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Purpose: Excessive bleeding is an acknowledged consequence of cardiac surgery, occurring in

up to 10% of adult patients. This clinically important complication leads to poorer patient

outcomes. Clinical practice guidelines are available to support best practice however variability

in bleeding management practice and related adverse outcomes still exist. This study had two

objectives: 1) to gain insight into current bleeding management practice for adult cardiac surgery

in Australia and how that compared to guidelines and literature; and 2) to understand perceived

difficulties clinicians face implementing improvements in bleeding management.

Methods: A national cross-sectional questionnaire survey was utilized. Perspectives were

sought from cardiac surgeons, cardiac anesthesiologists and perfusionists. Thirty-nine closed-

ended questions focused on routine bleeding management practices to address pre and intra-

operative care. One open-ended question was asked; “What would assist you to improve

bleeding management with cardiac surgery patients?” Quantitative data were analysed with

SPSS. Qualitative data were categorized into the domains of the Theoretical Domains

Framework; the domains were then mapped to the COM-B model.

Results: Survey responses from159Anesthesiologists, 39 cardiac surgeons and 86 perfusionists

were included (response rate 37%). Four of the recommendations queried in this survey were

reported as routinely adhered to < 50% of the time, 9 queried recommendations were adhered to

51–75% of the time and 4 recommendations were routinely followed >76% of the time.

Conclusion: There is a wide variation in peri-operative bleeding management practice among

cardiac anaesthesiologists, surgeons and perfusionists in Australian cardiac surgery units.

Conceptualizing factors believed necessary to improve practice with the TDF and COM-B

model found that bleeding management could be improved with a standardized approach

including; point of care diagnostic assays, a bleeding management algorithm, access to

concentrated coagulation factors, cardiac surgery specific bleeding management education,

multidisciplinary team agreement and support, and an overarching national approach.

Keywords: bleeding, cardiac surgery, clinical practice guidelines, multidisciplinary,

theoretical domains framework, implementation

Introduction
Bleeding is an acknowledged consequence of cardiac surgery, with the application

of cardiopulmonary bypass differentiating this from other surgical specialities.1,2
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Major bleeding occurs in up to 10% of adult patients and

is a common, clinically important complication increasing

re-exploration surgery, length of stay, resources, cost and

allogeneic blood transfusion (ABT).3–5 In Australia, car-

diothoracic surgery stands as the largest surgical indication

of fresh frozen plasma (FFP) and platelet use; and

the second most common surgical indication for red

blood cells (RBC).6,7 Major bleeding, blood transfusion,

and/or re-exploration surgery have an additive effect of

poorer clinical outcomes, including infection, and both

early and late mortality.5,8–10 Major bleeding can be influ-

enced by multiple patient and procedural factors including

pre-operative anti-platelet and anti-coagulant medication,

cardiopulmonary bypass-related dilution/loss/consumption

of clotting factors, platelets, fibrinolysis; as well as the

contribution of the surgical team.11

Minimising bleeding and blood loss is part of patient

blood management (PBM), a World Health Organisation

(WHO) supported paradigm that incorporates the imple-

mentation of multimodal and multidisciplinary concepts

to manage the patient’s own blood: one of the aims being

to avoid innappropriate ABT.12 More specifically, many

clinical practice guidelines (CPGs) support PBM in car-

diac surgery including the 2018 joint European

Associations for Cardio-Thoracic Surgery and

Cardiothoracic Anaesthesiology, “Guidelines on Patient

Blood Management for adult cardiac surgery”.13–18 These

guidelines recommend collaboration between cardiothor-

acic surgeons, anesthesiologists, clinical perfusionists

and nurses to: 1) optimise patients pre-operatively and

reduce bleeding risk; 2) maintain haemostasis intra-

operatively; and 3) provide evidence-based treatment

for bleeding complications. Numerous strategies exist to

achieve these goals including use of tranexamic acid

(TXA); retrograde and antegrade autologous priming;

bleeding management treatment algorithms; and haemo-

static point of care testing.

Despite existing recommendations, the implementation

of interventions to reduce this multifaceted morbidity pre-

sents a significant challenge for the surgical team.

Literature reports variation in bleeding rates and transfu-

sion, with one study demonstrating a 70% absolute var-

iance in the transfusion of RBCs making it implausible

that uniform bleeding management strategies are being

applied.1,7,19,20 The ability to provide best practice by

individual clinicians, institutions or even wider health-

care services does not occur on its own, or even through

dissemination of CPGs; CPGs are simply tools used to

inform, improve or support behaviour. Practice variation

may reflect lack of awareness of evidence and CPGs but

may also reflect inadequate emphasis on, or difficulties

with, implementation of locally appropriate strategies.20,21

It is likely that confidence, trust and co-operation are

required for an effective collaboration between the cardiac

surgeon, anesthesiologist and perfusionist to prevent and

manage bleeding in cardiac surgery patients. Such strate-

gies also require supporting clinicians, supplementary

tools and infrastructure; backed by overarching institu-

tional blood management programs.22 WHO have identi-

fied a number of priorities for action for implementing

PBM including: 1) setting up multi-disciplinary teams for

managing blood effectively; and 2) conducting bench-

marking studies to understand and compare practices of

blood management-related strategies between clinicians

and hospitals.23

Local evidence can elucidate bleeding management

care currently provided, and rigorous theoretical constructs

can be used to recognise requisites for improvement. Such

frameworks and models can provide an explanation of

how any improvements or change might successfully

occur in complex environments that include clinicians

interacting, and operating at different organisational

levels.24 The Theoretical Domains Framework (TDF)

facilitates understanding of clinical behaviours around

evidence-based guidelines and provides a method to cate-

gorise behaviour.25 Use of the TDF to identify factors

influencing bleeding management can then be mapped

into the “Capability, Opportunity and Motivation Model”

(COM-B) for designing interventions to improve

practice.26 The COM-B model proposes that for any beha-

viour to take place, a clinician must: 1) have the capability

to perform the behaviour; 2) have the physical and social

opportunity to do so; and 3) be motivated.27 This combi-

nation of theoretical constructs has been used in a variety

of settings to understand, explain and improve practice but

not before in cardiac surgical bleeding management.28,29

Current intra-operative bleeding management practice

in Australian cardiac surgery units is not understood. The

barriers and enablers to implementing effective bleeding

management strategies, including the relationships

between key stakeholders, and institutional support, likely

impact on the uptake of evidence-based practice. This

study aimed to identify the bleeding management strate-

gies currently used by clinicians in Australian cardiac

surgery, and to elucidate what factors influence their abil-

ity to deliver best practice.
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Materials and Methods
Objectives
The study had two objectives: 1) to gain insight into

current bleeding management practice for adult cardiac

surgery in Australia and how that compared to guidelines

and literature; and 2) to understand perceived difficulties

clinicians face implementing improvements in bleeding

management.

Design
A national cross-sectional questionnaire survey.

Recruitment and Sample
Perspectives were sought from key clinical stakeholders

including cardiac surgeons, cardiac anesthesiologists and

perfusionists. To facilitate this, the survey was approved

and distributed by the: 1) Australian and New Zealand

Society of Cardiothoracic Surgery (ANZSCTS); 2)

Australian and New Zealand College of Anaesthetists

(ANZCA); and 3) the Australian and New Zealand

College of Perfusionists (ANZCP). The surveys were

sent via email from the professional bodies on behalf of

the researchers, including an invitation, hyperlink and

a plain language statement that explained the survey objec-

tive. This was followed by one reminder. All ANZSCTS

consultant members and all ANZCP clinical perfusionists

were included. ANZCA have a large membership and they

are conscious to limit survey fatigue for their group; there-

fore, invitations were only sent to the anesthesiologists

belonging to the special interest group that includes car-

diac, thoracic, perfusion and vascular anesthesiologists.

Responses from vascular and thoracic anesthesiologists

were excluded from the analysis, as were responses from

consultants practicing in New Zealand. Data collection

was undertaken between November 2017 and March 2018.

The recruitment email provided a web-link to the par-

ticipant information sheet and online survey. Consent was

implied by participants moving through the eligibility cri-

teria, participation involvement requirements and rights.

The survey was designed to be completed on-line; how-

ever, a printable version was made available on request.

Estimated time for completion of the survey was 10–15

minutes. The study approved by the Human Research

Ethics Committees from The Prince Charles Hospital

(IRB No. HREC/17/QPCH/340), Griffith University (IRB

No. 2017/590) and University of Sunshine Coast (IRB No.

S171105); and carried out in accordance with the princi-

ples of the Declaration of Helsinki.

Survey Development
The 40-item self-administered anonymous open question-

naire was developed within the web-based platform,

LimeSurvey.30 The questionnaire was developed from sur-

vey instruments previously validated for blood manage-

ment and aligned with bleeding management strategies

from literature, CPGs and discussion among authors.31,32

Thirty-nine closed-ended questions focused on routine

bleeding management practices by individual clinicians

to address pre-operative risk management and intra-

operative care. Answers were based on CPG best practice

with an “Other” check box that allowed text data to be

entered if respondents wished to add additional comments

on their practice; this was added to accommodate the

heterogeneity with cardiac surgery procedures. Survey

questions covered topics of: 1) demographics including

occupation, hospital type and post code (n=6); 2) support-

ing committees and staff (n=2); 3) pre-operative manage-

ment (n=6); and 4) intra-operative management (n=25).

There was one open-ended question at the end of the

survey; “What would assist you to improve bleeding man-

agement with cardiac surgery patients?” This question

aimed to gather insight into participants’ perceptions of

barriers or facilitators that impact their ability to manage

bleeding or implement improvement strategies in their

current environment.

The survey was tested for face and content validity

with a convenience sample of 10 expert clinicians and

researchers not involved in the survey development.

Based on feedback, some modifications were made pri-

marily regarding the use of language, with a final review

by the authors prior to distribution.

Analysis
Close Ended Survey Questions

Survey data were imported into SPSS (v.25.0) for coding

and statistical analysis.33 Descriptive statistics were used

to summarise the data collected in terms of demographic

and clinical characteristics of the cardiac surgery units,

their patient cohorts and reported bleeding management

strategies. Results were excluded from analysis if respon-

dents completed less than 50% of the survey, as they did

not contain enough data to meet the study objectives.
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Open-Ended Question

Initially, responses to the open-ended question were read

to achieve an understanding of the data and to separate

statements that contained more than one theme. Data

were imported into NVivo 12 and coded into the 14

TDF domains with a recursive process following

a thematic analysis approach.24,25 Statements were also

identified as barriers or facilitators that influence beha-

viours and finally, the statements were mapped into the

COM-B model. The entire analytic process was

achieved by two of the authors (BP, SK) and discrepan-

cies resolved through discussion.

Results
Demographics
Surveys were sent to 761 members (131 cardiac surgeons;

476 anesthesiologists and; 154 perfusionists). Of these,

351 responses were received (46% response). Excluded

responses comprised; clinicians not practicing in

Australia (n=5); and if less than 50% of the survey was

complete (n=62). A total of 284 survey responses were

included in the final analysis. Response rate by partici-

pants from the Australian and New Zealand Society of

Cardiothoracic Surgery was 30% (39/131); 2. Australian

and New Zealand College of anaesthetists was 33% (159/

476); and, 3. the Australian and New Zealand College of

Perfusionists 56% (86/154). Survey respondents were pre-

dominately anesthesiologists (56%), working primarily in

metropolitan public hospitals (64%), in NSW (40%)

(Table 1).

Routine Use of CPG Recommended

Bleeding Management Strategies

Blood Management Committees and Blood

Management Nurses

Most (71%) participants reported having a blood management

committee at their institution, however only 42% reported

having a blood management nurse at their institution; the

remainder did not have or were unaware of the existence of

a role. CPGs recommend committees and dedicated blood

management positions to support best practice15,16,18 In the

“Other comments” text box for this question, many partici-

pants stated that blood management would be improved with

additional clinical support such as: “blood management nurse

onsite”, “transfusion nurse onsite”, “properly trained transfu-

sion expert” and “more blood management nurses” (Table 2).

Finally, participants perceived issues related to hospital

resources and processes were needed for successful bleeding

management at the bedside: “convince executive to purchase

equipment and fund support staff” and “Patient Blood

Management program (our previous program was scrapped

in transition to a new hospital)”.

Anti-Platelet Medication

Participants reported it was a routine practice to cease P2Y12

receptor inhibitors (83%) for elective surgery consistent with

CPG recommendations.13,14,16,17 Sixty-two percent of

respondents reported that it was a routine practice to continue

aspirin therapy (62%) prior to elective cardiac surgery

(Figure 1) consistent with guidelines recommending there

is sufficient evidence for continuation.13,14,16,17 In the text

field for aspirin cessation, surgeons commented that these

decisions were patient specific for example: “not for redo

cases”, “case dependent”, and “dependent of stability and

lesion type”. Anesthesiologist comments were related to the

practice being “surgeon dependent”.

Tranexamic Acid (TXA)
Routine use of TXA was reported by 79% of anesthesiol-

ogists and 74% of cardiac surgeons (perfusionist responses

Table 1 Demographic Characteristics of the Survey Sample (n=284)

Specialty

Anesthesiologist 159 (56%)

Perfusionist 86 (30.3%)

Cardiac Surgeon 39 (13.7%)

Type of hospital setting

Metropolitan Public Hospital 183 (64.4%)

Metropolitan Private Hospital 59 (20.8%)

Regional Public Hospital 27 (9.5%)

Regional Private Hospital 15 (5.3%)

Heart/Lung Transplant service

Yes 60 (21.1%)

No 224 (78.9%)

ECMO and/or VAD

Extracorporeal Membrane Oxygenation (ECMO) 165 (58%)

Ventricular Assist Device (VAD) 2 (0.7%)

Both 72 (25.4%)

Participating State the answers refer to

New South Wales 113 (39.8%)

Victoria 73 (25.7%)

Queensland 58 (20.4%)

Western Australia 20 (7%)

South Australia 17 (6%)

Tasmania 3 (1.1%)
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Table 2 Respondent Perceptions of Requirements to Improve Bleeding Management Practice

COM-B TDF Domains Themes Example Quotations Frequency

Out of 99

Capability Behavioural

Regulation

Standardization “A more structured approach to bleeding” A

“Blood product availability should not be unit dependent for

institutions within the same state or territory. Every blood

bank at every hospital has different process for providing blood

products” P

“Need consistency in approach between different surgeons

and ICU clinicians” A

“Our local algorithm included in an app tomake it easy to follow”A

“Minimise haemodilution in the first place, is the most important

strategy” S

16

Knowledge Cardiac surgery specific

bleeding management

education/guidelines

“Online CPD courses specifically looking at bleeding in cardiac

surgical patients” A

“National guidelines which set a standard for blood product

administration based on a single ROTEM algorithm accepted

nationally rather than unit based” P

“Some evidence-based bleeding management guidelines would

be helpful” P

“National guidelines would allow us to push past local funding

and political problems” A

“More and more education” A

13

Opportunity Environmental

Context and

Resources

Access to point of care

diagnostic assays

(ROTEM/TEG & Multiplate)

“Better POCCT availability (i.e. rapid)” P

“ROTEM ± Multiplate in MOT” A

“I believe we should be using point of care

thromboelastography with a panel of tests” A

“Easy point of care access to TEG/ROTEM”

“ROTEM, Multiplate and vWF assays” S

“Better availability of Multiplate analysis” A

“Better point of care assessment - rapid response time” A

“Need Multiplate, ROTEM” P

“The availability of TEG has changed our management” A

“ROTEM or equivalent in theatre itself” S

20

Dedicated blood

management support

clinicians

“I expect it would not be a viable business model, but it would

be novel and helpful to have a separate and properly trained

transfusion expert to manage massive bleeding” A

“Blood management nurse support” A

“Transfusion nurse onsite” A

“More blood management nurses” S

15

Decision support tool for

bleeding management

(algorithm/app)

“Standardized ROTEM guided algorithm” A

“Algorithms” P

“Decisions guided by an algorithm/app approved and adopted

nationally” A

“ROTEM/Multiplate interpretation app” S

“An agreed protocol for the bleeding patient would be useful” A

“App would be useful, including doses, (on/kg basis)” A

9

(Continued)
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were excluded) consistent with CPGs.13–16,18 Mode of

delivery and dosing by anesthesiologists and cardiac sur-

geons are reported in Table 3. Surgeon responses were

excluded from “dosing” as they were largely unaware of

doses of TXA: “unsure”, “no idea”, and “don’t know”.

Dosing by anesthesiologists varied (Table 3) with com-

ments in the text field for TXA use, including: “generic

500mg/hr”, “4.5mg/kg/hr as per the info pamphlet”, “I

follow the ATACAS trial recommendations”, “up to 4.5g

depending on eGFR”, “algorithm from product info based

on weight and GFR” and “most get 2g infused over 2–3

hrs”. Four percent of anesthesiologists mentioned the

ATACAS trial results in the field for additional

comments.34

Minimising Haemodilution
Reported routine use of retrograde autologous priming

(RAP) varied by: 1) surgeons (59%), 2) anesthesiologists

(49%), and 3) perfusion (40%). Variation was also

recorded in the routine use of mini circuits by 1) sur-

geons (72%), 2) anesthesiologists (63%) and 3) Perfusion

(48%). Limiting haemodilution is recommended to

Table 2 (Continued).

COM-B TDF Domains Themes Example Quotations Frequency

Out of 99

Access to fibrinogen

concentrate

“Fibrinogen concentrate” A

“Fibrinogen concentrate more readily available” A

“Availability of more specific factors such as fibrinogen

concentrate” S

“Availability of FC” A

6

Social Influences Multidisciplinary team

contribution

“Combined cardiac surgery, cardiac anaesthesia, intensive care

and haematology consensus on management with emphasis on

point of care testing” P

“An awareness by cardiologists re their impact on potential

post op bleeding in acute patients” S

“Needs to be multi-disciplinary to work” P

“I would like the intensivists to be more interested” A

“We have a good response at this hospital, with good advice

from Haematology” A

“If the various departments (cardiac, surgery, anaesthesia, ICU

and blood bank) could actually work together” A

“Haematologist with experience in acute bleeding” A

“More awareness from everyone involved - ICU, surgeons,

hospital administration” S

“Need a co-ordinated blood management program” A

“A haematologist that answers the phone” S

12

Motivation Beliefs about

capability

Control (or lack of) over

ability to effectively manage

bleeding

“We have the best available tools and agents available to us for

routine use” A

“Too many times tests are performed, and the results are

either ignored or not considered in the management of post-

operative bleeding” P

“We have a documented strategy for dealing with bleeding that

includes administration of platelets. cryoprecipitate and

desmopressin. Factor VII is only used when surgical bleeding

continues beyond reasonable use of blood products” P

“Better blood bank support for peripheral hospitals” S

“It is frequent to have a normal ROTEM in the bleeding post-

op patient, but blood products are given anyway as opposed to

discussion about surgical intervention” A

8

Abbreviations: S, Surgeon; A, Anesthesiologist; P, Perfusionist.
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reduce bleeding.13,15 Perfusionists recorded detailed

responses to RAP and mini circuits: mini-prime circuits

for all patients (500–800mls prime), “more stringent

use of low prime”, “RAP” and “RAP/VAP”.

Anesthesiologists comments included: “occasionally

with additional bleeding risk factors” and “depends on

surgeon”. However, the surgeons commented with recog-

nition of an overarching need to avoid haemodilution:

“minimise haemodilution in the first place, is the most

important strategy”.

Bleeding Management Treatment

Algorithm and Point of Care Diagnostic

Assays (ROTEM/TEG and Multiplate)
Just over half of the respondents (54%) reported using

a bleeding management algorithm, which is recommended

by multiple CPGs.13,14,17 Rotational Thromboelastometry

([ROTEM], Werfen® Bedford, MA) or rotational thromboe-

lastography ([TEG®]; Haemonetics, Braintree, MA) were

reportedly used routinely by 83% of respondents.13,14

However, only 42% reported using platelet function testing,

0 20 40 60 80 100

Use of FFP for Fibrinogen Supplementation

Use of Fib Conc for Fibringoen Supplementation

Use of FFP for Vitamin K Antagonist Reversal

Use of combination Cryo & Fib Conc for Fibrinogen Supplementation

Use of combination PCC & FFP for Vitamin K Antagonist Reversal

Use of Multiplate to Diagnose / Treat / Monitor Platelet Dysfunction

Use of PCC for Vitamin K Antagonist Reversal

Minimising Haemodilution with Retrograde Autologous Priming

Use of a Bleeding Management Treatment Algorithm

Use of DDAVP for patients with Acquired Platelet Dysfunction

Minimising Haemodilution with Mini Circuits

Continuation of Aspirin Until Time of Surgery

Use of Cryo for Fibrinogen Supplemenation

Use of Cell Salvage in Patients with High Risk of Bleeding

Correction of Ionised Calcium to >0.9mmol/l

Routine use of Tranexamic Acid

Cessation of Anti-platelet P2Y12 Prior to Surgery

Use of ROTEM/TEG to Manage Bleeding; Diagnose / Treat / Monitor

Use of aFVll in Patients with Life Threatening Bleeding

% Percentage Use Of Bleeding Management Strategies By Respondents

Figure 1 Frequency of routinely applied bleeding management strategies in cardiac surgery.

Abbreviations: aFVll, activated factor seven; FFP, fresh frozen plasma; PCC, prothrombin complex concentrate; Cryo, Cryoprecipitate; Fib Conc, Fibrinogen concentrate;

ROTEM, Rotational Thromboelastometry; TEG, Thromboelastography; DDAVP, D-Deamino Arginine Vasopressin.

Table 3 Routine Use of Tranexamic Acid by Anesthesiologists and Surgeons

Mode of Delivery (n=181)

Bolus only Continuous only during the surgical

procedure

Bolus +

Continuous

Not sure Other

Anesthesiologist

(n=142)

17.6% 9.2% 67.6% 0% 5.6%

Surgeon (n=39) 43.6% 7.7% 38.4% 10.3% 0%

Dose (n=142)

Bolus only Continuous only during surgical procedure Bolus + Continuous

Anesthesiologist 1–2g total or

15–50mg/kg

1g/hr for 2–3 hrs, or over the entire surgical procedure,

or 2–15mg/kg/hr

1–2g or 10mg/kg up to

50mg/kg

2–15mg/kg/hr
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with remainder reporting they did not use it at all, or that it

was not available at their institution (Figure 1).

Diagnosis and Treatment of Fibrinogen

Deficiency
There was a wide variation in participant responses regard-

ing the diagnosis and routine treatment of fibrinogen defi-

ciency (Table 4). Recent recommendations state that in

patients with excessive bleeding: 1) consider the use of

fibrinogen concentrate, 2) there is insufficient literature to

evaluate the intraoperative or postoperative transfusion of

cryoprecipitate to manage actual or potential coagulopathy,

and 3) FFP may not provide an adequate increase in plasma

fibrinogen concentrations to impact bleeding.13,14,17

Vitamin K Antagonists (VKAs)

Participants reported routinely correcting post-bypass bleed-

ing associated with warfarin therapy with: 1) prothrombin

complex concentrate (PCC) (42%), 2) a combination of FFP

and PCC (34%) and, 3) FFP (24%) (Figure 1). The recom-

mendation for bleeding associated with warfarin is PCC or

FFP if PCC is not available.13,14,17,35 Additional text com-

ments for this question included: “should have gatekeeper

access to FFP, its outside guidelines”.

D-Deamino Arginine Vasopressin

(DDAVP)
The use of DDAVP for post-operative bleeding associated

with impaired platelet function or decreased platelet count

was reported by 54% of surgeons and anesthesiologist

respondents, which follows current guideline recommen-

dations (Figure 1).13,14,17 Additional anesthesiologists

comments included: “for VADs and uraemic patients”,

“renal imp” (airment), “renal disease” and “frequent sur-

geon request”.

Activated Factor Vll (FVlla)
The use of FVlla as a rescue therapy in the setting of

excessive life-threatening bleeding was reported by 86%

of surgeons and anesthesiologist respondents; the remain-

ing respondents stating they did not use it at all (Figure 1).

Responses in the optional text field included: “only as

a last resort, almost never”, “only when certain surgeons

stamp their feet”, and “rarely”.

Cell Salvage
Cell salvage was reportedly used routinely by 39% of all

respondents, 33% reported use in patients with a high risk

of blood loss and post-operative bleeding only, and the

remainder reporting no use of cell salvage (Figure 1).

CPGs recommend postoperative cell salvage may be con-

sidered to reduce transfusions in patients with

bleeding.13,14,17

Residual Pump Blood (RPB)
Routine re-infusion of RPB varied with 69% stating that

they would return the blood to the patient unwashed, 18%

washed the RPB in a cell saver, the remaining using

various combinations of washed or unwashed related to

Hb and time on pump (Figure 1). Participants responded

with additional comments including: “half unwashed, half

washed”, “combined with cell saver volume”, “unwashed

<2hr washed >2 hr run”, “either unwashed or cell-salvaged

depending on the duration of CPB and also volume status”

and “unwashed<1hr washed >1 hr”.

Ionised Calcium
The correction of ionised calcium to a level >0.9 mmol/l

was reportedly practiced by 77% of respondents

(Figure 1), with additional comments: “1.2 −1.3 mmol/l

ionized”, “no specific target”, “it’s not for coagulation!!

Table 4 Participant Responses for Diagnosis and Correction of Fibrinogen Deficiency

Diagnosing the cause of fibrinogen deficiency (n=158)

Point of care

diagnostic assays

Standard laboratory tests Combination of point of care diagnostic assays and

standard laboratory tests

Empirical

diagnosis

68.2% 25.8% 4.5% 1.5%

Correction of fibrinogen deficiency (n=39)

Cryoprecipitate Combination of cryoprecipitate and

fibrinogen concentrate

Fibrinogen concentrate FFP

64% 26.9% 6.1% 3%
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it’s for myocardial function!!! If low enough so stop clot-

ting pt is dead”, “> 1 mmol/l” and “1.2 mmol/”. Surgeons

commented they were “not sure” or “> 1 mmol/l”; there

were no comments from perfusionists.

Barriers and Enablers to Implementing

Bleeding Management
A total of 69 (25%) respondents answered the open-ended

question at the end of the survey; “What would assist you

to improve bleeding management for cardiac surgery

patients”? (Table 2). Responses were received from 41

anaesthesiologists, 14 cardiac surgeons and 14 perfusio-

nists. Many responses contained more than one belief; in

total there were 99 individual belief statements which were

coded into themes with the TDF (Table 2). Five domains

from the TDF contained content relevant to the study

objectives, including: knowledge; social influences; beliefs

about capabilities; environmental context and resources;

and behavioural regulation (Table 2).

Once the TDF domains were mapped into the COM-B

model, opportunity was identified as the biggest influence

to implementing optimal bleeding management (Table 2).

This included: 1) access to point of care diagnostic assays

(ROTEM/TEG and Multiplate); 2) dedicated blood man-

agement clinicians; 3) decision support tool for bleeding

management (algorithm/app); 4) access to fibrinogen con-

centrate and; 5) multidisciplinary team contribution.

Motivation to improve bleeding management was influ-

enced by the individuals’ perceptions regarding their abil-

ity to effectively manage bleeding. Respondents identified

the capability to manage bleeding effectively as influenced

by: 1) standardization of practice; and 2) cardiac surgery

specific, bleeding management education/guidelines.

Discussion
To our knowledge, this is the first study that has aimed to

gain insight into current practices for managing bleeding

risk, and actual bleeding during adult cardiac surgery in

Australia, as reported by clinicians reflecting on their

practice. We also aimed to understand what clinicians

perceived as barriers and enablers to improving their

bleeding management practice. Importantly, these aims

were explored from the perspective of key stakeholders

in the peri-operative phase of surgery, using a recognised

theoretical approach (TDF and COM-B model). Our study

demonstrated wide variation and incomplete implementa-

tion of the queried CPG bleeding management

recommendations. Four of the recommendations queried

in this survey were reported as routinely adhered to less

than 50% of the time, 9 queried recommendations were

adhered to 51–75% of the time and only 4 recommenda-

tions were routinely followed greater than 76% of the

time.

Participants consistently stated that a key requirement

for effective bleeding management was a supportive multi-

disciplinary approach to blood management; however,

one-third of respondents did not have, or were not aware

of, a blood management committee at their institution.

Various guidelines including the Society of Thoracic

Surgeons/Society of Cardiovascular Anesthesiologists

Blood Conservation CPGs recommend the establishment

of blood management committees.

A multi-disciplinary approach involving multiple stake-

holders, institutional support, enforceable transfusion algo-

rithms supplemented with point-of-care testing, and all of

the already mentioned efficacious blood conservation

interventions limits blood transfusion and provides opti-

mal blood conservation for cardiac operations. (Class I,

Level of evidence, A)15,16

Furthermore, a significant body of literature supports com-

prehensive programmes with jurisdictional, executive sup-

port and clinical leadership, a multidisciplinary approach,

multimodal strategies, education, communication and

feedback as essential to facilitate effective bleeding

management.21,22,36–38 An Australian study of four hospi-

tals found this approach reduced mortality, length of hos-

pital stay, blood product use, and costs across 4

hospitals.22 Data from this study show that while the

need for support at the front line is essential, support is

necessary at multiple organisational levels. A motivated

and well-informed clinician is often not sufficient to

implement change if relevant departments or the wider

organisation does not support practice improvement. This

is likely one of the most significant variables influencing

clinicians’ ability to implement all other bleeding manage-

ment strategies. This was highlighted in the results from

participants' comments demonstrating a lack of

an “opportunity” (COM-B) to improve practice.

The responses recorded a low level of concordance for

the continuation of aspirin through the peri-operative

period.13,14,16,39 A 2017 meta-analysis on patients under-

going cardiac surgery observed that: 1) any dose of aspirin

confers benefit in decreasing mortality and post-operative

acute renal failure (mainly in CABG patients); 2) low-dose
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(≤160 mg) aspirin prior to CABG surgery is associated with

a reduced incidence of MI; and 3) low dose (<160mg)

preoperative aspirin did not increase the incidence of RBC

transfusion or re-operation for bleeding.40 Poor compliance

with this strategy is likely a result of the level of evidence

(Class lla, Level C) and lack of clarity on whether preo-

perative aspirin is beneficial in isolated valve surgery or

other non-CABG cardiac surgery procedures.13 However,

there was a good agreement for stopping anti-platelet

P2Y12 receptor inhibitors (83%) prior to elective surgery,

where evidence is stronger.13–16,39

There was also good compliance for the routine use of

TXA (recommended to reduce ABT in patients undergoing

CPB, Class 1, Level of evidence, A).13,15–17 However, there

was significant variation in the method of administration and

dosing. This may reflect heterogeneity of dose and mode of

delivery (bolus, bolus + infusion and infusion) in studies

investigating TXA in cardiac surgery.34,41,42 Few anesthe-

siologists mentioned the ATACAS trial in the text field on

TXA prescribing. This was an Australian multi-national trial

(the largest trial to date (n=4,631)) that investigated TXA use

in patients at increased risk of perioperative complications

undergoing on, or off-pump CABG, or a combination of

CABG/Valve/other procedures.34 Compared to placebo,

TXA use was associated with a decreased incidence of

ABT; consistent with results from meta-analyses.43,44

Additionally, there was a reduction in re-operation surgery

and no difference in the incidence of death or thromboem-

bolic complications. There was, however, an increase in

seizures, and dosing was reduced during the trial with emer-

ging evidence of seizure risk with high doses. Currently, the

clinical significance is unclear and previous prospective stu-

dies have reported seizures as self-limiting and not associated

with increased morbidity or mortality.45

Despite the ATACAS conclusions, clinicians conceiva-

bly remain concerned about patient-important outcomes

related to the optimal dose that balances the risk of sei-

zures and bleeding and this was reflected in the small

number of responses using ATACAS dosing. The recorded

responses exemplify known barriers to evidence-based

practice including lack of agreement and outcome expec-

tancy with research, as well as knowledge and awareness

of guidelines.46

There was reported variation for routine use of strategies

to minimise haemodilution (RAP and mini circuits). On the

other hand, there was agreement in the comments across all

three disciplines that managing haemodilution in cardiac

surgery was imperative. It is likely the results reflect

underpowered RCTs and lack of strong recommendations

from CPGs (Class lIa, Level of evidence, B) resulting in

uncertainty regarding specific strategies.13–15,47 This is sup-

ported by participants’ common beliefs that standardization,

cardiac surgery specific bleeding management education,

and national guidelines could improve bleeding

management.

A clear finding from this study was the contribution of

point of care diagnostic assays (ROTEM/TEG) to bleeding

management, with 83% of respondents reporting routine

use. There is a significant body of literature in cardiac

surgery demonstrating a move away from use of SLTs, an

increased use of pont of care diagnostic assays and reduced

ABT in situations that require rapid assessment and treat-

ment of bleeding.36,48–50 The key advantage of these assays

is short result turnaround time, allowing clinicians to diag-

nose and treat bleeding promptly, as well as track treatment

response. This is supported by a Cochrane review (2018)

which states there is “growing evidence that application of

TEG- or ROTEM-guided transfusion strategies may reduce

the need for blood products, and improve morbidity in

patients with bleeding”.51 However, less than half of

respondents reported access to the point of care diagnostic

assay to assess platelet function likely because the implica-

tions of platelet function testing intra-operatively including

testing intra and postoperatively are not well understood.

However, pre-operative platelet function testing may guide

decision-making regarding proceeding or cancelling surgery

where possible.52–54 Participants uniformly identified access

to point of care diagnostic assays was critical to improving

bleeding management; with access (or lack of) these instru-

ments reflecting resource issues but also issues of support

(or lack of) from external disciplines and departments (hae-

matology, blood bank).

The results from point of care diagnostic assays are

routinely used in conjunction with bleeding management

treatment algorithms.50 However, reported use of algo-

rithms was low, despite recommendations by CPGs;

We recommend the application of intervention algorithms

incorporating pre-defined triggers and targets based on

VHA coagulation monitoring to guide individualised hae-

mostatic intervention in the case of perioperative bleeding.

(Grade 1C)13,14,17

This is notable because the incidence of coagulopathy and

bleeding in cardiac surgery is high,1,50,55 and use of algo-

rithms has been shown to independently improve standardi-

zation and reduce morbidities, including reductions
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ABT.49,50,56 A cited barrier was the lack of multi-disciplinary

agreement required for the development and use of algo-

rithms. Implementation literature regarding uptake of CPGs

identified decision support systems and social interactions as

successful strategies for practice improvement. Importantly

though, literature demonstrates successful implementation is

related to a planning with a multi-layered approach addres-

sing context-specific barriers.21,22,36,46

Variation in use of therapies to replete fibrinogen def-

icits was also identified. The last decade has seen

increased interest in supplementing low plasma fibrinogen

with fibrinogen concentrate (FC) in the post-operative

bleeding scenario.57–63 While several single-centre RCTs

and observational studies have demonstrated reduced

bleeding and ABT associated with FC supplementation,

a multi-national, multi-center, randomized, double-blind,

placebo-controlled trial comparing FC with placebo, (152

patients, from 34 centers in 11 countries), found that FC

use was associated with an increase in administration of

blood products55,59,60,62–64 The post hoc analysis sug-

gested that the unexpected outcomes with FC were

a result of a combination of poor adherence to the transfu-

sion algorithm, inclusion of patients with higher than

expected pre-treatment fibrinogen levels, and investigators

who lacked familiarity with implementing the protocol.57

Despite these inconsistencies in the literature, parti-

cipants of this survey consistently cited access to FC as

an important factor in improving bleeding management.

A recent pragmatic, multi-center, randomized,

non-inferiority Phase 3 trial (FIBRES) in adult cardiac

surgical patients found FC was noninferior to cryopre-

cipitate when considering the number of ABTs in the 24

hrs post bypass.65 However, surprisingly, time to treat

for FC and cryoprecipitate was the same, negating

a major advantage of using a product that is lyophilized,

allowing for easy storage, reconstitution, and adminis-

tration compared to cryoprecipitate that is retained in

a frozen state and must be thawed and pooled prior to

administration. Furthermore, FC has a standardized con-

centration, is purified and pathogen reduced which miti-

gates risks associated with ABT and is a central tenet of

blood management.12 It is likely that the licensed indi-

cations for FC, as well as cost and logistical issues will

continue to be barriers to the use of FC despite recom-

mendations in guidelines and clinician call for increas-

ing access to the product.14

Results also demonstrated similar variation in

reported therapy to reverse bleeding in cardiac surgery

associated with the use of VKAs, possibly as a result

of the disparities in guidelines (Table 5). Consistency

across guidelines as well as quality and clarity are

important features for successful uptake of

evidence.46 In the absence of cohort-specific national

guidelines, disparities such as those seen in Table 5,

make a case for institution-specific implementation of

evidence by quality improvement teams of clinicians to

ensure local input, supported by senior leadership and

peer review.22

Table 5 Summary of Guideline Recommendations for the Immediate Reversal of VKAs

Guideline Recommendation Class/Level

of Evidence/

Grade

2017 EACTS/EACTA Guidelines on PBM for adult cardiac

surgery

The use of PCC or FFP may be considered to reverse the

action of VKAs13
Class llb

Level of

Evidence B

2016 Management of severe perioperative bleeding: guidelines

from the European Society of Anaesthesiology

In bleeding patients where VKA-induced coagulopathy is

considered a contributing factor, we recommend the

administration of PCC, If PCC is not available, we recommend

the transfusion of plasma14

Grade 1 B

Grade 1C

2013 Australasian Society of Thrombosis and Haemostasis For immediate reversal, PCCs are preferred over FFP. FFP is

not routinely needed in combination with PCC. FFP can be

used when PCC is unavailable35

Grade 2C

2011 Update to The Society of Thoracic Surgeons and the

Society of Cardiovascular Anaesthesiologists Blood

Conservation Clinical Practice Guidelines

For urgent warfarin reversal, administration of PCC is

preferred, but FFP is reasonable when adequate levels of

Factor VII are not present in PCC15

Class lla

Level of

evidence B
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Half of the respondents reported routine use of DDAVP

when patients were suffering with intractable bleeding and

known platelet dysfunction or decreased platelet count. This

is likely to be a reflection of the non-specific nature of the

recommendation, as well as the class and level of evidence;

“prophylactic use of DDAVP to reduce bleeding is not

recommended, but it’s administration might be beneficial

in patients who have inherited or acquired bleeding disorders

or platelet dysfunction" (Class lla, Level of Evidence C).13

This is further compounded by a Cochrane review (2017)

that concluded, “It is possible that people who are more

vulnerable to bleeding, such as those taking antiplatelet

agents, may gain more benefit from DDAVP”.66

Consistent with CPG recommendations, 86% of sur-

geons and anesthesiologists only infused factor Vlla as

rescue therapy in the setting of excessive life-threatening

bleeding with uncontrollable bleeding that cannot be man-

aged by other procoagulant interventions.13–16

In this survey, more than 70% of participants reported

using cell salvage for patients at high risk of bleeding. This

is consistent with recommendations and the last Cochrane

meta-analysis (2010) demonstrating the use of washed cell

salvage in cardiac surgery was associated with a 34% relative

risk reduction in exposure to RBCs (RR 0.66; 95%CI =0.55 to

0.80).13–15,18,47,67,68 A more recent meta-analysis of cardiac

surgery patients including twenty-one studies showed an over-

all reduction in exposure to RBCs, and a decrease in RBC

units per patient with no effect on infection or mortality.69

Nearly 30% of respondents in this survey reported that they

did not routinely use this strategy. Thismay be related to issues

of staffing, training and funding as reported by a recent survey

by the UK cell salvage action group.68

Again, non-specific guidelines and a paucity of evi-

dence may be associated with variation in the return of

residual pump blood (RPB) from the reservoir and circuit

at the end of CPB. Nearly 70% respondents stated they

would routinely return RPB the patient unwashed, nearly

18% washing the RPB in a cell saver, and the remainder

using various other combinations. The 2011 Society for

Thoracic Surgeons guidelines non-specifically recommend

the reinfusion of RPB (Class IIa/level of evidence C).15

Lastly, good agreement was reported for the correction of

ionised calcium to a level >0.9 mmol/l despite the reported

variance in target levels for correction, as well as clinician

statements regarding the impact on haemostasis. This could

be related to the knowledge that while calcium is an impor-

tant cofactor to several physiological components of haemos-

tasis, hypocalcemia in acute bleeding is common, and

treatment with ABT may worsen this with chelation by

citrate additive.70 It remains that calcium supplementation

an important principle of bleeding management with a grade

1B recommendation “ calcium should be administered dur-

ing massive transfusion if calcium concentration is low, to

preserve normocalaemia (>0.9 mmol/l)“.14

Strengths and Limitations
This study is limited by factors inherent to the survey

method. We did not directly observe clinical practice and

self-reported data may not reflect true behaviour. Also, as

participation was voluntary, those agreeing to report poten-

tially more likely to have an interest in bleeding manage-

ment. As a result, our findings may over-represent clinicians

with significant knowledge and compliance with guideline

recommendations. While our study design could not pro-

vide details on the underlying reasons for treatment choices,

the textual data offered explanatory data on the thoughts

and beliefs about the consequences and outcomes of bleed-

ing management. Furthermore, overall accuracy would have

been enhanced by a greater response rate, although 37% is

a common response rate for professional surveys.31

Despite these limitations, this study provides important

information about current bleeding management practice in

Australia and documents the issues clinicians face to improve

the implementation of therapies to manage this complex mor-

bidity. The use of guideline recommendations for bleeding

management in cardiac surgery support: 1) evidence-based

care, 2) reductions in practice variation and, 3) a stimulus for

organisational redesign to support best practice. The wide

variation in reported practice in our study suggests that these

goals may not always be achieved. Our findings mirror pre-

vious studies investigating the uptake of recommendations

from CPGs in blood management.7,31,32 Literature identifies

low level of strength of evidence as a contributor to poor uptake

of guideline recommendations. Many recommendations

include phrases such as; “it may be considered”, “it is not

unreasonable”, or “it is not recommended however . . .”. This

type of phrasing can convey an ambiguous message on an

individual level and not enough authority to support organisa-

tional change. Given the complexity of managing bleeding in

the cardiac surgical cohort, and themulti-disciplinary input not

only from front line clinicians but also from ICU, cardiology,

haematology and blood banks; an overarching co-ordinated

national approach may be required for change.

This is supported by participant beliefs developed with

the TDF and COM-B model proposing that institutions

and professional bodies need to facilitate clinicians to
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improve: 1) their “capability” to manage bleeding more

effectively with a well-documented and structured

approach to bleeding, supported by cardiac surgery speci-

fic bleeding management education and a national guide-

line; 2) the “opportunity” to manage bleeding more

effectively with improved access to point of care coagula-

tion assays, bleeding management algorithms, dedicated

blood management clinicians, access to fibrinogen concen-

trate and collaboration with the multi-disciplinary team;

and 3) “motivation” to manage bleeding more effectively

with improved confidence in their peers to adhere to

agreed bleeding management processes.

Conclusion
In conclusion, there is a wide variation in peri-operative

bleeding management practice among surgeons, anesthesiol-

ogists and perfusionists in Australian cardiac surgery units.

Conceptualizing factors believed necessary to improve prac-

tice with the TDF and COM-B model found that bleeding

management could be improved with a standardized

approach including; point of care diagnostic assays,

a bleeding management algorithm, access to concentrated

coagulation factors, cardiac surgery specific bleeding man-

agement education, multidisciplinary team agreement and

support, and an overarching national approach.

Data Sharing Statement
The survey tool is available as an online supplementary

file. The datasets generated and/or analyzed during the

current study are not publicly available but are available

from the corresponding author on reasonable request.
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