood of receiving a transfusion of PRBCs (358). Even 

higher transfusion rates were reported among those receiving blood cardioplegia compared 

to those receiving del Nido cardioplegic solution (359). 

In summary, there appears to be a difference in the approach to haemodilution 

management when different crystalloid cardioplegias are used. Haemofiltration is utilized 

more often in combination with large-volume crystalloids such as Custodiol (histidine-

tryptophan-ketoglutarate) and del Nido solutions, diminishing the effects of intraoperative 

haemodilution. When the utilization of haemofiltration to reduce haemodilution is not 

possible, cardioplegia with a limited crystalloid content should be considered as the preferred 

strategy in patients with anaemia, low BSA or chronic kidney disease or in patients undergoing 

complex procedures to reduce the risk of complications.  

 

4.4.4 Acute normovolaemic haemodilution 

During ANH, the patient donates blood just before the onset of surgery that is replaced by an 

equal amount of volume to maintain normovolaemia. The donated blood is retransfused after 

CPB, but this practice comes at the cost of lower HCT values during surgery. 

 

Description of the evidence 

A recent systematic review and meta-analysis including 29 RCTs investigated the effect of AHN 

using a variation of colloid, albumin and crystalloid volume replacement on allogeneic PRBC 

transfusion requirements in adult and paediatric cardiac surgical procedures (360). In the 21 

studies with allogeneic blood transfusions as a predefined study end point, patients subjected 

to ANH received fewer PRBC transfusions (−0.79 units; 95% CI −1.25 to −0.34; P = 0.001), albeit 

with a considerable variation in the effect size between studies (360). Moreover, most of the 

studies with a large benefit of ANH on PRBC transfusions were published before 2001. In the 

studies reported after 2001, only half of the studies showed a benefit of ANH for PRBC 

transfusions. ANH was also associated with a statistically significant, but clinically irrelevant, 
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reduction in postoperative bleeding compared to the control (388 ml vs 450 ml, P<0.001). 

These findings have been similar to those from another meta-analysis that indicated that ANH 

could reduce the number of PRBCs transfused in the CABG operation (361). In a PSM analysis 

including 168 patients, it was suggested that the large-volume ANH (median 1100 ml) versus 

the low volume ANH (median 400 ml) resulted in a transfusion RR of 0.58 (95% CI 0.39–0.88) 

for RBCBs and 0.63 (95% CI 0.44–0.89) for other blood components (362). 

In a more recent RCT, a haemodilution reduction technique was compared to the 

standard CPB technique (355). This technique incorporated a combination of ANH, RAP and 

reduction in oxygenator size. The haemodilution reduction group received significantly fewer 

PRBC transfusions than the standard care group (0.0±0.1 vs 1.4±0.6; P < 0.001). This finding is 

not surprising, given the massive contrast in net prime volumes: 400 ml in the intervention 

group versus 1500 ml in the standard care group. This significant difference complicates 

attributing the reduction in PRBC transfusions specifically to ANH. 

In summary, ANH may have a beneficial effect on postoperative transfusion rates, 

especially with higher volumes of ANH and especially when combined with other 

haemodilution reduction techniques. 

 

Recommendation Table 9. Recommendations for intravascular volume 

Recommendations Classa Levelb Refc 

Limitation of haemodilution is recommended as part of a 

blood conservation strategy to reduce bleeding and 

transfusions. 

I A (222, 350, 
352-355) 

Acute normovolaemic haemodilution may be considered to 

reduce postoperative transfusions. 

IIb A (355, 360-
362) 

The use of modern low-molecular-weight starches in 

priming and non-priming solutions to reduce bleeding and 

transfusions is not recommended. 

III B (345, 346, 
348) 

CPB: cardiopulmonary bypass. 
a Class of recommendation.  
b Level of evidence.  
c References. 
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5. Perioperative coagulation and transfusion 

Effective perioperative management of patient haemostasis is crucial in closing the circle of 

PBM in cardiac surgery. Diagnosing and guiding the treatment of haemostatic abnormalities 

through specific procoagulant interventions or the use of blood transfusion products is 

essential to ensure optimal patient outcomes. This approach not only addresses immediate 

postoperative bleeding concerns but also contributes to the overall success of PBM strategies 

in cardiac surgical procedures. 

 
 

5.1  Procoagulant interventions 

Procoagulant interventions play a pivotal role in managing haemostasis during and after 

cardiac surgery. These strategies include the use of antifibrinolytics, FFP, factor XIII (FXIII), 

fibrinogen supplementation, PCC, desmopressin (DDAVP) and rFVIIa. Each intervention plays 

a specific role in enhancing the coagulation process, addressing deficiencies in coagulation 

factors or stabilizing the formation of blood clots. The careful selection and application of 

these procoagulant measures are essential components of a comprehensive approach to PBM 

in cardiac surgery. 

 

5.1.1 Antifibrinolytics 

Antifibrinolytic therapy is commonly used in cardiac surgery to minimize bleeding, the need 

for blood product transfusions and the incidence of reoperations for bleeding. Three 

antifibrinolytics—TXA, EACA and aprotinin—are utilized for this purpose. Although aprotinin 

was withdrawn from the market in 2007, it is today approved in Europe for on-pump CABG. 

 

Description of the evidence 

Tranexamic acid 

The ATACAS RCT compared TXA with placebo in patients undergoing CABG surgery and 

demonstrated a reduction with TXA in the risk for re-exploration (1.4% vs 2.8%, P<0.001) and 

in the need for any blood product transfusion (37.9% vs 54.7%; P<0.001) (363). These results 

have also been demonstrated in several meta-analyses summarizing available RCTs (364, 365). 
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The most significant reported side effect of TXA is convulsive seizures (366). The 

ATACAS trial showed that low-dose (50 mg/kg) versus high-dose (100 mg/kg) TXA was not 

safer in terms of seizures (0.7% vs 0.6%, respectively), but the higher dose significantly 

reduced blood loss and red blood cell transfusions (363). High-dose TXA was more effective 

than low-dose TXA in reducing red blood cell transfusions (21.6% vs 26.0%) in a large recently 

published randomized trial (367). Seizures occurred in 1.0% of the patients in the high-dose 

group versus 0.4% in the low-dose group (P = 0.05). The optimal dosing of TXA and possible 

dose adjustments in patients with reduced renal function are not yet clearly defined (367, 

368). 

 

Epsilon-aminocaproic acid 

In comparison with TXA, limited data are available to support the use of EACA in cardiac 

surgery (369). Smaller randomized and observational studies directly comparing EACA and 

TXA have not revealed any consistent differences (370, 371). 

 

Aprotinin 

Several RCTs and meta-analyses have demonstrated aprotinin's efficacy in reducing the risk of 

reoperation for bleeding (RR 0.46, 95% CI 0.34–0.63; P<0.001) and the need for blood product 

transfusion (RR 0.68, 95% CI 0.63–0.73; P <0.001) (369). It was suggested that aprotinin was a 

more effective agent than TXA and EACA in reducing allogeneic blood exposure, but the 

difference was small (369). There have been safety concerns with aprotinin, which led to a 

temporary suspension by the European Medicines Agency, but after further investigations 

(372), the suspension was lifted for patients who had CABG. However, in a PSM subgroup 

analysis from the ART (Arterial Revascularization Trial), aprotinin was associated with a 

significantly increased risk of hospital death (1.7% vs 0.2%), acute renal failure (19.0% vs 

14.2%) and 5-year death (10.6% vs 7.3%) (373). Aprotinin was not associated with a reduced 

risk for transfusion or re-exploration in this study.  

In summary, safety studies should be designed to define the dose–response 

relationship of the adverse effects observed following the administration of TXA, considering 

the positive impact these agents have on reducing bleeding. In addition, the role of aprotinin 

in cardiac surgery needs to be explored in further studies. 
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5.1.2 Fresh frozen plasma 

FFP is derived from donated blood by separating the plasma, which contains coagulation 

factors, other proteins and soluble constituents, from cellular elements. An increasing number 

of countries use pooled plasma, which combines plasma from multiple donors and undergoes 

virus inactivation, thus reducing the risk of transfusion-related complications. 

 
Description of the evidence 

A Cochrane review based on RCTs found that prophylactic administration of FFP to patients 

without coagulopathy did not reduce blood loss or transfusion requirements (374). These 

results were consistent with those of previous meta-analyses (375, 376). Additionally, 

therapeutic use of FFP in patients with established coagulopathy or for the reversal of OACs 

had no effect on 24-hour blood loss (375, 377). However, RCTs included in these meta-

analyses were limited by small sample sizes, varied doses of FFP and low methodological 

quality. 

In summary, FFP may be used to reverse the effects of OACs or in cases of persistent 

perioperative bleeding. However, there is no evidence to support the use of prophylactic or 

therapeutic FFP transfusions to reduce bleeding complications following cardiac surgery. 

 

5.1.3 Fibrinogen supplementation 

Endogenous plasma fibrinogen levels are the first coagulation factors to be depleted during 

significant bleeding and haemodilution. Observational studies have suggested an association 

between lower pre- and postoperative plasma fibrinogen levels and higher bleeding risk after 

cardiac surgery (11, 378, 379). Therefore, fibrinogen supplementation has been advocated as 

one of the primary haemostatic goals in patients who bleed after cardiac surgery (380). 

 

Description of the evidence 

A 2018 meta-analysis incorporating 8 RCTs with 597 patients undergoing various cardiac 

operations (381) found that, whereas fibrinogen significantly decreased the proportion of 

patients requiring PRBC transfusions (RR 0.64, 95% CI, 0.49–0.83), it did not substantially 
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reduce overall allogeneic blood product exposure (RR 0.79, 95% CI, 0.53–1.18), including 

PRBC, PLTCs or FFP. 

This meta-analysis included 3 studies with 128 patients given preoperative fibrinogen 

(1–2 g); none reported a decrease in allogeneic blood transfusions. Of the 5 studies with 

intraoperative fibrinogen administration (2–8 g), 1 study juxtaposed fibrinogen infusion with 

PLTC transfusions (382). In 4 studies in which fibrinogen was administered based on ROTEM 

or plasma fibrinogen levels, 2 studies (383, 384) with 167 patients undergoing complex cardiac 

operations reported fewer allogeneic blood products required in the intervention group. The 

other 2 RCTs with 272 patients who experienced bleeding after complex cardiac operations 

did not observe a favourable impact of fibrinogen concentrate infusion on bleeding volume or 

transfusion of blood products (385, 386). A post hoc RCT analysis indicated that elevating 

fibrinogen concentrate beyond 2.87 g/L (or maximal clot firmness of 14 mm in FIBTEM) did 

not further diminish bleeding volume (387). 

Additionally, the 2018 meta-analysis observed no decrease in deaths or other 

significant clinical events, including reoperation, stroke, MI or thromboembolic events (381). 

Nonetheless, due to the limited number of adverse events, more comprehensive safety data 

from larger RCTs are warranted. An international consensus statement has suggested 

considering administering fibrinogen concentrate in patients with microvascular bleeding 

following cardiac surgery and confirmed hypofibrinogenaemia to curtail the need for 

allogeneic blood transfusions (388). However, the evidence is still insufficient to advocate 

conclusively for or against the routine perioperative use of fibrinogen. In an RCT with 735 

patients experiencing relevant post-cardiac surgery bleeding and hypofibrinogenaemia, 

treatment with 4 g of fibrinogen concentrate was found to be non-inferior to 10 units of 

cryoprecipitate in terms of the number of blood components transfused within 24 h 

postoperatively, indicating comparable clinical efficacy between fibrinogen concentrate and 

cryoprecipitate (389).  

In summary, prophylactic fibrinogen administration is not recommended for reducing 

postoperative bleeding and transfusion risks. However, in patients with a low fibrinogen level 

(<1.5 g/L) and signs of persistent microvascular bleeding, fibrinogen substitution should be 

considered to reduce the requirement for transfusions. 
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5.1.4 Prothrombin complex concentrate 

Prothrombin complex concentrate comprises lyophilized, human plasma-derived vitamin K-

dependent coagulation factors. In Europe, only 4-factor concentrates are available, containing 

coagulation factors II, VII, IX and X. Although the concentration of factor IX is standardized, 

the other factors might vary among the different available products. Additionally, PCCs might 

contain various amounts of AT, proteins C, S and Z and heparin (380, 390). When fibrinogen 

levels are low, clot formation times are prolonged. Therefore, administering PCC should be 

considered only after fibrinogen levels have been corrected. 

 

Description of the evidence 

In patients with very high INR values (>4–5) taking VKAs long term who need urgent or 

emergency surgery, the use of PCCs might be advantageous compared to FFP due to the more 

rapid reversal of the anticoagulant effect. In 40 patients with an INR >2.1, the perioperative 

administration of PCC reversed anticoagulation safely; reversal was faster and postoperative 

bleeding volume was lower compared to the administration of FFP (122). However, a 2015 

Cochrane review on the reversal of VKA in patients undergoing cardiac surgery showed no 

evidence of a difference between PCC and FFP in terms of postoperative bleeding and 

transfusion risks (391). Nonetheless, a recent European consensus statement recommended 

considering the use of PCC for patients treated with VKA requiring urgent cardiac surgery 

(392). 

The 2019 Cochrane review (124) on the use of PCC for the treatment of coagulopathic 

bleeding in cardiac surgery, including 2 RCTs (151 patients) and 16 non-RCTs (4842 patients), 

concluded that PCC could potentially be used as an alternative to standard therapy for 

coagulopathy bleeding after cardiac surgery compared to FFP, as shown by moderate quality 

evidence from non-RCTs. This conclusion agrees with a more stringent meta-analysis including 

4 studies with a total of 861 patients (393). The authors of this meta-analysis concluded that 

PCC seems to be more effective than FFP in reducing perioperative blood transfusions in 

patients with significant bleeding after cardiac surgery. Both meta-analyses found no 

additional risk of thromboembolic events and fewer deaths (124, 393). Accordingly, the 

European experts’ consensus statement suggested that PCC at a dose of 25 U/kg might be 

considered in post-cardiac surgery patients with coagulopathy and severe bleeding (392). 
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Neither meta-analysis included the more recently published RCT comprising 100 

patients with excessive microvascular bleeding after cardiac surgery randomized to a PCC dose 

of 15 U/kg or an FFP dose at a volume of 10 to 15 ml/kg. This study suggested no significant 

differences in postoperative chest tube output and in major adverse events. However, 

administration of PCC resulted in enhanced PT and INR correction and fewer PRBC 

transfusions (394). Based on a moderate to a very low quality of evidence, PCC and activated 

PCC might be used as an alternative in refractory non-surgical bleeding after cardiac surgery 

(124, 395). 

In summary, in patients whose bleeding is related to a coagulation factor deficiency, 

PCC should be considered over FFP to reduce bleeding and transfusions. Additionally, PCC 

should be preferred over FFP when rapid normalization of coagulation factors is needed. 

 

5.1.5 Desmopressin 

DDAVP stimulates the release of von Willebrand factor from endothelial cells. It is used as a 

haemostatic agent to prevent and treat bleeding in patients with mild haemophilia (5–50% of 

the normal concentration of clotting factors VIII and IX) and patients with von Willebrand's 

deficiency. DDAVP is sometimes administered to treat postoperative bleeding in patients with 

impaired platelet function undergoing cardiac surgery. 

 

Description of the evidence 

The effects of DDAVP on bleeding in patients undergoing cardiac surgery are summarized in 

an updated Cochrane review of 39 RCTs focusing on cardiac surgery (396) and 2 other meta-

analyses (397, 398). Overall, differences in blood loss when patients were treated with the 

prophylactic use of DDAVP or placebo were small, with low methodological quality and 

unlikely to be clinically important (weighted mean difference, 135 ml; 95% CI −210 to −60 ml, 

and −0.1 units, 95% CI −1.22–1.02 units, respectively). Other meta-analyses indicated as well 

that DDAVP has a small effect on the volume of blood loss and allogeneic blood product 

transfusions (397, 398). Furthermore, they observed that the effect of DDAVP may be more 

profound in subgroups, e.g. for patients on platelet inhibitors, patients with reduced platelet 

function and patients exposed to prolonged CPB times (397). There was no increased risk for 

MI, stroke or any other major thromboembolic complications after the administration of 
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DDAVP (396, 398, 399). However, the risk of clinically important hypotension that required 

fluids and/or vasoactive drugs was more frequent for participants treated with DDAVP than 

for those given placebo (RR 2.81; 95% CI 1.50–5.27) (399).  

In summary, prophylactic use of DDAVP cannot be routinely recommended, but its 

administration might be beneficial in patients who are bleeding and have inherited or acquired 

bleeding disorders or platelet dysfunction (397, 400). 

 

5.1.6 Factor XIII 

FXIII is the terminal enzyme in the coagulation cascade, essential for cross-linking fibrin 

monomers to form a stable fibrin clot. Specific immunologic assays are required to determine 

functional FXIII activity. Low postoperative FXIII levels have been associated with an increased 

risk of bleeding and re-exploration for bleeding after cardiac surgery (401-403).  

 

Description of the evidence 

Two RCTs have evaluated the effect of FXIII supplementation on bleeding and transfusion 

requirements following protamine administration (402, 404). The results showed no 

differences in postoperative bleeding volumes or transfusion rates with any FXIII dosage 

regimen in either study. Additionally, there was no difference in adverse events, including 

thromboembolic events and death, between the intervention and control groups. However, 

subgroup analyses in 1 study suggested that FXIII supplementation in patients with a 

postoperative FXIII level <70% might be beneficial (402). 

Currently, there is no evidence to support the administration of FXIII as beneficial in 

reducing postoperative bleeding volumes or transfusion rates in patients with normal FXIII 

concentrations (>70%). 

 

5.1.7 Recombinant factor VIIa 

rFVIIa is used in the treatment and prevention of bleeding in patients with inherited bleeding 

disorders. The observed haemostatic properties of this agent led to its off-label use in life-

threatening bleeding, but nowadays, its use is considered to be a last resort in the event of 

uncontrollable blood loss. 
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Description of the evidence 

The medical literature increasingly describes the "off-label" use of rFVIIa to treat severe 

bleeding after major surgery in patients without haemophilia and in those with different 

antithrombotic treatments requiring urgent or emergency surgery. Although some studies 

have used it for prophylaxis to prevent bleeding and transfusion, raising caution due to an 

increase in the number of critical serious adverse events, including stroke (405), the majority 

have used it as rescue therapy when conventional surgical exploration and the administration 

of blood products and antifibrinolytic agents have failed to stop the bleeding. Recent findings 

suggest that administering rFVIIa in very low doses (less than 20 mcg/kg) can achieve 

haemostasis without increasing thromboembolic events in patients with refractory bleeding 

(406). Still, extreme caution should be applied, and more research is needed to assess the 

safety and effectiveness of these low doses compared to high-dose rescue treatments before 

modifying the indications and timing for rFVIIa. 

A 2012 Cochrane review analysed 29 RCTs with respect to the prophylactic (1361 

patients) and therapeutic use (2,929 patients) of rFVIIa in patients with or without 

haemophilia (407). Prophylactic rFVIIa use just failed to reach significance in reducing 

transfusion rates (RR 0.85, 95% CI 0.72–1.01) compared to placebo, but this result was 

associated with an increased risk of thromboembolic adverse events (RR 1.35, 95% CI 0.82–

2.25). There was no benefit of the therapeutic use of rFVIIa compared with placebo with 

respect to transfusion rates, but the administration of rFVIIa was associated with reduced 

mortality rates (RR 0.91, 95% CI 0.78–1.06) at the cost of more major thromboembolic events 

(RR 1.14, 95% CI 0.89–1.47). Therefore, the prophylactic use of rFVIIa cannot be 

recommended in cardiac surgery. Its therapeutic use should be considered only in patients 

with uncontrollable bleeding that cannot be managed by other procoagulant interventions. A 

2022 Cochrane review concluded that 4-factor PCC may have equal efficacy compared to 

rFVIIa for patients experiencing significant bleeding during cardiac surgery (124).  

 

Recommendation Table 10. Recommendations for procoagulant interventions 

Recommendations Classa Levelb Refc 
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Antifibrinolytic therapy is recommended to reduce 

bleeding and transfusions of blood products and 

reoperations for bleedingd. 

I A (363-365) 

The prophylactic use of FFP to reduce bleeding is not 

recommended. 

III B (374, 376, 
377) 

For rapid reversal of VKAs, PCC should be considered over 

FFP. 

IIa A (122, 391) 

Prophylactic fibrinogen administration is not 

recommended. 

III A (381, 385) 

In the bleeding patient with a low fibrinogen level (<1.5 g/L) 

or the equivalent value in viscoelastic testing, fibrinogen 

supplementation should be considered to reduce 

postoperative bleeding and transfusions. 

IIa B (381) 

In patients with significant bleeding after cardiac surgery 

due to coagulation factor deficiency, the administration of 

PCC should be considered instead of FFP to reduce 

postoperative blood transfusions. 

IIa B (124, 393) 

The prophylactic use of DDAVP is not recommended to 

reduce bleeding complications. 

III A (396-398) 

In bleeding patients with platelet dysfunction, the use of 

DDAVP should be considered to reduce bleeding 

complications. 

IIa C (397) 
 

In bleeding patients with FXIII activity <70% after CPB, the 

administration of factor FXIII may be considered to reduce 

coagulopathy and blood transfusions. 

IIb B (402) 

The prophylactic use of rFVIIa is not recommended to 

prevent bleeding complications. 

III B (405, 407) 

In patients with refractory, non-surgical bleeding, off-label 

use of rFVIIa may be considered to reduce bleeding 

complications. 

IIb B (407) 
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CPB: cardiopulmonary bypass; DDAVP: desmopressin; FFP: fresh frozen plasma; FXIII: factor XIII; PCC: 

prothrombin complex concentrate; rFVIIa: recombinant activated factor VII; VKA: vitamin K 

antagonist.  
a Class of recommendation.  
b Level of evidence.  
c References. 
d Bleeding is defined as persistent, non-surgical microvascular blood loss.  

 

5.2  Transfusion strategies 

Effective transfusion strategies are crucial in cardiac surgery to minimize the risks associated 

with transfusions while providing essential support for haemostasis and tissue oxygenation. 

These strategies encompass ensuring the quality of blood products, implementing algorithm-

guided therapy for perioperative bleeding and establishing transfusion triggers for PRBCs and 

PLTCs. By adhering to evidence-based, patient-centred care, health-care professionals can 

mitigate potential problems by optimizing blood use, minimizing unnecessary transfusions 

and improving patient outcomes through practices tailored to individual patient needs. 

Implementing a blood use initiative significantly improves postoperative morbidity and 

mortality, reduces health-care costs by limiting intraoperative and postoperative blood 

product transfusions and is bolstered by effective collaboration, making it a highly 

recommended significant step in improving patient care (408-411). 

 

5.2.1 Quality of blood products 

Stored PRBCs or FFP shows efficacy comparable to that of fresh products but differs in terms 

of the risk of transmission of bacterial or viral infections (412, 413), transfusion-related acute 

lung injury (TRALI) (414, 415), and transfusion-related immune modulation (TRIM) (416-418). 

To reduce TRALI, FFP and PLTCs must be collected from men, women who have not been 

pregnant and women who have tested negative for HLA antibodies (414). The effects of TRIM 

are assumed to be caused by allogeneic mononuclear cells, white-blood-cell-derived soluble 

mediators and HLA peptides, transfused mainly via PRBCs (416). TRIM has been associated 

with increased rates of mortality and morbidity in cardiac surgery and an increased risk of 

developing infections (417, 418). 

 

Description of the evidence 
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In the RECESS (Red-Cell Storage Duration) study, 1,098 cardiac surgical patients were 

randomized to receive exclusively “new” (≤ 10 days) or “old” (≥ 21 days) leucocyte-depleted 

PRBCs (419). No differences were found in multiple organ dysfunction and mortality rates 

between the 2 groups. These results are in line with those of a large Swedish registry that 

compared the outcomes of 47,071 cardiac surgery patients from 1997 to 2012 who were 

transfused exclusively with PRBCs stored for <14 days (36.6%), 14–27 days (26.8%), 28–42 

days (8.9%) or of mixed age (27.8%) (420). No differences were noted in terms of 30-day, 2-

year and 10-year mortality rates or in relation to 30-day organ dysfunction or serious infection 

(420). A current meta-analysis that included the RECESS and the large ABLE (Age of Blood 

Evaluation) trial (420, 421) showed that red blood cell storage time does not impact mortality 

rates, adverse events or nosocomial infections (422). 

Leucocyte reduction of PRBCs is standard practice across Europe and preserves the 

quality of PRBCs during storage and impacts favourably on morbidity (418). In a prospective 

RCT including 1,085 patients undergoing cardiac surgery, patients received either buffy coat-

depleted or leucocyte-depleted erythrocytes. Although no differences in mortality rates were 

shown, patients receiving leucocyte-depleted PRBCs had a reduced infection rate compared 

to controls (21.6% vs 31.6%; OR 1.64, 95% CI 1.08–2.49) (418). Similarly, a large retrospective 

study of roughly 10,000 patients showed no association of mortality rate when 1 to 2 units of 

leucodepleted PRBCs were transfused (423). A smaller prospective study investigated the 

effects of leucodepletion on early postoperative outcome. The duration of mechanical 

ventilation was lower in the leucodepleted group (10.2 vs 14.7 h), and the risk of AKI was 1.3 

to 2.6 times higher. However, there was no difference in the occurrence of infections (424). 

PLTCs can be produced as single-donor apheresis PLTC or as pooled (4–5 donors) whole 

blood-derived PLTCs. Whereas the risk for TRALI appears to be comparable, an increased risk 

of transmitting infections is associated with whole blood-derived PLTC transfusions (425). A 

retrospective study of 3,272 patients who received single-donor PLTCs aged 2–5 days showed 

no association between PLTC storage age and short-term outcome, survival or postoperative 

infections (426). 

In summary, the present guidelines recommend the use of PRBCs of all ages, because 

the storage time of PRBCs does not impact outcomes. The use of leucocyte-depleted PRBCs 

should be considered due to their association with decreased mortality, although more robust 

research to prove their effectiveness is warranted. 
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5.2.2 Algorithm-guided therapy of perioperative bleeding  

Cardiac surgery accounts for 20% of all national blood product consumption in the United 

States (427). Various reports demonstrate significant institutional variation in the indications 

and utilization of blood components in cardiac surgery. They progressively emphasize the 

importance of a multidisciplinary approach to blood component administration and 

management during the preoperative, intraoperative and postoperative phases (44, 428). 

(Potential preoperative and intraoperative haemostasis checklists are outlined in Figs. 1 and 2, 

with provisional ideas for illustrations provided below.) Postoperative impairment of 

haemostasis following cardiac surgery is well described and may result in significant 

postoperative bleeding in 5–10% of patients, with independently associated increases in 

morbidity and mortality (44, 427-429). 

Structured blood component therapy algorithms and protocols guided by POC TEG and 

thromboelastometry (TEM) are progressively implemented to identify specific coagulation 

disorders in a timely manner, allowing for specific and rapid treatment (430-435). Results from 

TEG/TEM are usually available within 10 to 30 min, and recent RCTs suggest that the 

application of TEG-/TEM-guided algorithms results in a significant reduction in the amounts of 

transfusion products, the rate of severe acute renal dysfunction, other transfusion-related 

complications and the total cost of postoperative cardiac surgery (432). Other potential 

benefits include improved re-exploration rates for bleeding, shorter ventilation times, 

decreased length of stay in the ICU and hospitalization periods compared to traditional 

haemostasis monitoring and empiric transfusion strategies (432-435). 

Large meta-analyses comparing TEG-/TEM-guided transfusion protocols and 

traditional strategies (42) suggest that the use of allogeneic blood products is significantly less 

with TEG-/TEM-guided strategies, which is also confirmed by various RCTs (432, 435-437). 

These studies also demonstrate significant benefits with TEG-/TEM-guided transfusion 

strategies in "high-risk for bleeding" patients, which include emergency procedures in 

anticoagulated patients and complex procedures with prolonged CPB times. Current data on 

the rate of surgical re-exploration for bleeding favour TEG-/TEM-guided strategies, but recently 

published meta-analyses and large institutional reports do not demonstrate statistically 

significant differences compared to traditional strategies (45, 433, 435). Recent investigations 
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propose that TEG/TEM may provide reliable negative predictive values of up to 82% for 

potentially excluding diffuse coagulopathy and may assist in differentiating between surgical 

bleeding and coagulopathy (432). The previously appraised meta-analyses and RCTs also 

suggest that the incidence of coagulopathy overcorrection (iatrogenic hypercoagulability) and 

subsequent postoperative thromboembolic events are reduced with TEG-/TEM-guided 

strategies compared to traditional postoperative coagulation monitoring. Despite the 

additional costs of performing TEG/TEM investigations, recent RCTs suggest that TEG/TEM-

guided transfusion strategies are associated with significant cost reductions (432, 438).  

In summary, previous and recent evidence supports the use of perioperative POC 

testing in cardiac surgery to potentially reduce the requirements for blood transfusions, 

enhance resource management and improve clinical outcomes, including bleeding rates, ICU 

and hospital lengths of stay and overall all-cause mortality. The value of performing additional 

specific platelet function tests in combination with TEG/TEM is currently not well defined 

(436). 

 

5.2.3 Transfusion Triggers  

Transfusion thresholds for PRBC or PLTC transfusions are typically specified as critical HCT/Hb 

values, RBC volume or platelet count/function. However, dynamic techniques also consider 

tissue perfusion and oxygenation (439, 440). Due to different transfusion criteria for PRBC 

transfusions and variations in blood product quality, comparing findings from RCTs in cardiac 

surgery is challenging. 

 

Description of the evidence 

A 2016 Cochrane review that included a total of 31 RCTs involving 12,587 patients across 

various clinical specialties examined different triggers guiding PRBC transfusions (441). In the 

subgroup analysis of 16 RCTs focusing on cardiac surgery patients only, no significant 

difference was found in terms of 30-day mortality and MI between liberal and restrictive 

transfusion strategies. The findings from the Cochrane review served as a basis for a meta-

analysis on patients with cardiovascular disease (442), which concluded that a restrictive 

transfusion strategy safely reduced red blood cell usage by 24% without increasing the risk of 

30-day mortality. Another meta-analysis compared restrictive (Hb 70–80 g/L) to liberal 

transfusion strategies (Hb 90–100 g/L) in cardiac surgery patients. This analysis included 6 
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RCTs with 3,352 patients and showed a reduction in the number of deaths in the restrictive 

regimen group by approximately 30% (440). A more recent meta-analysis of studies published 

from 2012 to 2017 on restricted versus liberal transfusion strategies in cardiac surgery 

patients (443) also concluded that a restricted strategy was non-inferior to a liberal strategy. 

No statistically significant differences were found in the analysis for MI, stroke, AKI or 

infection. 

 

Landmark clinical trials that compared liberal with restrictive transfusion triggers 

TRACS trial: The TRACS (Transfusion Requirements After Cardiac Surgery) trial examined the 

difference between liberal (HCT ≥ 30%) and restrictive (HCT ≥ 24%) transfusion thresholds on 

30-day all-cause mortality and severe morbidity. No significant difference in the composite 

end point of 30-day mortality or severe morbidity was found (10% liberal vs 11% restrictive, 

95% CI, -0.6%–4%; P = 0.85) (444). However, a subgroup analysis of 260 older patients (> 60 

years old) revealed a higher incidence of cardiogenic shock in the restricted transfusion 

threshold group (12.8% vs 5.2%; P = 0.031) (445). 

TITRe2 trial: In the TITRe2 (UK Transfusion Indication Threshold Reduction) study, 2,000 

patients undergoing cardiac surgery were compared between a liberal (Hb < 90 g/L) and a 

restrictive threshold (Hb < 75 g/L) for leucocyte-depleted red blood cells (446). Red blood cell 

distribution was lower in the restrictive group (63.7% vs 94.9%, OR 0.58; 95% CI, 0.54–0.62; P 

< 0.001), while the 90-day mortality rate was twice as high (4.2% vs 2.6%, OR 1.64; 95% CI, 

1.00–2.67; P = 0.045). The trial faced considerable criticism due to issues with transfusion 

thresholds and confounders. 

TRICS III trial: The multicentre, open-label, non-inferiority TRICS III (Transfusion Requirements 

in Cardiac Surgery III) trial investigated the difference in composite outcomes (death from any 

cause, non-fatal MI, stroke or new-onset AKI with dialysis) between a liberal (<95 g/L) and 

restrictive (<75 g/L) transfusion strategy in patients undergoing cardiac surgery (447). Patients 

in the restrictive group received 20% fewer PRBC transfusions (52.3% vs 72.6%, OR 0.41, 95% 

CI 0.37–0.47). No significant difference was found in the primary end point between groups 

with an absolute risk difference of -1.11% in favour of the restrictive strategy (OR 0.90, 95% 

CI 0.76–1.07). Subgroup analysis revealed an interaction of age and the primary outcome. 

Interestingly, the older subgroups (75 years +) favoured a restricted transfusion strategy, with 

younger age groups favouring a liberal approach. A prespecified subgroup analysis of the 
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TRICS III trial investigating the effect of transfusion strategies in 679 diabetic patients on a 

composite postoperative outcome did not find a meaningful association (OR 1.10, 95% CI 

0.93–1.31) at 6 months of follow-up (448). In summary, a restricted transfusion strategy 

proved non-inferior to a liberal transfusion approach. 

MINT trial: The recently published MINT (Myocardial Ischemia and Transfusion) trial focused 

on the potential benefit of adhering to a liberal transfusion strategy in patients with acute MI 

(449). In this study, 3,504 patients were randomized to a liberal (<100 g/L) or restricted (< 70 

or 80 g/L) group. Transfusions were permitted when the Hb was 80 g/L and strongly 

recommended at an Hb of 70 g/L. No significant difference in the composite end point (MI or 

death at 30 days) was found (RR 1.15, 95% CI 0.99–1.34). Subgroup analysis also revealed an 

interaction with age. All age subgroups favoured liberal transfusions, with a trend towards 

restrictive for older patients (>80 years). In summary, the trial did not show a clear benefit in 

terms of mortality and recurrent myocardial ischaemia reduction when a liberal transfusion 

strategy was followed.     

Balancing risk trial: Another RCT conducted at 2 centres in the United States and India was 

designed to test the hypothesis that transfusion triggers of 24% versus 28% HCT result in 

similar postoperative morbidities and mortality and resource use after cardiac surgery (450). 

At the second planned interim analysis, the study was stopped due to crossing the a priori 

futility boundary, i.e. not detecting any treatment effect on the primary composite outcome 

of major postoperative morbidities and mortality. However, the low-transfusion group 

received significantly fewer PRBC transfusions than the high-transfusion group (54% vs 75%, 

P < 0.001), mainly administered in the operating room (low group, 31%; high group, 59%). 

The REALITY trial: The goal of the REALITY (Restrictive and Liberal Transfusion Strategies in 

Patients With Acute Myocardial Infarction) trial, conducted in 35 centres in Spain and France, 

was to evaluate the safety and efficacy of a restrictive versus liberal PRBC transfusion strategy 

in patients with acute MI and anaemia (451). Patients with AMI and Hb levels between 80 to 

100 g/L upon admission were randomly assigned to either a liberal strategy (transfusion for 

Hb ≤100 g/L, with a target Hb >110 g/L) or a restrictive strategy (transfusion for Hb ≤80 g/L, 

with a target Hb of 80–100 g/L). The results of the trial showed that the restrictive PRBC 

transfusion strategy is non-inferior to the liberal strategy at 30 days. However, infections and 

acute lung injury were more common with the liberal strategy. Additionally, total blood 

utilization and costs were lower with the restrictive approach, making it the cost-dominant 
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strategy. However, at the 1-year follow-up, the outcomes between the 2 strategies diverged 

at around 5 months (452). The restrictive strategy was no longer non-inferior to the liberal 

strategy and may even be associated with higher rates of adverse events. 

Although there are notable differences in the practices surrounding platelet 

concentrate transfusion (453), no research has definitively determined a specific platelet 

count or platelet function assay value as a definitive threshold for PLTC transfusions to stop 

or reduce microvascular bleeding due to inadequate platelet count or function (454). 

Observational studies provide limited evidence that platelet transfusion does not correlate 

with an increase in mortality or perioperative complications among cardiac surgery patients 

(454, 455). However, due to the limited number of such studies, their results should primarily 

be viewed as preliminary and hypothesis-generating. In the absence of new findings, the 

writing committee has reaffirmed the expert consensus previously established, which aligns 

with other guidelines dealing with cardiac and other major operations, recommending that 

PLTCs be transfused in patients who are bleeding with a platelet count under 50 (109/L) or 

those experiencing bleeding complications while on antiplatelet therapy. 

In summary, current studies support the use of restrictive PRBC transfusion strategies, 

which include rigorous transfusion triggers during the CPB procedure (456). However, it is 

important to emphasize, based on signals of later hazards, that the patient's clinical condition 

and optimizing the balance between oxygen delivery and extraction in the tissue are more 

critical than adhering to a specific Hb level threshold. The acceptable HCT levels during CPB 

and immediate postoperative care should be tailored based on the patient's risk profile and 

their ability to maintain adequate tissue perfusion and oxygenation.  

 

Recommendation Table 11. Recommendations for transfusion strategies 

Recommendations Classa Levelb Refc 

Implementation of a patient blood management protocol 

for the bleeding patient is recommended.  

I B (408-411) 

The use of PRBCs of all ages is recommended because the 

storage time of the PRBCs does not affect outcomes. 

I A (419-421) 

The use of leucocyte-depleted PRBCs is recommended. I B (418, 423, 

424) 
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Perioperative treatment algorithms for the bleeding 

patient based on viscoelastic POC testing is recommended 

to reduce the number of transfusions. 

I A (42, 45, 47, 

436) 

Restrictive transfusion triggers (≤75 g/L) are recommended 

over liberal triggers (≤90 g/L) if the clinical condition of the 

patient allows it. 

I A (443, 444, 

446, 447) 

For HCT values between 18% and 24%, PRBCs may be 

considered if other measures are not sufficient to maintain 

the adequacy of tissue oxygenation during CPB, including 

DO2 and cerebral oximetry. 

IIb B (456) 

 

 

Platelet concentrate should be considered in bleeding 

patients with a platelet count below 50 (109/L) or those 

patients on antiplatelet therapy with bleeding 

complications after cardiac surgery. 

IIa C - 

CPB: cardiopulmonary bypass; HCT: haematocrit; POC: point of care; PRBCs: packed red blood cells. 

a Class of recommendation. 
b Level of evidence.  
c References. 

 

 

6. Postoperative management 

Postoperative bleeding is a common complication following open-heart surgery, primarily 

resulting from coagulopathies or mechanical factors. Although the risk of reoperation due to 

bleeding after cardiac surgery remains below 4%, more than 50% of postoperative bleeding is 

still due to surgically correctable causes (457). Coagulopathy is present to some extent in all 

patients following CPB, with drug-induced coagulopathy frequently observed due to the 

administration of antithrombotic therapies for various health conditions in the perioperative 

period. Blood component therapy, which includes PRBCs, FFP, cryoprecipitate and PLTCs, 

plays a vital role in managing postoperative anaemia and bleeding. The administration of 

these blood components should adhere to established protocols and be customized to the 

patient's clinical status, with special attention to maintaining appropriate HCT/Hb levels and 
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addressing the clinically relevant coagulopathy. If severe bleeding persists, packing and/or 

delayed sternal closure can be considered. 

 
6.1 Chest tube drainage management  

Effective chest tube drainage is essential in the postoperative management of patients 

undergoing cardiac surgery. This process involves the removal of blood, fluid and air from the 

chest cavity to prevent complications such as haemothorax, pneumothorax, infection and 

cardiac tamponade. The timing of chest tube removal is important, because premature 

removal can lead to retained fluids, and delayed removal can increase the risk of infection and 

prolong the hospital stay. 

 

Description of the evidence 

No robust data exist regarding the optimal timing or fluid output threshold for chest tube 

removal. Previous studies have found an association between chest tube regimens longer than 

24 h and an increased need for analgesics postoperatively, which may prolong postoperative 

recovery. However, no significant difference in the rate of pleural effusions between the groups 

in these studies was observed (458-460). In a recent RCT comparing 2 fast-track chest tube 

removal protocols following cardiac surgery (≤ 24 h vs >24 h), provided there was no air leakage 

and output <200 mL within the last 4 h, there were no significant differences in the need for 

drainage of the pleural cavity or the requirement for analgesics (461). A high rate of effusions 

requiring drainage was found in both groups, and no clinical benefit of a shorter protocol could 

be shown; thus, further RCTs comparing fast-track with prolonged chest tube removal 

protocols are warranted to guide treatment interventions. 

Until recently, drainage collection systems were analogue, relying on manual 

monitoring to evaluate air leaks and fluid characteristics. The lack of automation in these 

systems led to user-dependent variations in data collection and their interpretation. Digital 

drainage systems have revolutionized the way data are collected, providing quantitative, 

longitudinal measurements of both air leaks and fluid discharge (462, 463). Compared to the 

analogue system, the application of the digital drainage system demonstrated a significantly 

decreased incidence of drainage-associated complications and shortened chest tube duration 

in a recent single-centre RCT (464). Still, before more extensive application, these findings 

require confirmation by additional studies. 
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Blood conservation strategies in cardiac surgery have expanded to include 

postoperative autotransfusion of unwashed shed mediastinal blood, which has shown positive 

effects in reducing allogeneic PRBC transfusions (465, 466). However, concerns about inducing 

coagulopathy with the re-transfusion of activated and inflammatory blood have limited its use 

(467). In a study of 1,047 cardiac surgery patients, those assigned to an intra- and 

postoperative blood salvage strategy using the Haemonetics cardioPAT system experienced a 

significant reduction in exposure to PRBCs and slightly fewer complications compared to the 

traditional intraoperative CS group (468). However, a more recent study found that 

postoperative CS did not reduce transfusion requirements compared to intraoperative salvage 

alone and was associated with elevated creatine kinase levels, suggesting haemolysis and 

increased risk of micro fat emboli (469). These findings underscore the importance of 

evaluating the potential risks and benefits of postoperative cell salvage on a case-by-case basis. 

Although minimizing PRBC transfusions in patients experiencing significant bleeding 

complications in the early postoperative period can be an effective strategy, its routine use 

requires careful consideration. 

 

6.2 Triggers for reintervention for bleeding  

Haemodynamic instability often serves as an early warning sign for bleeding and the need for 

reintervention after cardiac surgery. Clinical deterioration is usually indicated by a 

combination of factors such as transoesophageal echocardiography findings, increased 

inotropic and fluid requirements, elevated central venous pressure and falling systemic blood 

pressure, which may suggest the development of cardiac tamponade requiring resternotomy. 

This situation often coincides with the need for blood product transfusions, such as FFP, 

cryoprecipitate, PLTCs and PRBCs. Early re-exploration is recommended to improve survival, 

along with the correction of acid–base disturbances, hypothermia, haemodilution, ionized 

calcium levels and any associated coagulopathy. 

 

Description of the evidence 

Several studies have examined the outcomes of re-exploration after cardiac surgery. A 

retrospective study of 209 patients who underwent re-exploration between January 2005 and 

December 2011 found that patients in the re-exploration group had significantly higher 

transfusion requirements, incidences of postoperative AKI, sternal wound and pulmonary 
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infections, longer ventilation times and ICU stays and higher mortality rates compared to those 

who were not re-explored (470). Another study analysing 3,256 patients undergoing isolated 

off-pump CABG from 2013 through 2020 found that the mortality rate of patients undergoing 

re-exploration for bleeding or tamponade was 28% (471).  

The Association of Cardiothoracic Anaesthesia and Critical Care's national audit in 2018 

revealed that resternotomy after cardiac surgery is associated with a prolonged stay in the ICU 

(median, 5 days), very high rates of PRBC transfusions (89%), renal replacement therapy (23%) 

and a very high mortality rate of 15% (95% CI 12.7–17.5) (472). Moreover, a retrospective 

analysis of 75 patients who had open-heart surgery and subsequently underwent chest re-

exploration for excessive bleeding between March 2018 and March 2020 found that timely 

intervention and early re-exploration were associated with low mortality (473). Another study 

reviewing 10,070 patients found that delayed re-exploration for bleeding after cardiac surgery 

is associated with increased risk for morbidity and mortality, suggesting that early surgical 

intervention, particularly within 4 h, may improve outcomes (474). These findings highlight the 

importance of timely and efficient management of medical coagulopathy and the necessity of 

ruling out surgical bleeding in patients with intractable postoperative bleeding and normal 

coagulation status. The decision for re-exploration should be based on a comprehensive 

assessment of the patient's haemodynamic status and bleeding risk. 

 

6.3 Transfusion triggers 

Postoperative transfusion triggers are essential for optimizing patient outcomes and ensuring 

efficient use of blood products. These triggers should be based on a combination of clinical 

judgement, laboratory values and the patient's overall haemodynamic status. Individualized 

assessment is key, because the decision to transfuse blood should consider factors such as the 

patient's risk for bleeding, oxygenation status and the presence of comorbidities. For 

treatment recommendations, please refer to section 5.2. 

 

6.4 Management of antiplatelet and anticoagulation treatment 

The management of antiplatelet and anticoagulation treatment in the postoperative period is 

critical for balancing the risk of thrombosis and bleeding. Decisions regarding the continuation, 

modification or initiation of these therapies should be guided by a thorough evaluation of the 

patient's clinical history, surgical procedure and current haemodynamic and bleeding status. 
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Close monitoring and interdisciplinary collaboration are essential to ensure optimal patient 

safety and outcomes. For comprehensive guidance, please refer to section 3.2. 

 

 
6.5 Venous thromboembolism prophylaxis 

VTE, which encompasses deep venous thrombosis and pulmonary embolism, is a significant 

contributor to morbidity and mortality following cardiac surgery (475). An extensive study of 

nearly 400,000 patients from the US National Inpatient Sample who underwent CABG revealed 

an incidence of VTE of 1.3% during the hospital stay, with patients diagnosed with VTE facing 

a doubled adjusted risk of mortality compared to those without VTE (476). Risk factors for VTE 

include a history of VTE, obesity, heart failure, chronic obstructive pulmonary disease and 

prolonged immobilization (476). A meta-analysis comprising 16 RCTs and 49 observational 

studies indicated that early pharmacologic VTE prophylaxis significantly lowers the risks of 

pulmonary embolisms and symptomatic VTE without substantially increasing bleeding risk and 

its associated complications (475). For thrombosis prophylaxis, both UFH and LMWH are 

effective options (477). LMWH is often preferred due to its simpler administration and reduced 

monitoring requirements, although dose adjustments may be necessary in patients with renal 

impairment (478). UFH is typically chosen in scenarios with a higher bleeding risk, albeit it 

carries the risk of HIT (479). Given the considerable incidence and high mortality risk 

associated with VTE, prophylaxis with either LMWH or UFH should be initiated postoperatively 

as soon as it is deemed safe and continued until full mobilization is achieved. 

 
6.6 Detection and treatment of heparin-induced thrombocytopenia 

HIT is an immunologic syndrome triggered by antibodies targeting heparin and PF4. It presents 

clinically as severe thromboembolism due to platelet activation, resulting in consumption-

driven thrombocytopenia. The diagnosis relies on the identification of heparin and/or PF4 

antibodies via enzyme-linked immunosorbent assay tests and platelet serotonin-release 

assays, which are now available in most haematological laboratories. Second-generation tests, 

which focus on immunoglobin G and exclude immunoglobin M and immunoglobin A, have 

reduced the overdiagnosis of HIT that was initially common (480, 481). Recent studies have 

further stratified patients into those who are antibody-positive (HIT+) but without ongoing 

thrombosis (HITT-), aiding in risk profiling (482). The onset of antibody formation typically 
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occurs 7 to 14 days after exposure to the antigen, with antibodies persisting for up to 3 

months. Consequently, the risk of HIT is up to tenfold higher in patients undergoing heparin 

infusion prior to surgery (483). With the greater experience of implementing alternative 

anticoagulants in treatment pathways, it is advisable to carefully evaluate the immediate 

suspension of heparin and switch to an alternative treatment, weighing the risks on a case-

by-case basis (484). 

 

Description of the evidence 

Early detection and treatment of this potentially life-threatening condition should be 

systematically organized in steps to minimize risks: A daily platelet count should be performed 

as a baseline filter for early suspicion. At any confirmed sign of platelet drop, immediate 

cessation of heparin and its analogues should take place, and a prompt blood sample should 

be sent for antibody testing. In parallel, a thorough ultrasound evaluation looking for signs of 

thrombosis should be performed. Risk stratification should also take into consideration the 

DTI of the positive HIT Expert Probability or the Lillo-Le Louët score to help evaluate and time 

the therapy. The current body of evidence suggests replacing the 4Ts score with either the HIT 

Expert Probability or the Lillo-Le Louët score, both of which have proven to be more reliable 

and consistent (485-488). Regarding substitutes for heparin to consider when a significant risk 

state is detected, prospective studies have addressed bivalirudin use in CABG and valvular 

operations, with risks almost aligned with traditional approaches. Furthermore, recent 

algorithms have been proposed for managing specific risks in patients scheduled for aortic and 

valvular surgery (489). Bivalirudin has shown particular advantages in off-pump CABG, where 

it might be considered as a first-choice agent in the future to improve early patency (490). 

Argatroban is well-studied with a good risk profile, and ongoing trials may further increase 

confidence in its use and dosage. Due to the favourable safety profiles of these alternatives, 

strategies combining heparin with antiplatelet agents (such as tirofiban and iloprost) have 

become less appealing, especially because of the potential for a rebound in the immunologic 

profile immediately upon suspension of the antiplatelet agent. Finally, plasmapheresis has 

been reported in various studies as a therapeutic option for HIT, presenting mixed outcomes 

and numerous challenges in clinical implementation (484). 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/advance-article/doi/10.1093/ejcts/ezae352/7815985 by guest on 16 O

ctober 2024



 90 

 

6.7 Management of bleeding and anaemia in specific patient populations 

Several patient groups present unique challenges in the management of bleeding and anaemia 

during cardiac surgery, necessitating careful consideration of their specific needs in the 

perioperative period. 

 

Jehovah's Witnesses 

Jehovah's Witnesses (JWs) typically refuse allogeneic blood transfusions because of their 

religious beliefs, making them fully dependent on PBM interventions throughout the entire 

perioperative period. Most JWs accept coagulation factor concentrates and intraoperative CS, 

but each patient's preferences should be discussed individually. Dedicated centres have 

successfully performed various cardiac operations without transfusions by adhering strictly to 

PBM protocols at every stage. Recent studies, including a meta-analysis of 780 JW and 1182 

non-JW patients undergoing elective cardiac surgery, found no significant difference in 

perioperative mortality or postoperative complications between the 2 groups (491-493). 

However, severe acute blood loss anaemia in JW patients was associated with increased 30-

day and 1-year deaths (494). The evidence suggests that refusal of transfusions should not be 

considered an absolute contraindication for cardiac surgery in selected cases, although the 

inability to use allogeneic transfusions can increase the risk of death in the event of serious 

haemorrhagic complications (495). 

 

Haemophilia 

Patients with haemophilia, who are intrinsically prone to bleeding, pose a significant challenge 

for cardiac surgery. The availability of recombinant factors VII, VIII and IX has improved the 

surgical risk profile for these patients. A multidisciplinary team approach involving surgeons, 

anaesthesiologists and haematologists is essential for managing these rare cases, which should 

ideally be centralized in centres with specific expertise. The literature on this topic is limited, 

consisting mostly of retrospective reports and expert consensus papers (496-499), making it 

difficult to formulate generalized recommendations. Centralizing care for these patients is 

advised to manage the logistical challenges of administering and monitoring recombinant 

drugs effectively. 
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Recommendation Table 12. Recommendations for postoperative tube drainage 

management 

Recommendations Classa Levelb Refc 

Tube drainage management 

Active chest tube drainage systems may be considered to 

reduce re-exploration and chest tube clotting. 

IIb B (462, 463) 

Shed-blood management using cell salvage should be 

considered in patients with excessive bleeding. 

IIa B (468, 469) 

Triggers for reintervention for bleeding 

Haemodynamic instability and/or evidence of cardiac 

tamponade is recommended as a trigger for re-exploration 

for bleeding. 

I B (470-472) 

Prompt correction of hypothermia, acid–base disturbance, 

coagulopathy and ionized calcium is recommended.  

I C - 

In the absence of coagulopathy, re-exploration should be 

considered in the context of changing the rate or the total 

volume of chest tube blood loss.  

IIa C (473) 

Early re-exploration for bleeding should be considered over 

delayed re-exploration to improve survival. 

IIa B (474) 

VTE prophylaxis 

VTE prophylaxis with LMWH should be considered after 

surgery as soon as there is no safety concern.  

IIa B (475, 476) 

Detection and treatment of HIT 

The HIT Expert Probability Score or the Lillo-Le Louët Score 

is recommended over the 4Tsd score to evaluate the 

suspicion of HIT. 

I B (485-488) 
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In patients with suspected or confirmed HIT, it is 

recommended to stop heparin and consider non-heparin 

anticoagulation. 

I B (482-484) 

Immunoglobin G-based second-generation immunoassays 

are recommended to confirm diagnosis of HIT. 

I B (480, 481) 

HIT: heparin-induced thrombocytopenia; VTE: venous thromboembolism.  
a Class of recommendation. 
b Level of evidence.  
c References. 
d 4 Ts: (i) magnitude of thrombocytopenia; (ii) timing of thrombocytopenia with respect to 

heparin exposure; (iii) thrombosis or other sequelae of HIT; and (iv) likelihood of other 

causes of thrombocytopenia. 

 

7. Management of haemostasis and transfusion during mechanical 

circulatory support 

The MCS devices are crucial in maintaining cardiovascular function, playing a well-established 

role in treating post-cardiotomy cardiogenic shock and refractory heart failure (500-502). 

However, bleeding and thrombotic events are significant complications that can negatively 

impact patient outcomes and quality of life. Except for intra-aortic balloon pumps (IABPs) and 

transcatheter MCS platforms (503-505), the exposure of circulating blood to artificial surfaces 

typically triggers inflammatory and coagulopathic reactions. Managing anticoagulation during 

MCS use is complicated due to the primary patient morbidity, interactions between the 

patient and the MCS device, associated inflammatory cascades and other factors that 

contribute to haemostasis imbalances (506, 507).  

Although the principles of haemostasis, anticoagulation and transfusion are similar 

across all MCS devices, practical management varies significantly between the different types 

of tMCS and dMCS (501, 502). Recently, there has been a significant paradigm shift towards a 

patient-specific and individualized anticoagulation monitoring strategy. This approach 

prioritizes the patient’s coagulation profile over standard laboratory values, taking into 

account the overall inflammatory state, end-organ dysfunction (particularly hepatic and renal 

status) and the potential risks of bleeding and thrombosis. Several studies and recent 

guidelines recommend using both plasma-based tests to measure specific anticoagulant 
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effects and whole-blood tests to assess POC haemostasis (501, 502, 508, 509). Each type of 

monitoring test has its advantages and disadvantages, highlighting the need for a dedicated 

MCS team to provide individualized treatment plans. 

 

7.1 Temporary mechanical circulatory support 

The tMCS devices are essential tools in the management of patients with post-cardiotomy 

cardiogenic shock, which is reported to occur in less than 4% of routine adult cardiac surgical 

procedures. Transcatheter tMCS includes pneumatic IABP and microaxial flow pump devices 

(e.g. Impella), which reduce left ventricular end-diastolic pressure and improve ventricular 

unloading (501, 503). Several studies suggest that anticoagulation should not be mandatory 

for IABP and should be administered in an individualized patient context, whereas microaxial 

flow pump  usage requires therapeutic UFH or a bicarbonate-based purge solution 

administered according to the manufacturer’s guidelines (510, 511). Anticoagulation for post-

cardiotomy extracorporeal life support (PC-ECLS) devices, which include the Tandemheart, 

Centrimag and Rotaflow centrifugal systems (500), is mandatory. The bridging role of PC-ECLS 

before and after a heart transplant or a left ventricular assist device (LVAD) implant is also well 

established (508, 509, 512, 513). Bleeding remains the most common complication and is 

related mainly to the operation and the coagulopathy associated with CPB utilization. Many 

patients are transitioned from CPB to PC-ECLS while receiving an anticoagulant, resulting in 

limited opportunity to achieve optimal haemostasis. Additionally, the coagulopathy 

associated with ECLS is well-recognized and frequently leads to severe bleeding or significant 

thrombosis, making diagnosing and treating these disorders, which can be complex and at 

times, non-intuitive (514, 515), more difficult. A PC-ECLS reoperation for bleeding occurs in 

11% to 62% of patients, requiring the transfusion of blood products, which increases the 

economic burden, morbidity and mortality. The optimal blood product replacement strategy 

for PC-ECLS is not well defined and is based on clinical experience and local centre guidelines. 

Surveys of ECLS centres identified significant variation in blood product transfusion triggers, 

with HCT and platelet values ranging between 25% and 40% and 50 000 to 200 000 x 109/L, 

respectively (516, 517). Various centres are re-evaluating transfusion triggers to determine 

whether conservative strategies in conjunction with adequate systemic and regional oxygen 

delivery values are potentially safer.   
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Perioperative anticoagulation, bleeding and thrombosis management  

When transitioning from CPB to PC-ECLS, it is important to note that alterations in haemostasis 

differ between patients undergoing cardiac surgery with CPB and those with tMCS. Among the 

most significant factors are the duration of support and the physiological state of the patient 

before transition to tMCS. Therefore, the monitoring, workup and treatment of coagulopathy 

should consider these factors and be based on specific guidelines according to the type of 

patient and support.  

Several reports suggest that partial reversal of UFH with protamine improves 

postoperative bleeding and outcomes (507). It is recommended that anticoagulation be 

discontinued until haemostasis is achieved (518, 519). The administration of UFH may be 

delayed up to 24 to 48 h if coagulopathic bleeding persists and if it appears that bolus dosing 

is not mandatory (507-509, 512, 518, 519). If postoperative PC-ECLS is required, UFH should 

be administered prior to cannulation at the discretion of the treatment team. Several 

institutions report switching from UFH to bivalirudin when PC-ECLS support is required for 

more than 48 h (507, 509). Both bleeding and thrombotic complications are associated with 

adverse outcomes, and no coagulation test is currently predictive of these events. In cases of 

massive bleeding, it is considered reasonable to withhold UFH for 4 to 6 h if bleeding is 

controllable and for up to 12 h if bleeding persists. In extreme cases, additional pharmacologic 

agents including PCC and rFVIIa may be used. Surgical site bleeding can be controlled locally 

by compressive manoeuvres or procoagulant topical products. The use of prophylactic TXA or 

EACA, each of which inhibits plasminogen conversion and fibrinolysis, is not currently proven 

to be efficient. Frequent coagulation and circuit monitoring for thrombosis are recommended 

to guide the urgency of restarting UFH. Heparin-free PC-ECLS circuits are increasingly being 

used in patients at risk for bleeding, with various centres reporting outcomes comparable to 

those of standard circuits and anticoagulation regimens in terms of survival after 

decannulation, after discharge, bleeding, thromboembolic complications and transfusion 

requirements (509). Monitoring UFH anticoagulation can be achieved through serial 

measurements using a time-based strategy (aPTT and ACT) and anti-FXa (513, 520-523). 

Comparatively, the anti-FXa-based anticoagulation strategy has suggested less bleeding 

without an increase in thrombotic events (521, 522), offering crucial insights into the real-

world effects of UFH (524, 525). 
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Recommendation Table 13.  Recommendations for blood product replacement strategies in 

centrifugal temporary mechanical circulatory support 

Recommendations Classa Levelb Refc 

It is recommended that each centre develop an inter-

disciplinary algorithm/protocol for transfusion, 

anticoagulation and thrombosis treatment. 

I C - 

Transfusing PRBCs to maintain haemoglobin levels 

between 70 and 90 g/L should be considered. 

IIa C (517) 

It is recommended that a blood count, plasma fibrinogen 

level, INR, AT, D-dimer, free haemoglobin in plasma and a 

viscoelastic POC test be performed at least daily or more 

frequently in patients with coagulopathy. 

I C (506) 

 

Maintaining platelet counts above 100 x 109/l in bleeding 

patients and above 50 x 109 /l in non-bleeding patients 

should be considered.  

IIa C (517) 

Maintaining a plasma fibrinogen level above 1.5 g/L in 

bleeding patients or before a surgical intervention is 

recommended. 

I C (517) 

AT: antithrombin; INR: international normalized ratio; POC: point-of-care; PRBC: packed red blood 

cells; tMCS: temporary mechanical circulatory support. 

a Class of recommendation.  

b Level of evidence.  

c References. 

 

Recommendation Table 14. Recommendation for transcatheter pneumatic and axial flow 

temporary mechanical temporary support anticoagulation post-cardiac surgery 

Recommendations Classa Levelb Refc 

Therapeutic anticoagulation is not routinely recommended 

in patients with an IABP. 

III C (500, 503) 

Therapeutic anticoagulation is recommended in patients 

with an mAFP. 

I B (500, 504, 

505) 

IABP: intra-aortic balloon pump; mAFP: microaxial flow pump.  
a Class of recommendation.  
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b Level of evidence.  
c References. 

 

Recommendation Table 15. Recommendations for perioperative centrifugal temporary 

mechanical circulatory support/post-cardiotomy extracorporeal life support 

anticoagulation, bleeding and thrombosis management 

Recommendations Classa Levelb Refc 

Intraoperative anticoagulation 

The use of UFH as the primary anticoagulant for PC-ECLS is 

recommended. 

I B (506, 513, 

516, 517) 

Delaying UFH therapy during the initiation of PC-ECLS until 

satisfactory haemostasis is achieved should be considered. 

IIa B (518, 519) 

Procoagulant interventions, guided by viscoelastic POC 

tests, may be considered in cases of significant non-surgical 

bleeding. 

IIb C (518, 519) 

Postoperative anticoagulation 

Monitoring UFH anticoagulation using serial 

measurements of aPTT and/or the anti-Xa assay is 

recommended. 

I B (506, 513, 

520-522) 

 

Reducing the level of anticoagulation in the event of a new 

episode of bleeding, as long the pressure and flow values 

of the tMCS are adequate, is recommended. 

I C (509) 

aPTT: activated partial thromboplastin time; PC-ECLS: post-cardiotomy extracorporeal life support; 

POC: point-of-care; tMCS: temporary mechanical circulatory support; UFH: unfractionated heparin. 
a Class of recommendation.  
b Level of evidence.  
c References. 

 

 

7.2 Durable mechanical circulatory support 

The increasing incidence of patients suffering from end-stage heart failure refractory to 

optimal medical and interventional therapies has been paralleled by increasing experience 

with dMCS devices and new/total artificial heart technology capable of supporting the left, 

right or both ventricles (500, 501, 526, 527). Although still approved for clinical use, first-
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generation pulsatile dMCS devices are now rarely used due to advances in second-generation 

continuous axial flow and third-generation centrifugal dMCS devices. In addition to circuit-

related coagulopathy, other mechanisms associated with increased bleeding in dMCS include 

acquired von Willebrand syndrome, development of arteriovenous fistulae secondary to loss 

of pulsatile flow and gastrointestinal angiodysplasia due to increased angiogenesis. 

Perioperative anticoagulation management of dMCS requires specific considerations, 

whereas long-term antithrombotic therapy can be standardized according to patient profiles, 

device type, pump flow, coagulation testing and institutional experience.  

 

Perioperative anticoagulation, bleeding and thrombosis management  

It is recommended that an elective dMCS implant be preceded by normalization of coagulation 

status to minimize the risk of perioperative bleeding requiring blood product transfusion. The 

risk of subsequent systemic volume overload, right ventricular failure, possible surgical re-

exploration and other significant morbidities should be minimized preoperatively. If a dMCS 

implant is preceded by extracorporeal tMCS, the administration of intravenous UFH is 

recommended. Intraoperatively, therapeutic anticoagulation with UFH is recommended, 

which can be completely reversed after the procedure. However, off-pump dMCS implant 

techniques and the continuous postoperative need of PC-ECLS may warrant a reduction of the 

UFH dose. For all devices, initiation of therapeutic anticoagulation may be delayed up to 8 h 

postoperatively if bleeding is greater than 50 ml/h (502). Several reports recommend that 

intravenous UFH doses should be adjusted to achieve an initial aPTT target of 40 s and a 

subsequent target of 55–60 s within the next 48–72 h (502). If HIT is confirmed or suspected, 

the intravenous use of a DTI may be considered. An OAC with VKAs and antiplatelet therapy 

should be initiated once the clinical condition is considered stable and oral intake is 

established. The target INR is dMCS device-specific and ranges from 2.0 to 3.0. The need for 

additional ASA should be determined by the patient profile and device manufacturer 

specifications. The use of DOACs is not currently recommended.  

Pump thrombosis is a devastating complication. Acute catastrophic pump thrombosis 

usually results from red thrombi, which consist primarily of red blood cells trapped in a 

fibrinous mesh, whereas subacute white thrombi result from platelet aggregates secondary 

to dMCS shear stress. UFH and LMWH can be used as primary anticoagulants, whereas the 

roles of GPIIb/IIIa inhibitors and DTIs are not established. Patients with refractory haemolysis 
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and who are not considered candidates for urgent device exchange may be considered for 

high-risk thrombolysis if no other anticoagulation options are available. Out-of-hospital 

anticoagulation includes discontinuation of VKA while bridging with UFH or LMWH if the INR 

is less than 2 for non-cardiac surgery cases. Frequent anticoagulation and haemolysis 

monitoring using home INR devices and local facilities under the supervision of dedicated 

dMCS teams who can guide strict anticoagulation management isrecommended. The Aries-

HM3 (Antiplatelet Removal and Hemocompatibility Events With the HeartMate 3 Pump) trial, 

an international, randomized, double-blind, placebo-controlled study of ASA (100 mg/day) 

versus placebo with VKA therapy in patients with advanced heart failure and an LVAD, was 

conducted across 51 centres and included 589 patients. The researchers found that in patients 

treated with a fully magnetically levitated LVAD, avoiding ASA as part of an antithrombotic 

regimen, which includes VKA, is not inferior to a regimen containing ASA, does not increase 

the risk of thromboembolism and is associated with a reduction in bleeding events (528). 

However, confirmatory studies are needed before this option can be introduced as the 

standard of care. 

 

Recommendation Table 16. Recommendations for perioperative anticoagulation, bleeding 

and thrombosis management during durable mechanical circulatory support 

Recommendations Classa Levelb Refc 

It is recommended that an elective dMCS implant be 

performed in the context of a normal preoperative 

coagulation profile, if possible. 

I C - 

Initiation of UFH is recommended shortly after the dMCS is 

implanted. 

I C - 

The initiation of oral antithrombotic therapies (VKAs and 

antiplatelet agents) after the dMCS is implanted is 

recommended as soon as there is no longer a risk of 

bleeding and oral intake is established. 

I C (528) 

DOACs are not recommended in patients with dMCS. III C - 

DOAC: direct oral anticoagulant; dMCS: durable mechanical circulatory support; VKA: vitamin-K 

antagonist; UFH: unfractionated heparin. 
a Class of recommendation.  
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b Level of evidence.  
c References. 

 

 

Recommendation Table 17. Recommendations for haemostasis and transfusion in 

haemorrhagic and thrombotic complications during durable mechanical circulatory support 

AT: antithrombin; Hb: haemoglobin; INR: international normalized ratio; POC: point-of-care. 
a Class of recommendation.  
b Level of evidence.  
c References. 

 

8. Comprehensive institutional patient blood management programme 

The benefits of structured institutional and national PBM programmes are well-documented: 

They include significant reductions in empirical blood product transfusions, transfusion-

related costs and transfusion-related adverse events (408, 529, 530). However, evidence on 

initiating safe and sustainable PBM programmes is limited, consisting primarily of descriptive 

expert reports (531-535). 

These reports highlight the importance of a collaborative team approach and the 

progressive implementation of evidence-based protocols tailored to institutional capabilities 

and infrastructure. Key steps for implementing a structured PBM programme include securing 

support from health system leadership and stakeholders (local and regional), establishing a 

Recommendations Classa Levelb Refc 

Discontinuation of any anticoagulation in case of severe 

bleeding and correction of the detected coagulopathy is 

recommended. 

I C - 

When thrombi are detected in the circuit, it is 

recommended to undertake corrective actions that should 

include adjusting anticoagulation and/or exchanging the 

component of the circuit. 

I C (506, 526) 

It is recommended that a blood count, plasma fibrinogen 

level, INR, AT, D-dimer, free Hb in plasma and a viscoelastic 

POC test be performed at least daily in the early 

postoperative period and less frequently in stable patients. 

I C - 
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PBM coordinator, fostering collaboration among multidisciplinary team members, investing in 

education and data management, incorporating best practice clinical guidelines into 

institutional protocols, creating institution-specific standard operating procedures and 

vigorously pursuing compliance, quality assurance and improvement and clinical governance 

feedback for all involved (529, 532). 

The organization of PBM programmes should also encompass cost-effective and 

evidence-based anaemia management, effective multidisciplinary blood conservation 

strategies, optimization of haemostasis and patient-centred care (536). Challenges in initiating 

new PBM programmes include time and human-resource constraints, apprehension or 

reluctance to adopt new guidelines and the lack of appropriate post-implementation 

monitoring systems (537, 538). Key clinical end points for evaluating PBM programmes can 

include length of hospital stay, mortality and transfusion reaction events. The use of electronic 

medical records can facilitate the evaluation of adherence to and the effects of PBM 

implementation (534). 

To successfully introduce PBM strategies, the implementation team should start with 

manageable interventions, continuously assess performance and conduct regular evaluations 

to ensure quality and cost-effectiveness. Implementing a blood use initiative, focusing on 

transfusion outcomes and adopting blood conservation techniques can significantly enhance 

postoperative outcomes, reduce health-care costs and minimize adverse events (539, 540). 

Collaborative efforts in guideline development and monitoring perioperative transfusion rates 

as a quality metric have been linked to a notable decrease in blood product utilization and 

improvements in perioperative outcomes, without increasing mortality risks (539, 540). 

 

Recommendation Table 18. Recommendations for organization of an institutional patient 

blood management programme 

Recommendations Classa Levelb Refc 

A collaborative approach that includes a PBM coordinator 

leading a multidisciplinary team is recommended. 

I B (532, 534, 
537) 
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The progressive implementation of evidence-based 

protocols that are tailored to institutional capabilities and 

infrastructure is recommended. 

I B (532, 534, 
537) 

Quality assurance initiatives that systematically measure 

PBM components, along with quality improvement 

programmes, are recommended.  

I B (539, 540) 
 

PBM: patient blood management. 
a Class of recommendation.  
b Level of evidence.  
c References. 

 

9. Knowledge gaps  

The management of a patient’s own blood in cardiac surgery is characterized by complex 

challenges encompassing each stage of the surgical timeline. Notably, the treatment of 

preoperative anaemia is paramount in ongoing efforts to significantly improve clinical 

outcomes. However, the definition of anaemia itself, which traditionally proposes different 

levels for males and females, poses some challenges. In fact, the concept of tolerating a lower 

level of “normality” in female subjects does not rely on physiologic evidence of different 

cellular pathways regarding oxygen utilization between genders. A new level of consciousness 

at present suggests that the 2 levels should be unified in the near future. Additionally, greater 

emphasis should be placed on education and efforts to uncover and treat anaemia in a more 

comprehensive manner, beyond Hb levels only. Moreover, the current evidence underscores 

the necessity for individualized transfusion strategies. The findings from the TITRe2 (UK 

Transfusion Indication Threshold Reduction) and TRICS III trials suggest that these strategies 

should be customized according to patient age, advocating for a personalized approach for 

those with mild preoperative anaemia. Treatments with iron and EPO have proven 

advantageous in reducing reliance on blood transfusions. It is crucial, however, to perform an 

economic assessment in this context, ensuring that the value of these treatments justifies the 

investment. In addition, urgent research is warranted to compare prophylactic platelet 

transfusions with no transfusion or alternative treatments across all ages, considering 

different platelet thresholds before planned and emergency operations. 
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When considering intraoperative management, the selection of an appropriate 

cardioplegia solution has yet to be determined based on conclusive evidence. To date, RCTs 

have not clearly favoured blood cardioplegia over crystalloid cardioplegia, possibly due to the 

influence of ultrafiltration techniques. Furthermore, it is an ongoing endeavour to identify 

which patient subgroups are most vulnerable to adverse outcomes from decreases in HCT and 

its repercussions on coagulation and haemostasis. Establishing a definitive CPB haemodilution 

threshold that requires a transfusion also remains an area of active research. In addition, the 

role of an albumin solution in contemporary adult cardiac surgery with CPB remains unclear 

due to advanced technologies. This factor highlights the need for further research to 

definitively establish its efficacy and safety. 

When transitioning to topics of procoagulant medication, whereas antifibrinolytic 

therapy has gained wide acceptance as a gold standard of care, the quest to find dosages and 

applications for TXA that are effective yet safe is crucial. Furthermore, the current role of 

aprotinin continues to be debated within the medical community, as does the influence of 

decreased FXIII activity on perioperative bleeding in cardiac surgery. Equally important is the 

need for further research into the efficacy of innovative cell-saving technologies that 

safeguard platelet function and fibrinogen. This issue is particularly pertinent when 

considering the standardization of perioperative anticoagulation, especially for patients at risk 

of HIT. 

Postoperative care also poses numerous questions, particularly concerning the ideal 

approach to haemostatic therapy and the appropriate targets for interventions in clinically 

relevant bleeding patients. Moreover, exploring alternatives to blood products that could 

reduce patient immunologic effects is critical for future research. 

When studying postoperative procedures, the strategies concerning chest tube 

drainage and the criteria for surgical re-exploration continue to be grounded in the clinician's 

expertise, with a pressing need for evidence-based algorithms. Such algorithms would benefit 

greatly from validation against established clinical markers. 

In the broader scope of MCS, whether temporary and/or durable, a significant gap 

exists in the evidence base for anticoagulation protocols. Hence, well-designed and conducted 

RCTs are urgently needed to scrutinize the variety of protocols currently in international use. 

Finally, at the institutional level, the establishment of comprehensive patient blood 

management programmes has not been guided by rigorous clinical trials but rather by 
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consensus among experts. Nevertheless, the potential role of artificial intelligence-derived 

algorithms and clinical decision support systems in the decision-making process for managing 

bleeding from the preoperative through the postoperative periods is a prospect filled with 

promise and deserving of a thorough investigation. 

 
 

10.  Key messages  

Patient blood management in cardiac surgery is a comprehensive, multidisciplinary approach 

that necessitates collaboration among surgeons, anaesthetists, clinical perfusionists, 

intensivists and patients. The goal of this updated guideline, developed collaboratively by 

EACTS and EACTAIC in collaboration with EBCP, is to integrate new evidence that has emerged 

since the previous publication to provide updated, evidence-based recommendations where 

possible. It underscores the importance of teamwork in PBM and advocates for broader 

collaborations with other societies and patient representatives to enhance patient care and 

outcomes. Moreover, it highlights the need for a better understanding of the mechanisms of 

coagulopathy, the identification of clinical parameters associated with poor prognosis and the 

development of a set of recommendations to prevent and treat bleeding complications and 

improve clinical outcomes (Fig. 3). 
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Figure 3. Key messages from the Multidisciplinary Patient Blood Management Guidelines 

for Adult Cardiac Surgery. CPB: cardiopulmonary bypass; DDAVP: desmopressin; DOAC: direct 

oral anticoagulant; EPO: erythropoietin; FFP: fresh-frozen plasma; PBM: patient blood 

management; PCC: prothrombin complex concentrate; POC: point-of-care; PRBCs: packed red 

blood cells; rFVIIa: recombinant factor VIIa; VKAs: vitamin-K antagonists. 

 

 

Timely diagnosis and treatment of anaemia, thrombocytopenia and various 

coagulopathies are crucial for preventing bleeding complications. These conditions require 

comprehensive assessment and interventions before hospital admission because delays or 

misdiagnoses can significantly limit the ability of the healthcare team to intervene effectively. 

Therefore, patient-centred care in the outpatient clinic in preparation for cardiac surgery is 

recommended as a critical component of routine clinical management. This approach should 

address the patient's physical and psychological needs alongside the treatment interventions. 
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Patients should be informed about and included in the PBM programme as much as possible 

because preparation for discharge should begin upon indication for cardiac surgery. 

Our objective was to combine new findings with existing knowledge to offer evidence-

based recommendations for PBM, encompassing blood-conservation strategies, preoperative 

optimization, intraoperative interventions and postoperative management of bleeding 

disorders. Although the focus on bleeding-related end points has limited our reference list, 

the absence of a standardized definition for bleeding outcomes underscores the need for 

consensus in future studies. Although several aspects of PBM are supported by moderate-

quality evidence, further large-scale RCTs are necessary to enhance the evidence base of this 

guideline. 

It is important to note that a significant portion of the studies referenced in this 

guideline, particularly those reporting haemovigilance data, are from non-European countries. 

Given the differences in national regulations for PRBC processing and leucodepletion, the 

applicability of non-European data to European patients remains uncertain. Through this 

updated guideline, our goal is to contribute to the establishment of European standards for 

blood product quality, a European haemovigilance database and comprehensive standards for 

PBM irrespective of country of clinical practice. 

 
 
 

11. Supplementary data  

 
Supplementary data are available online. 
 
 

12. Data availability statement 

No new data were generated or analysed in support of this research. 
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Emergency
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Continue ASA
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Recommended

Should be
considered

Institutional PBM Program
Preoperative evaluation for bleeding risks
Causal and timely treatment of anaemia
Limiting haemodilution
Optimisation of the priming volume of the CPB circuit
Protamine to heparin dosing ratio <1:1
Routine use of antifibrinolytics
Restrictive transfusion triggers using PRBCs of all ages
Multidisciplinary protocol for bleeding management

Oral or intravenous iron treatment and/or EPO
supplementation, depending on the type of anaemia
PCC over FFP for rapid reversal of VKAs and in bleeding 
patients due to coagulopathy
Cell salvage and modified ultrafiltration
Maintenance of normothermia and normal pH
Fibrinogen supplementation in patients with ongoing 
bleeding and fibrinogen levels <1.5 g/L
DDAVP in bleeding patients with platelet dysfunction
Platelet concentrate in bleeding patients with platelet 
count <50 (109/L) 
Early re-exploration for bleeding

Routine use of POC testing to predict bleeding
Preoperative PRBC transfusion in anaemic patients
Preoperative platelet transfusion in patients with
thrombocytopenia
Preoperative administration of andexanet alpha in 
patients on DOACs inhibiting factor Xa
Routine use of topical sealants 
The use of colloids in priming and non priming solutions
The prophylactic use of FFP, fibrinogen, DDAVP and rVIIa 
to reduce bleeding complications

Not
recommended
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