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ABSTRACT

BACKGROUND Excessive perioperative bleeding is associated with major complications in cardiac
surgery, resulting in increased morbidity, mortality, and cost.

METHODS An international expert panel was convened to develop consensus statements on the
control of bleeding and management of transfusion and to suggest key quality metrics for cardiac
surgical bleeding. The panel reviewed relevant literature from the previous 10 years and used a
modified RAND Delphi methodology to achieve consensus.

RESULTS The panel developed 30 consensus statements in 8 categories, including prioritizing control
of bleeding, prechest closure checklists, and the need for additional quality indicators beyond
reexploration rate, such as time to reexploration. Consensus was also reached on the need for a
universal definition of excessive bleeding, the use of antifibrinolytics, optimal cessation of antith-
rombotic agents, and preoperative risk scoring based on patient and procedural factors to identify
those at greatest risk of excessive bleeding. Furthermore, an objective bleeding scale is needed based
on the volume and rapidity of blood loss accompanied by viscoelastic management algorithms and
standardized, patient-centered blood management strategies reflecting an interdisciplinary
approach to quality improvement.
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CONCLUSIONS Prioritizing the timely control and management of bleeding is essential to improving
patient outcomes in cardiac surgery. To this end, a cardiac surgical bleeding quality metric that is
more comprehensive than reexploration rate alone is needed. Similarly, interdisciplinary quality ini-
tiatives that seek to implement enhanced quality indicators will likely lead to improved patient care
and outcomes.

(Ann Thorac Surg 2024;-:---)
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EXECUTIVE SUMMARY AND KEY CONSENSUS
STATEMENTS

Executive Summary
Although excessive perioperative bleeding in car-

diac surgery is associated with significant adverse
outcomes, current quality metrics for control of
bleeding are insufficiently comprehensive. Key areas
for improvement include the prioritization of
bleeding control throughout the case, use of a sur-
gical bleeding checklist prior to closure, and encour-
aging early reexploration when appropriate.
Additional important process variables include
optimal use of antifibrinolytics, cessation of anti-
platelets, and appropriate patient bloodmanagement
strategies to reduce the need for transfusions. Other
critical considerations are preoperative risk scoring
based on potentially modifiable, nonmodifiable, and
procedural risk factors, and a universal definition and
method of grading excessive bleeding. Finally, the
development of new performance quality indicators
beyond reexploration rate, such as the use of
bleeding checklists and time to reexploration, are
needed to improve patient outcomes.

Key Statements:

1. A universal definition of excessive bleeding is
required for the early postoperative period.

2. Production pressure may be an unmeasured
risk factor for bleeding in cardiac surgery.

3. Control of bleeding throughout the cardiac
surgical procedure should be a high priority.

4. Prompt reexploration for bleeding reduces
the risk of adverse outcomes.

5. Platelet function should be assessed prior to
cardiac surgery in patients at risk of bleeding
due to platelet dysfunction.

6. Viscoelastic testing can help to identify the
underlying cause of bleeding and direct
therapy in real time.

7. Red blood cell transfusion should not be used
empirically unless bleeding is considered
severe. Non-red blood cell transfusion should
be guided by laboratory confirmation of sig-
nificant coagulopathy.

8. Standardization is needed to reduce un-
wanted variability in transfusions, treatment
algorithms, and reexploration rates for man-
aging cardiac surgical bleeding.

9. Routine auditing and benchmarking of pa-
tient data regarding bleeding management
will improve the quality of care.

10. Quality indicators for cardiac surgical
bleeding should be expanded beyond reex-
ploration rates to encompass factors such as
surgical bleeding checklists and time to
reexploration.

11. The risks of stopping anticoagulant and an-
tiplatelet therapy must be individualized and
balanced against the benefits of continuing
therapy.

12. Prophylactic antifibrinolytic therapy reduces
blood loss and transfusions in cardiac surgery
and should be administered to cardiac surgi-
cal patients undergoing cardiopulmonary
bypass, unless contraindicated.
INTRODUCTION

Excessive intraoperative and postoperative
bleeding is a major complication associated with
cardiac surgery, occurring in up to 15% of pa-
tients.1-4 Previous studies have shown that
excessive cardiac surgical bleeding is an inde-
pendent risk factor for morbidity and mortality5,6

and also incurs a significant economic burden.7

Excessive bleeding is associated with higher
rates of reexploration and blood component
transfusions, both of which adversely affect
patient outcomes.

One of the main quality indicators currently
used to measure cardiac surgical bleeding is the
reexploration rate; however, this does not fully

http://creativecommons.org/licenses/by-nc-nd/4.0/


Abbreviations and Acronyms

AKI[acute kidney injury

ANH[acute normovolemic hemodilution

CABG[ coronary artery bypass grafting

CAD[ coronary artery disease

CPB[ cardiopulmonary bypass

DOAC[direct oral anticoagulant

EACA[ ε-aminocaproic acid

E-CABG[European registry of Coronary Artery Bypass Grafting

ERAS[Enhanced Recovery After Surgery Cardiac Society

ICU[ intensive care unit

LOS[ length of stay

PBM[patient blood management

PCC[prothrombin complex concentrate

RBC[ red blood cell

rFVIIa[ recombinant factor VIIa

SABM[Society for the Advancement of Patient Blood Management

TXA[ tranexamic acid

UDPB[Universal Definition for Perioperative Bleeding

VIBe[Validated Intraoperative Bleeding
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capture the myriad processes and variables that
may be responsible for, or influence, perioperative
bleeding. Improving and expanding quality met-
rics used in cardiac surgery is therefore essential.
Metrics that prioritize prevention, control, and
timely resolution of bleeding could be considered
key aspects of any future quality metrics. More-
over, methods of increasing provider awareness,
education, and knowledge of hemostatic agents
and practices are vital to improving patient clinical
outcomes and enhancing resource efficiency.8 To
this end, an expert panel was convened by
the Society for the Advancement of Patient Blood
Management (SABM) and the Enhanced Recovery
After Surgery Cardiac Society (ERAS Cardiac). The
panel reviewed the current literature on cardiac
surgical bleeding using a modified RAND Delphi
methodology, with the aim of developing clinical
consensus statements focusing on the reporting
and control of cardiac surgical bleeding.
METHODS

EXPERT PANEL. An interdisciplinary panel of 13 ex-
perts in cardiac surgery and patient blood man-
agement (PBM) was convened. The panel
members were selected based on their academic
qualifications, subject matter expertise, and rele-
vant clinical experience. All panel members
reviewed the literature search results, established
consensus statements for controlling cardiac sur-
gical bleeding, and drafted and critically reviewed
the manuscript. In addition, 3 secondary panel
members drafted and critically reviewed the
manuscript.
LITERATURE SEARCH. Initial literature searches were
performed in July 2023 using PubMed and Web of
Science (Web of Science Core Collection and
BIOSIS databases), yielding 3861 unique publica-
tions for screening (see the Supplemental Material
for full search terms). The searches were filtered
for articles published in English in the last 10
years (from 2013 onward). In addition to the
primary searches, separate searches in PubMed
and Web of Science were performed to identify
publications related to quality initiatives in
cardiac surgery. These searches produced a
further 65 and 39 publications for screening,
respectively. The panel also provided any
additional relevant literature that had not
already been identified by the literature search.

The literature search results were screened
according to the following inclusion criteria:
randomized clinical trials and prospective and
retrospective observational clinical trials in
human adult patients undergoing cardiac and/or
aortic surgery up to and including the aortic arch.
Systematic reviews and meta-analyses were also
included, and standard reviews and surgical
guidelines were considered for the quality
indicator searches. Preclinical studies, case
reports, study protocols, and congress materials
were excluded, as were studies in animals, pedi-
atric patients, or those detailing vascular surgery.
An overview of the literature screening process is
provided in the Supplemental Figure.

PANEL SURVEY AND ACHIEVEMENT OF CONSENSUS. Select
panel members (S.O., R.S., and A.S.) developed
initial consensus statements. A multiple-choice
survey with a 5-point Likert scale was used to
gauge consensus on the statements. All panel
members completed the survey ahead of
attending a face-to-face meeting in Washington,
DC, United States, in September 2023.

The survey responses were discussed in the
meeting, and the RAND Delphi (modified) process
was used to establish consensus. Consensus was
defined as a minimum agreement threshold of
75% of respondents agreeing (strongly agree/
agree) or disagreeing (strongly disagree/disagree)
with a survey statement. Statements meeting the
threshold for consensus were discussed first, and
adjustments were made to the statements, if
necessary, for brevity and/or clarity of wording.
Discussions then focused on statements that were
close to meeting consensus and statements that
had no consensus. Panel members were allowed
to change their responses, and where required,
statements were adjusted, combined, or removed.
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All changes were agreed upon by formal voting.
Minor revisions to the consensus statements were
made after the meeting and during manuscript
development when deemed necessary by the
panel.

CONSENSUS STATEMENTS

1. Definition and Grading of Bleeding
• A universal definition of excessive bleeding is
required for the early postoperative period.

• The perioperative team should seek to imple-
ment the routine use of an objective, validated
bleeding scale to assess bleeding and guide
management.

The threshold demarcating excessive bleeding
in cardiac surgery is not well defined, and this is
further hampered by many studies not reporting
absolute volumes of blood loss. Previously sug-
gested thresholds include the Universal Definition
for Perioperative Bleeding (UDPB) level of >1000
mL within 12 hours indicating severe bleeding9

and the Bleeding Academic Research Consortium
definition of �2000 mL chest tube output within
24 hours of coronary artery bypass grafting
(CABG).10 Other definitions used in clinical trials
include active bleeding, defined as blood loss
>1.5 mL/kg/h for 6 consecutive hours within the
first 24 hours,11 or major bleeding classified as
blood loss >900 mL in the first 12 hours.12

However, because these definitions vary in the
variables measured and the thresholds used,
what constitutes excessive bleeding is potentially
confusing, leading to subsequent unnecessary
delays in treatment.

As such, a standardized, universally adopted
definition of excessive bleeding is required to
eliminate any doubt about when to take action.

Furthermore, clear guidance is needed on how
to properly quantify intraoperative blood loss.
Assessment scales that measure the amount of
perioperative bleeding can be valuable tools for
guiding treatment. Previous studies have shown
generally positive results when using bleeding
scales, such as the European registry of Coronary
Artery Bypass Grafting (E-CABG) grading score,
the UDPB, and the Bleeding Academic Research
Consortium bleeding definition, to assess severity
and prognostic implications of intraoperative
bleeding.9,13,14 Another commonly used bleeding
scale is the World Health Organization bleeding
scale.15

However, grading scales such as these have
several limitations: most notably, scales such as
the E-CABG and UDPB are not entirely based on
the direct measurement of intraoperative or
postoperative blood loss, but use blood compo-
nent utilization to quantify bleeding.9,13 Also an
issue is subjectivity in the grading of bleeding,
which is particularly evident with the widely
used World Health Organization scale.15

Therefore, there is a need for a validated bleeding
scale based solely on quantitative measures such
as volume and rate of bleeding.

Bleeding scales such as the SPOT GRADE and
Validated Intraoperative Bleeding (VIBe) scales16,17

offer more objective measurements of bleeding
assessment. In particular, the VIBe scale has been
validated in various other surgical specialties,18-20

with a modeling study concluding that its use
would likely improve surgical efficiency, reduce
intraoperative bleeding, and reduce costs asso-
ciated with the transfusion of blood compo-
nents.21 However, the SPOT GRADE and VIBe
bleeding scales are limited to intraoperative
bleeding assessment,16,17 and additional objective
bleeding scales would be required to assess
postoperative bleeding. A comparison of the
various bleeding scales discussed is provided in
Table 1.9,10,15-17,22-25

2. Predictors of Bleeding
• There are potentially modifiable and non-
modifiable risk factors that increase the likeli-
hood of excessive perioperative bleeding.

• There are patient and procedural factors that
predict perioperative bleeding in cardiac
surgery.

• The use of a preoperative risk score assists in
predicting bleeding.

• A dynamic risk assessment process can facili-
tate targeted bleeding control.

• Production pressure may be an unmeasured
risk factor for bleeding in cardiac surgery.

Various preexisting factors can influence the
risk of a patient experiencing excessive bleeding
related to cardiac surgery (Table 2).26-33 Factors
that are potentially modifiable, such as the
cessation of anticoagulant/antithrombotic medi-
cations before surgery, should be addressed to
reduce the risk of excessive bleeding. Another
modifiable risk factor for receiving red blood cell
(RBC) transfusion is the presence of preoperative
anemia and iron deficiency.34 However, it is also
important to note nonmodifiable factors, such as
age, race/ethnicity, and sex, and acknowledge
that these may make excessive bleeding more
likely.26,35-37 In addition, there are several proce-
dural factors that potentially increase the risk of
bleeding that should also be considered.



TABLE 1 Characteristics of Common Bleeding Scales Used in Cardiac Surgery

Bleeding Scale Main Components Advantages Disadvantages

E-CABG22
• Amount of blood components
transfused

• Need for reexploration for excessive
bleeding

– Relatively simple definition of
bleeding

– Accounts for postoperative bleeding
– Incorporates an additive score

– Based on surrogate outcomes of
bleeding

UDPB9
• Delay in sternal closure
• Postoperative chest tube blood loss

within 12 hours
• Amount of blood components

transfused
• Prothrombotic drugs administered
• Need for reexploration or tamponade

– Widely used
– Incorporates measurement of blood

loss volume

– Complex grading system
– Partially based on surrogate

outcomes of bleeding

BARC10 • Overt signs of bleeding
• Hemoglobin level
• Need for reexploration or tamponade
• Requirement for IV vasoactive agents
• Intracranial hemorrhage
• Transfusion of whole blood or pRBCs

within 48 hours
• Chest tube output within a 24-hour

period

– Combines both laboratory and clinical
assessments

– Specifically includes assessment of
CABG-related bleeding

– Validated in acute coronary
syndrome23

– Incorporates measurement of blood
loss volume

– Minor grades potentially not
clinically relevant

– Complex grading system
– Partially based on surrogate

outcomes of bleeding
– Designed based on consensus

WHO15
• Visual assessment of hemorrhage – Widely used

– Relatively simple definition of
bleeding

– Does not require laboratory
assessment

– Subjective
– Associated with high

interobserver variability24

– Minor grades potentially not
clinically relevant

SPOT GRADE17
• Visual assessment of hemorrhage
• Expected interventions
• Rate of blood flow

– Clinically validated25

– Meets US FDA requirements for use in
determining the degree of bleeding in
a surgical wound

– Based on quantitative determination
of blood flow

– Some subjective elements
– Limited to intraoperative

assessment

VIBe16 • Visual presentation
• Anatomic appearance
• Estimated rate of blood loss

– Designed based on US FDA criteria for
clinician-reported scales

– Validated in multiple surgical
disciplines

– Includes an assessment of blood loss

– Some subjective elements
– Limited to intraoperative

assessment

BARC, Bleeding Academic Research Consortium; E-CABG, European registry of Coronary Artery Bypass Grafting; IV, intravenous; pRBCs, packed red blood cells; UDPB, Universal Definition of
Perioperative Bleeding; US FDA, United States Food and Drug Administration; VIBe; Validated Intraoperative Bleeding; WHO, World Health Organization.
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Many of these risk factors are incorporated into
bleeding control protocols and preoperative risk
scores that can assist in the prediction of exces-
sive bleeding. For example, Karkouti and col-
leagues26 developed a prediction rule and risk
score accurately identifying patients based on
their risk for excessive bleeding and subsequent
massive blood transfusion. Risk scores such as
Papworth, WILL-BLEED, and HAS-BLED (Hyper-
tension, Abnormal Renal/Liver Function, Stroke,
Bleeding History or Predisposition, Labile INR,
Elderly, Drugs/alcohol concomitantly) are other
prediction tools that can be useful in identifying
at-risk patients. In a retrospective analysis of the
E-CABG registry in 3744 patients with an additive
score for prediction of severe bleeding (E-CABG
grades 2-3), the WILL-BLEED score was signifi-
cantly associated with increased bleeding risk.38

In another retrospective analysis of 550 CABG
patients, the WILL-BLEED and Papworth scores
were both correlated with the subsequent pres-
ence of severe bleeding.39
In addition to assessing preoperative risks,
ongoing bleeding risk assessment, such as mea-
surement and correction of platelet, fibrinogen,
and coagulation indices,40 is needed, because
bleeding related to cardiac surgery is a dynamic
process affected by multiple factors.

Aside from patient and procedural factors, an
often-silent influence on medical practice is
“production pressure,” for which no existing risk
prediction model exists. This concept reflects
overt or covert pressures and incentives on
personnel to have production be their primary
priority.41 In health care, production pressure can
contribute to medical errors and poor patient
outcomes42,43 and can result from several factors
related to the structure of health care systems
and organizations.44 Factors such as time
pressures, high workloads, underresourcing, and
revenue targets can all contribute to production
pressures and negatively impact both staff and
patients.44 In cardiac surgery, such factors may
result in medical errors, superficial investigation



TABLE 2 Potentially Modifiable and Nonmodifiable Risk Factors and Patient and Procedural Factors That Can Predict
Perioperative Bleeding in Cardiac Surgerya

Patient Factors

Procedural FactorsPotentially Modifiable Nonmodifiable

Preoperative anticoagulant,
antiplatelet, or antithrombotic
medications

Age Type and complexity of procedure

Preoperative anemia/hemoglobin level Race/ethnicity Urgency of procedure/surgical priority
Platelet count Sex Temperature management
Fibrinogen level Genetic factors related to coagulopathy Use of cell recovery methods
Body mass index Cardiac function before surgery Cardiopulmonary bypass duration
Malnutrition Frailty Skill of surgeon performing procedure
Comorbidities, eg, hypertension and
diabetes

Use of bleeding checklists
Improper heparin reversal

aData were derived from.26-33
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for bleeding before chest closure, or hesitancy/
delay in reexploration of actively bleeding
patients. Reducing production pressure requires
resourcing and analysis of workflows to manage
the unpredictable nature of health care workloads
effectively. This leads to implementing policies
and procedures that augment the safety
culture.42,44

3. Patient Outcomes Related to Excessive Peri-
operative Bleeding and Reexploration
• Control of bleeding throughout the cardiac
surgical procedure should be a high priority.

• Excessive perioperative bleeding in cardiac
surgery is associated with an increased risk of
adverse outcomes.

• Excessive intraoperative and postoperative
bleeding in cardiac surgery significantly in-
creases the likelihood of the need for
reexploration.

• Prompt reexploration for bleeding reduces the
risk of adverse outcomes.

Excessive bleeding in cardiac surgery is associ-
ated with an increased risk of postoperative com-
plications, even for low-risk patients.27,45 Adverse
outcomes associated with excessive bleeding
include stroke, acute kidney injury (AKI),4,45

prolonged ventilation, longer hospital and
intensive care unit (ICU) lengths of stay (LOS), and
increased 30-day mortality.1,6,12,27 Furthermore,
excessive bleeding is associated with increased
transfusion of blood components, which in itself is
associated with an increased risk of morbidity and
30-day mortality.28 Several studies have shown
that patients experiencing excessive bleeding of
any etiology during and after cardiac surgery are
more likely to undergo reexploration.29,30,46
Reexploration has been associated with various
adverse outcomes, including stroke, sepsis, car-
diac arrest, prolonged ventilation, longer ICU and
hospital LOS, AKI, and higher mortality
rates.31,47,48 Reexploration for bleeding has also
been associated with failure to rescue; that is,
death that occurs after the development of a
complication, such as bleeding, that was
potentially treatable.49

The decision to reexplore should be based on
defined clinical criteria; however, considerable
variability exists in the thresholds used. The
traditional Kirklin/Barratt-Boyes criteria have
defined the need for reexploration as bleeding of
>500 mL during the first hour post-surgery, >400
mLduringeachof thefirst 2hours,>300mL ineach
of the first 3 hours, or >1000 mL or >1200 mL in
total during the first 4 or 5 hours post-surgery,
respectively.46 Excessive bleeding that restarts and
sudden massive bleeding are also indications that
reexploration is needed.46,50 Other studies have
used slightly different blood loss volumes and/or
other objective criteria, such as signs of
tamponade or surgical bleeding, hemodynamic
status, and laboratory indicators, with the
decision ultimately made based on the
perioperative team’s clinical judgment.30,31,51

Reexploration for bleeding, when required, is
best performed early, before hemodynamic
compromise or signs of end-organ malperfusion.
Early reexploration is preferable to over-zealous
(“time-buying”) treatment with allogeneic blood
components and pharmacologic agents.52 A
Canadian retrospective study found that 358
patients who underwent delayed reexploration
had a 3-fold greater risk of perioperative mortal-
ity than 303 patients reexplored on the day of
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surgery (odds ratio, 6.4 [95% CI, 4.7-8.9] vs 2.0
[95% CI, 41.3-3.1], respectively; P < .001).52

Moreover, a retrospective single-center study
reporting 0% mortality in patients (n ¼ 75) un-
dergoing reexploration for excessive bleeding af-
ter open cardiac surgery attributed the absence of
mortality to early surgical reexploration of
bleeding patients. Time to reexploration after
moving to ICU was <10 hours in all patients (<5
hours in 49 patients [65.3%] and <10 hours in 26
[34.7%]).46 In another retrospective cohort study
(n ¼ 139), reexploration for bleeding that was
delayed for �5 hours was associated with an
increase in stroke and AKI (P ¼ .03). The expert
panel also noted that prompt reexploration may
be particularly pertinent for noncoagulopathic
bleeding etiologies, where surgical intervention
may be required to remedy an anatomic source
of bleeding.

Because transfusions and delayed reexplora-
tion are associated with significantly increased
morbidity and mortality,53 prompt control of
anatomic, noncoagulopathic, and surgical
bleeding should be a high priority.

4. Management of Coagulopathy and Viscoelastic
Testing
• Viscoelastic testing algorithms can reduce
bleeding, reexploration, and blood component
transfusion in cardiac surgery.

• Platelet function should be assessed prior to
cardiac surgery in patients at risk of bleeding
due to platelet dysfunction.

• Viscoelastic testing can help to identify the
underlying cause of bleeding and direct therapy
in real-time.

Viscoelastic testing is a useful tool for promptly
identifying clinically relevant coagulation defects
throughout the intraoperative and early post-
operative phases of care. Although routine pre-
operative viscoelastic testing has not been shown
to predict bleeding in the entire cardiac surgery
population,54 it can help identify those at
increased bleeding risk due to an underlying
coagulopathic state. In patients with active
bleeding, the etiology of the coagulopathy can be
rapidly identified, allowing precise therapeutic
management.

Several studies have shown the capability of
intraoperative point-of-care viscoelastic testing55-57

to help determine the etiology of coagulopathy
more quickly than with standard laboratory tests.
In an analysis of 65 patients who underwent car-
diac surgery with cardiopulmonary bypass
(CPB), clotting variables measured by viscoelastic
testing, such as clotting time, maximal clot firm-
ness, and a-angle, were significant predictors of
increased postoperative bleeding.55 In another
analysis of 89 patients undergoing combined
cardiac surgical procedures, clot strength
measured using viscoelastic testing had similar
sensitivity for 24-hour blood loss and greater
sensitivity for 6-hour blood loss compared with
plasma-based fibrinogen concentrations.58 Aside
from the specific results provided by viscoelastic
tests, a normal viscoelastic profile in the setting
of ongoing bleeding can inform practitioners of
the increased likelihood of a surgical source of
bleeding.

Using management algorithms guided by
viscoelastic testing has been associated with
reduced perioperative bleeding. A retrospective
10-year study of hemorrhage-reducing in-
terventions in almost 20,000 cardiac surgery
patients found that a viscoelastic testing-guided
diagnostic and therapeutic approach resulted in
a significant (P ¼ .006) reduction in post-
operative bleeding.59 Viscoelastic testing has
also been associated with reductions in
transfusions of RBCs, non-RBC components,
rates of reexploration, hospital LOS, and related
costs.60-64

In a United States retrospective analysis of 677
cardiac surgery patients, viscoelastic testing-
guided transfusion management during and
immediately after cardiothoracic surgery resulted
in significantly reduced postoperative LOS (9.9 vs
11.3 days, P ¼ .04), the incidence of reexploration
(3.5% vs 7.1%, P ¼ .04), and an w3-fold decrease
in 6-month mortality (odds ratio, 2.98; 95% CI,
1.13-7.85). The mean number of units of packed
RBCs and plasma were also significantly reduced
in the perioperative period.65

Platelet function testing can be helpful in
identifying patients at risk of bleeding related to
platelet defects. However, the lack of normal
values in different patient populations and the
various testing instruments make these tests
difficult to standardize.66 Certain point-of-care
tests may have limitations at the extremes of he-
modilution seen on CPB, although most function
well in the broad range of values seen in cardiac
surgery patients. Platelet function testing is
particularly effective in the preoperative interval
for patients on antiplatelet therapies such as P2Y12

inhibitors and glycoprotein IIb/IIIa inhibitors,
where there is sufficient time to evaluate test re-
sults.67-69 Platelet function testing should guide
timing for cardiac surgery and assess the degree of
platelet inhibition in urgent cardiac surgery
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patients receiving P2Y12 inhibitors.59,70

Preoperative low platelet reactivity in patients
taking P2Y12 inhibitors is associated with
increased bleeding and blood component
transfusion.71-75

Management of coagulopathy using viscoelastic
testing may guide clinical decision making, enable
timely hemostatic interventions, and thus
improve patient outcomes.76,77 However, it is
important to recognize that surgical and
coagulopathic bleeding are not mutually
exclusive. Therefore, it is vital to use clinical
context in conjunction with multiple coagulation
tests to interpret the etiology of the bleeding.58

5. Patient Blood Management
• RBC transfusion should not be used empirically
unless bleeding is considered severe. Non-RBC
transfusion should be guided by laboratory
confirmation of significant coagulopathy.

• An evidence-based hemoglobin threshold and
defined clinical criteria should be met before
nonemergent RBC transfusion.

• Standardization is needed to reduce unwanted
variability in transfusions, treatment algo-
rithms, and reexploration rates for managing
cardiac surgical bleeding.

• Intraoperative RBC recovery reduces allogeneic
RBC transfusion.

• Acute normovolemic hemodilution can effec-
tively reduce allogeneic RBC transfusion; how-
ever, the degree of hemodilution should be
monitored, because it may lead to
coagulopathy.

• Retrograde autologous priming is an effective
method to limit hemodilution and reduce RBC
transfusion.

Blood transfusion should not be the default
treatment option in bleeding patients due to the
known associated morbidity.78,79 Except in cases
of massive bleeding, defined clinical criteria
should be used to confirm the degree of
bleeding and related anemia before transfusion,
and a conservative approach to transfusion
may still be preferable. A large, multicenter,
noninferiority trial (Transfusion Requirements
in Cardiac Surgery [TRICS] III) showed that a
restrictive RBC transfusion strategy (hemoglobin
threshold of <7.5 g/dL) in moderate- to high-risk
patients undergoing cardiac surgery resulted in
fewer units of RBCs transfused and was non-
inferior to a liberal transfusion strategy (hemoglo-
bin threshold of<9.5 g/dL in the operating room or
ICU and <8.5 g/dL on the non-ICU ward) with
regards to major morbidity and death.80
The recent Cost-effectiveness and Cost-utility
of Liberal vs Restrictive Red Blood Cell Trans-
fusion Strategies in Patients With Acute Myocar-
dial Infarction and Anaemia (REALITY) and
Myocardial Ischemia and Transfusion (MINT) tri-
als have also demonstrated that a liberal trans-
fusion strategy does not reduce the risk of
myocardial infarction or death within 30 days81-83;
thus, a restrictive strategy affording exposure to
fewer blood components may be beneficial. The
perioperative team should be educated to
encourage consideration of both hemoglobin
concentration and defined clinical criteria, which
are important to avoid unnecessary transfusions.
PBM also affirms that blood component therapy
should be tailored to the individual patient’s ac-
quired or inherited coagulopathy.82

The implementation of structured PBM strate-
gies can result in a significant reduction in the
number of blood component transfusions and
associated complications.84-87 A goal-directed
PBM initiative in cardiac surgery at a United
States hospital—which included preoperative and
postoperative anemia management, greater
emphasis on autologous cell recovery and surgical
bleeding control, and a restrictive transfusion
threshold—resulted in a significant reduction in
transfusion of blood components, AKI, LOS, and
costs.88 Similar positive outcomes were seen in an
Australian hospital that implemented a bleeding
control algorithm centered on point-of-care
coagulation testing, with reductions in the use of
allogeneic blood components, reexploration rates,
and LOS.89

PBM practices, however, can vary widely
among surgeons and surgical centers,90,91 and
there appears to be a need for standardized,
patient-centered, evidence-based protocols to
improve outcomes. Successful PBM strategies
require health care professionals to agree on best
practices as part of an interdisciplinary team
approach to bleeding. Education and collabora-
tion are necessary aspects of this standardiza-
tion.90 Nonetheless, despite numerous examples
of successful PBM strategies existing in the
literature, additional studies are still needed to
enhance the evidence base to support their use
and guide clinical teams in their implementation.

Individual strategies to reduce bleeding and
improve outcomes in cardiac surgery include
intraoperative red cell recovery regimens and
acute normovolemic hemodilution (ANH). Intra-
operative red cell recovery regimens have been
shown to significantly reduce the subsequent
need for allogeneic blood transfusions and
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improve patient outcomes.92-94 However, a small
increased risk of perioperative residual heparin
should be noted, and the exclusion of other pro-
coagulation components may potentially result in
blood coagulation impairment.95-97 Large-volume
ANH has been shown to significantly reduce
postoperative bleeding and both RBC and non-
RBC component use in cardiac surgery patients
without an increase in major adverse outcomes or
mortality.98-101 However, the evidence base is
relatively small, with most studies not powered to
assess safety, and the hemodilution procedures
vary among studies. There is also a need for ANH
to be performed by teams who use this procedure
as part of standard practice to avoid large-volume
hemodilution. Care must be taken not to admin-
ister large volumes of colloids or crystalloids,
which can increase the risk for
coagulopathy.100,102,103

Retrograde autologous priming has also been
shown to significantly reduce transfusion rates,104,105

although no significant effect on bleeding,
reexploration rates, or mortality has been
observed.104 The Society of Thoracic Surgeons/
Society of Cardiovascular Anesthesiologists/
American Society of ExtraCorporeal Technology/
SABM guidelines suggest a role for retrograde
autologous priming in PBM, stating that
“retrograde autologous priming of CPB circuits
should be used wherever possible” (American
College of Cardiology/American Heart Association
Class I, Level B-R).106

6. Quality Improvement
• Routine auditing and benchmarking of patient
data regarding bleeding management will
improve the quality of care.

• Multidisciplinary education, decision support,
memory aids, checklists, routine data sharing,
and feedback are important tools for improving
quality.

• Quality indicators for cardiac surgical bleeding
should be expanded beyond reexploration rates
to encompass factors such as surgical bleeding
checklists and time to reexploration.

Excessive bleeding is sometimes an unavoid-
able reality of cardiac surgery and is associated
with adverse patient outcomes. Although various
tools and strategies exist to attenuate the risk of
bleeding and encourage best practices, routine
auditing and benchmarking are key aspects of
standardizing patient care and can identify op-
portunities to improve care.

Benchmarking involves reviewing the institu-
tional performance of a specific quality indicator
and comparing it with external acuity-adjusted
rates and best practice models to improve the
quality of care. For example, after transfusions
were benchmarked as higher than expected in a
United States cardiac surgical center, electronic
medical record data were collected to create
provider-specific audits and overall rankings, with
subsequent feedback given to physicians. This,
along with convening an interdisciplinary task
force to develop a PBM strategy, proved effective
in promoting quality improvement in blood
component use.107

A summary of PBM best practice in cardiac
surgery by the Society of Cardiovascular Anes-
thesiologists Blood Conservation Working Group
found that all existing PBM guidelines supported
the creation of a multidisciplinary PBM team.108 A
report of the successful implementation of a
formal hemostasis checklist in a United States
hospital showed the importance of forming
multidisciplinary PBM teams, with this
considered a key factor in obtaining buy-in from
all involved. The report also underlined the value
of education initiatives, because successful
implementation was facilitated by an extensive
educational in-service for all surgical residents,
fellows, and support staff, with clear communi-
cation provided on the importance to patient
care.109

Furthermore, the implementation of a bleeding
control quality initiative in an Australian cardiac
surgery unit highlighted the importance of sup-
port from multidisciplinary clinical leads, the
availability of educational materials, and contin-
uous evaluation to ensure that practice change is
sustained. The development of a permanent
blood management clinical nurse consultant role
to facilitate continued education and monitoring
was a particularly successful component of the
initiative.111

The rate of reexploration is a useful indicator of
quality in cardiac surgery. Still, more is needed to
accurately assess the quality of measures taken to
minimize cardiac surgical bleeding. Furthermore,
using the reexploration rate alone can, in some
cases, function as a punitive measure, penalizing
those surgeons who choose to reexplore early and
potentially discouraging or delaying reexploration
even when clinically indicated.53 The fact that
reexploration rate is a component of The Society
of Thoracic Surgeons Adult Cardiac Surgery
Database star rating system can discourage
surgeons from promptly reexploring patients.110

Another factor that may dissuade surgeons
from performing reexploration for bleeding is the
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stigma of reoperation. Patients and families may
more readily accept that a blood transfusion is an
expected outcome after cardiac surgery compared
with a reoperation. This issue could be partially
mitigated by discussing the risk of bleeding pre-
operatively as part of informed consent, with
reexploration clearly documented as a potential
outcome for surgery should patients bleed in the
postoperative setting. In addition, discussion with
families regarding the benefits of decreased
transfusions with a timely reoperation may also
be useful.

Additional factors that could be used as quality
indicators include time to reexploration, for which
the benefits of prompt action have already been
discussed, and the use of an intraoperative, pre-
closure surgical bleeding checklist. Routine use of
surgical bleeding checklists has been shown to
improve outcomes, including reducing rates of
reexploration for bleeding and cardiac tampo-
nade.109,112,113 Crucial elements of these effective
checklists include educational initiatives, ease of
use, memory aids, and evaluation and feedback
to facilitate implementation. Other
considerations to note include the number of
units of blood transfused, the volume of blood
components administered, coagulation tests
performed before reexploration, and an estimate
of the volume of blood lost during cardiac surgery.

7. The Use of Antithrombotic Agents
• The risks of stopping anticoagulant and anti-
platelet therapy must be individualized and
balanced against the benefits of continuing
therapy.

• Prior to elective surgery, in the absence of cor-
onary artery disease (CAD) or a strong antith-
rombotic indication, aspirin should be
discontinued to reduce the risk of bleeding.

Standardized recommendations exist for the
discontinuation/reversal of direct oral anticoagu-
lants (DOACs) and the optimal cessation time for
antiplatelet therapy before cardiac surgery. How-
ever, balancing the risks of stopping therapy
against the benefits of continuing therapy remains
challenging. Therefore, treatment decisions must
be individualized based on the patient’s clinical
status and predicted risk of bleeding.

In elective procedures, it is generally recom-
mended to stop DOAC therapy 2 to 4 days before
major surgery or longer if renal function is
impaired.114 The Perioperative Anticoagulation Use
for Surgery Evaluation (PAUSE) trial provided
insight regarding the safety of discontinuing
DOACs without bridging to heparin. For major
surgery, holding DOACs for >5 half-lives (>48
hours with typically <5% DOAC residual activity)
in patients with normal renal function was associ-
ated with a low risk of major bleeding or throm-
boembolism.115 The decision to proceed in patients
with renal failure is more challenging, and
increasing the length of hold time to a longer
interval was proposed in PAUSE. Although
definitive evidence supporting measurement of
anti-Xa activity in the case of apixaban and rivar-
oxaban exposure does not exist, assaying for anti-
Xa activity before surgery may help, particularly
when there is no evidence of residual effect.

A similar protocol can potentially be applied for
urgent cardiac surgical procedures, provided it is
considered safe to delay the surgery.116 A more
rapid approach is often needed in emergency
surgery.117 In this situation, prothrombin complex
concentrate (PCC) administration has been shown
to be effective and is often the recommended
treatment for the reversal of anticoagulation in
emergency cardiac surgery patients.106 A direct
antidote may also be considered, although these
are often costly and may have adverse
consequences in cardiac surgery.118-120 Idar-
ucizumab is a specific reversal agent for oral direct
thrombin inhibitors and can be used.120

Andexanet alfa is a specific antidote for particular
oral factor Xa inhibitors; however, it can be
associated with subsequent heparin resistance
after administration, which makes this drug a less
desirable strategy in cardiac surgical patients.119,121

Another option under investigation for patients
undergoing emergency cardiac surgery on DOAC
or ticagrelor therapy is intraoperative
hemoadsorption. Further studies are required to
confirm its clinical effectiveness in decreasing
perioperative bleeding and bleeding-related com-
plications, as well as its overall safety.122-124

For antiplatelet therapy, there is broad
consensus on the optimal timing of preoperative
cessation for the most common therapies: a stan-
dard of 3 days for ticagrelor, 5 days for clopidogrel,
and 7 days for prasugrel, with aspirin continued
until surgery.106,114 However, cessation of these
therapies may not be possible in some patients, in
which case preoperative assessment of
antiplatelet drug activity and point-of-care platelet
function testing can be used to assess the risk of
bleeding and guide surgical decision making.106,114

It is well established that aspirin reduces
myocardial infarction in patients with CAD and
thrombotic risk in CABG patients.125,126 In patients
with CAD undergoing CABG, postoperative
bleeding was less in patients who continued
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aspirin until the day before surgery compared
with patients who received enoxaparin.127

However, compared with no anticoagulant
therapy, aspirin has been associated with an
increased risk of bleeding and subsequent
transfusion and reexploration. The risk-benefit
analysis in these patients should consider the
indication for aspirin. Discontinuation of aspirin
for 7 days before surgery should be considered in
the absence of CAD or a strong antithrombotic
indication.114 In patients with a potential indication
for continuing aspirin, the preventative effects
should be balanced against the risk of bleeding.114,128

8. Treatments for Cardiac Surgical Bleeding
• Prophylactic antifibrinolytic therapy reduces
blood loss and transfusions in cardiac surgery
and should be administered to cardiac surgical
patients undergoing CPB unless
contraindicated.

• Owing to its thrombotic risk, recombinant fac-
tor VIIa (rFVIIa) should be used cautiously, and
its use should be restricted to extreme circum-
stances of intractable bleeding.

• PCCs are effective at reducing transfusions in
patients with documented coagulopathies as
part of a comprehensive PBM program.

• Where possible, a 4-factor PCC should be used
rather than rFVIIa alone.

• Fibrinogen supplementation can effectively
decrease blood loss and blood component uti-
lization in patients with acquired
hypofibrinogenemia.

Antifibrinolytics are a key therapeutic inter-
vention for blood conservation in cardiac sur-
gery,129 and the most used of these are the lysine
analogues tranexamic acid (TXA) and
ε-aminocaproic acid (EACA).106,130 Various
studies have shown that TXA is effective at
reducing blood loss, bleeding complications, and
the need for reoperation without increasing
mortality.131-133 Higher dosing regimens, howev-
er, have been associated with an increase in
postoperative seizures.131,132,134 Data on EACA in
cardiac surgery are more limited, but there do
not appear to be meaningful differences
compared with TXA.106,135 In a study vs standard
of care, EACA reduced postoperative RBC
transfusion requirements in high-risk cardiac
surgery and reduced the use of other blood com-
ponents in all cohorts.136

rFVIIa has also been effective in reducing
bleeding and blood component transfusion, even
at very low doses.137-139 However, the use of
rFVIIa can be an independent predictor for the
development of thromboembolic events.114,138

Although much of this thrombotic risk was
associated with the higher doses administered to
patients with hemophilia, even at lower doses,
rFVIIa should be used with caution. Use should
be restricted to extreme circumstances, such as
intractable nonsurgical bleeding unresponsive to
standard hemostatic therapies, and rFVIIa should
not be used to postpone reexploration.106,114,138,140

Another potential treatment option to reduce
refractory bleeding that can be incorporated as
part of a multifaceted coagulation management
strategy is the use of PCCs postoperatively for
patients exhibiting a documented coagulop-
athy.106,114,141 Although comparative data are
lacking, a 4-factor PCC may exhibit similar he-
mostatic efficacy to rFVIIa with a lower incidence
of adverse events. One retrospective cohort study
in patients undergoing cardiac surgery showed a
significant reduction in cryoprecipitate trans-
fusion, with no significant difference in inpatient
mortality or blood component transfusion.142

In several small studies, a PCC was more
effective at reducing transfusion than plasma
without an increased thrombotic risk.141,143-147 The
reduced efficacy of plasma may be partially due to
underdosing secondary to variable levels of clot-
ting factors in donated plasma, and the risk of
transfusion-associated lung injury with plasma
must be considered.146 Further confirmation of
the safety profile of PCC is needed in
multicenter randomized controlled trials,141,146

although PCC use has been advocated for in
Canada and some European countries.148-150

Because clot formation and strength rely
heavily on fibrinogen levels,151 preoperative
fibrinogen concentration should be measured
before cardiac surgery to guide hemostatic
interventions, particularly in those at high risk of
bleeding. Acquired hypofibrinogenemia after
cardiac surgery frequently occurs due to
hemodilution on CPB.152 In this scenario, various
studies have shown that administration of
fibrinogen concentrate effectively reduces
bleeding and decreases blood component
transfusion requirements,153-156 despite a lack of
large-scale studies investigating safety. Data sug-
gest noninferiority between fibrinogen concen-
trate and cryoprecipitate, and additional
advantages of fibrinogen concentrate include
shorter and simpler infusion times compared with
cryoprecipitate.157,158 Furthermore, fibrinogen
concentrate has generally exhibited a favorable
safety profile with a low risk of thromboembolic
events.151,158,159 Optimal dosing of fibrinogen
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remains undefined. Although 150 mg/dL is
traditionally considered an adequate fibrinogen
threshold for replacement, higher values may be
necessary for hemostasis in patients having
undergone CPB, especially in those who are
severely coagulopathic.160-163

CONCLUSIONS

Excessive perioperative bleeding in cardiac sur-
gery is associated with significant adverse out-
comes. These consensus statements, developed
by an international panel of experts, aim to reduce
bleeding and work toward a more comprehensive
quality metric to improve outcomes. Broad dis-
cussion is needed to establish a universal defini-
tion of excessive bleeding, standardized PBM
strategies, and performance quality indicators
beyond the reexploration rate, such as using
bleeding checklists and time to reexploration, to
more accurately measure the quality of care and
improve patient outcomes.
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