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Cardiac surgery accounts for 15-20% 
of all perioperative blood 
transfusions. Patient Blood 
Management (PBM) reduces 
unnecessary transfusions through 
evidence-based strategies.

A multidisciplinary approach 
optimizes outcomes across all 
perioperative phases. 

Innovative S
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QUESTIONS 
TO BE 

ANSWERED

• What is Patient Blood Management?

• Why is PBM important?

• Who’s role is it to manage PBM in surgery?

• What is “Blood Failure”?

• What therapeutic options do we have available to 

prevent or treat “blood failure” in the pre, intra and 

post-operative setting?

• What constitutes a robust PBM department?

• What obstacles still remain?



BLOOD AS AN ORGAN SYSTEM

Blood is absent (anemia)

Blood is defective (hypo or hyper coagulable, O2 carrying capacity)

Blood is lost (Bleeding, Destruction)

BLOOD FAILURE

The Concept of Blood Failure



SABM/STS FOUR PILLARS OF PBM



PBM - “GLOBAL DEFINITION”

• “Patient Blood Management is a patient-
centered, systemic, evidence-based 
approach to improve patient outcomes by 
managing and preserving a patient’s own 
blood, while promoting patient safety and 
empowerment” 

• Shander et al Anesthesia and Analgesia 2022



INCREASED ASSOCIATION OF ADVERSE OUTCOMES IN 
PATIENTS WITH ANEMIA AND/OR TRANSFUSION 

Tibi PR et al.

The Annals Of Thoracic 

Surgery 

Patient Blood 

Management Guidelines 

Volume 112, Issue 3, 

P981-1004, September 

01, 2021



PBM - CLINICAL OUTCOMES

LaPar 2013, Kotze 2012, Moskowitz 2010, Reddy 2009, Brevig 2009, Ferraris 2007, Wong 

2007, Ghiglione 2007, Freedman 2007, Martinez 2007, DeAnda 2006, Freedman 2005, pierson

2004, Kourtzis 2004, Morgan 2004, Slappendel 2003, Van der Linden 2001, Helm 1998



INCIDENCE AND IMPACT OF A SINGLE-UNIT RED BLOOD CELL 
TRANSFUSION: ANALYSIS OF THE SOCIETY OF THORACIC 
SURGEONS DATABASE 2010–2019 

• Girardi et al. Ann Thorac Surg 2023;115:1035–42

• 10 years 

• Isolated CABG and AVR 

• 2,151,430 encounters

• 847,442 received transfusions

• 1,303,988 received 0 units 

• 206,555 received 1 unit

• Propensity matching of 206,555 pairs for comparison

AVR, aortic valve replacement CABG, coronary artery bypass grafting; RBCs, red blood cells.



Cardiac surgery is the “poster 
child” for PBM

Blood Loss Risk

Cardiac procedures inherently 

cause significant bleeding. High-

dose anticoagulation 

complicate management.

Bypass Complications

Cardiopulmonary bypass (CPB) 

creates complex interactions. 

These affect coagulation and 

increase transfusion needs.

Transfusion Consequences

Adverse effects include infections, allergic reactions, and 

immunosuppression. Blood products also create economic burden.

https://gamma.app/?utm_source=made-with-gamma


PBM IN 

SURGERY-

WHO’S 

ROLE IS 

IT?

• Primary Care? Only pre-op

• Admitting Physician? Only pre-op

• Anesthesiologist? Only intra-op

• Intensivist/Hospitalist? Only post-op

SURGEON

PBM spans the full spectrum of care and is to be practiced long before 
admission, surgery or any need for transfusion other than immediate and 
overwhelming blood loss. The surgeon is in the best position to do so.

Pre-op Intra-op Post-op



Many Cardiac Surgeons





What is a Class 1 
recommendation?

Class I 
recommendations are 
strong and indicate that 
the treatment, procedure, 
or intervention is useful 
and effective and 
should be performed or 
administered for most 
patients under most 
circumstances.

CLASS 1 RECOMMENDATION



10 CLASS 1 STS 
RECOMMENDATIONS

• A comprehensive multimodality blood conservation program led by a multidisciplinary team of 
health care providers should be part of any patient blood management program to limit 
utilization of blood resources and decrease the risk of bleeding. Class I, Level B-R

• Preoperative identification of high-risk patients should be performed, and all available preoperative and 
perioperative measures of blood conservation should be undertaken in this group as they account for 
the majority of blood products transfused. Class I, Level A

• Routine use of red cell salvage using centrifugation is helpful for blood conservation in cardiac 
operations using CPB. Class I, Level A

• In order to reduce bleeding in patients requiring elective cardiac surgery, ticagrelor should be withdrawn 
preoperatively for a minimum of 3 days, clopidogrel for 5 days, and prasugrel for 7 days. Class I, Level 
B-NR

• Use of synthetic antifibrinolytic agents such as epsilon-aminocaproic acid (EACA) or tranexamic 
acid reduces blood loss and blood transfusion during cardiac procedures and are indicated for 
blood conservation. Class I, Level A

• Antithrombin III concentrates are indicated to reduce plasma transfusion in patients with antithrombin-
mediated heparin resistance immediately before cardiopulmonary bypass. Class I, Level A

• Retrograde autologous priming of the CPB circuit should be used wherever possible. Class I, Level B-R 

• Reduced priming volume in the CPB circuit reduces hemodilution and is indicated for blood 
conservation, Class I, Level B-NR

• In patients undergoing cardiac surgery, a restrictive perioperative allogeneic red blood cell (RBC) 
transfusion strategy is recommended in preference to a liberal transfusion strategy for perioperative 
blood conservation, as it reduces both transfusion rate and units of allogeneic RBCs without increased 
risk for mortality or morbidity. Class I, Level A 

• Goal-directed transfusion algorithms, which incorporate point-of-care testing, such as with 
viscoelastic devices, are recommended to reduce periprocedural bleeding and transfusion in 
cardiac surgical patients. Class I, Level B-R



Patient Blood Management is a 
“Total Care Package"

Pre-operative 
anemia clinic 

and preparation

Careful 
anticoagulant 

evaluation

Care 
Coordination

Virtual Anemia 
Clinic

Retrograde 
Autologous 
Perfusion

Acute 
Normovolemic 
Hemodilution

Micro-circuits
Cell saver and 

modified 
ultrafiltration

Anti-
fibrinolytics (IV 
and topically)

POC VET

Post-operative 
POC testing 
as necessary

Low bleeding 
tolerance

Multidisciplinary 
Blood 

Management Team
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• Treat anemia /iron deficiency

• Stimulate erythropoietin

• Be aware of drug interactions that can 

cause/increase anemia 

• Vigilant monitoring and management of post-

operative bleeding

• Avoid secondary hemorrhage

• Rapid warming - maintain normothermia

(unless hypothermia specifically indicated)

• Autologous blood salvage

• Minimizing iatrogenic blood loss

• Hemostasis/anticoagulation management

• Prophylaxis of upper GI hemorrhage

• Avoid/treat infections promptly

• Be aware of adverse effects of medications

• Optimise tolerance of anaemia

• Treat anaemia

• Maximize oxygen delivery

• Minimize oxygen consumption

• Avoid/treat infections promptly

• Restrictive, evidence-based transfusion 

strategies

• Timing surgery with hematological 

optimization 

• Meticulous hemostasis and surgical 

techniques

• Blood-sparing surgical techniques

• Anesthetic blood conserving strategies

• Autologous blood options

• Pharmacological/haemostatic agents

• Optimize cardiac output

• Optimize ventilation and oxygenation

• Restrictive, evidence-based transfusion 

strategies 

• Screen for anemia

• Identify underlying disorder(s) causing anemia

• Manage underlying disorder(s)

• Refer for further evaluation if necessary

• Treat iron deficiency, anemia of chronic 

disease, iron-restricted erythropoiesis

• Note: anaemia is a contraindication for 

elective surgery

• Assess/optimize patient’s physiological 

reserve and risk factors

• Compare estimated blood loss with patient-

specific tolerable blood loss 

• Formulate patient-specific management plan 

using appropriate blood conservation 

modalities to minimize blood loss, optimize 

red cell mass and manage anemia

• Restrictive, evidence-based transfusion 

strategies 
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Minimize blood loss

& bleeding

Harness & optimize 

tolerance of anemia

Optimize hemopoiesis

• Identify and manage bleeding risk (past/family 

history, current medications, etc)

• Minimize iatrogenic blood loss

• Procedure planning and rehearsal

Modified from Hofmann et al.,

The Oncologist 2011;16(suppl 3):3–1



“PREOPERATIVE TREATMENT OF ANEMIA-PHARMACOLOGIC 

AGENTS

In patients who have (i) preoperative anemia, (ii) refuse blood 

transfusion, (iii) or are deemed high-risk for postoperative 

anemia, it is reasonable to administer preoperative 

erythropoietin stimulating agents (ESA) and iron 

supplementation several days prior to cardiac operations to 

increase red cell mass (Class IIA, Level B-R)”

✓ Preoperative identification of high-risk patients should be 

performed, and all available preoperative and perioperative 

measures of blood conservation should be undertaken in this 

group as they account for the majority of blood products 

transfused. Class I, Level A



All Cardiac Surgical Patients

Non-Anemic

Non-Fe DeficientFe-Deficient 

Anemia 

(IDA)

Non-Fe 

Deficient 

Anemia

Management of Preoperative Iron 
Deficiency in Cardiac Surgery

Corwin HL, Shander A, Spiess B, Munoz M

, Faroni D, Calcaterra D, Welsby I,

Ozawa S, Arnofsky, A Goldweit RS, 

Tibi P,  Ann Thor Surg 2022;113:316-323

Fe Deficient Non-Anemic
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• Be aware of drug interactions that can 
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history, current medications, etc)
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Intraoperative Management

• Blood loss

• Blood destruction (Trauma from CPB)

• Coagulopathic dysfunction (Platelet Destruction and Factor Loss)

• Dilutional Effects



Intraoperative Management

Limit Hemodilution

Reduce prime volume in CPB circuits. 

Minimize crystalloid administration.

Antifibrinolytics

Routine use of tranexamic acid reduces 

bleeding risk.

Cell Salvage

Collect, wash, and return autologous red 

cells.

Advanced Techniques

Modified ultrafiltration and retrograde 

autologous priming (RAP) , ANH, VAC, VET POC 

testing,

.

Meticulous technique

Topical Hemostatic Agents

https://gamma.app/?utm_source=made-with-gamma


Acute Normovolemic Hemodilution (ANH) 
Acute Normovolemic Hemodilution Significantly Reduces RBC Transfusion 
and Lactic Acidosis Following Cardiac Surgery-A Propensity-Matched Study
Vala Sebt 1, Shahnaz Sharifi 2, Alipasha Meysamie 3, Kianoush Saberi 4

Ann Card Anaesth 2025 Apr 1;28(2):136-142. doi: 10.4103/aca.aca_192_24.2025 Apr 16.

A Randomized Trial of Acute Normovolemic
Hemodilution in Cardiac Surgery

Fabrizio Monaco, M.D., Chong Lei, M.D., Ph.D., Matteo Aldo Bonizzoni, M.D., 
Sergey Efremov, M.D., Ph.D., Federica Morselli, M.D., Fabio Guarracino, M.D., 
Giuseppe Giardina, R.N., M.Sc., +48 , for the ANH Study Group
N Engl J Med 2025;393:450-460DOI: 10.1056/NEJMoa250494



Acute Normovolemic Hemodilution in Adult Cardiac 
Surgery
Kenichi A. Tanaka, MD, MSc1; Kenneth E. Stewart, PhD1,2; Kofi B. Vandyck, MD1

et al    
JAMA Surg   Published Online: September 3, 2025
doi: 10.1001/jamasurg.2025.3238

Conclusions and Relevance In this study, a 
volume-dependent association was found 
between ANH and reduced RBC and non-RBC 
transfusion rates in patients undergoing 
cardiac surgery. Despite being safe and cost-
effective, ANH remains underused as a blood 
conservation strategy.

https://jamanetwork.com/searchresults?author=Kenichi+A.+Tanaka&q=Kenichi+A.+Tanaka
https://jamanetwork.com/searchresults?author=Kenneth+E.+Stewart&q=Kenneth+E.+Stewart
https://jamanetwork.com/searchresults?author=Kofi+B.+Vandyck&q=Kofi+B.+Vandyck


The role of acute normovolemic hemodilution and retrograde autologous priming in reducing intraoperative 
packed red blood cell transfusion needs in coronary artery bypass surgery: A randomized controlled trial
Boom et al. https://doi.org/10.1177/02676591251372497 Published online August 26, 2025

Conclusion:The combined use of ANH and RAP significantly reduces intraoperative allogeneic PRBC needs 
compared to RAP alone without affecting postoperative outcomes.

…………????NEJM ARTICLE????

Single center randomized 
controlled trial
72 patients

ANH + RAP group reduction in 
transfusion rate (19.4% vs 
47.2%, p = 0.024) 

intraoperative allogeneic packed 
red blood cell units (0.2 ± 0.4 vs 
0.5 ± 0.6, p = 0.012)

https://doi.org/10.1177/02676591251372497


MODIFIED ULTRA-FILTRATION SYSTEMS

• Discarding platelets, clotting factors and important 
plasma proteins is counter-intuitive

• Maximize the composition of the component 
volume to achieve the best possible post-CPB 
coagulation profile for the patient

 









Surgical Bleeding Challenges 

Suture line bleeding     Diffuse soft tissue     Bone bleeding    Non-cauterizable sites    Management of coagulation     Friable tissue

Mechanical Thermal Pharmacologic
Hemostatic Sealants & Adhesive 

Agents

Digital pressure

Packing

Clamps

Clips

Sutures

Bone wax

Alkaline oxide 

copolymer (e.g. 

Ostene)

Hypothermia

Harmonic scalpel

Electrocautery

Vessel sealants (e.g. 

Ligasure)

Argon beam coagulator

Radiofrequency (e.g. 

Aquamantys

Laser)

Hypotensive anesthesia

Vasoconstrictors

Antifibrinolytics (e.g. 

Aminocaproic acid, TXA)

Recombinant Factor VIIa

Vitamin K

Protamine

PCCs

Idarucizumab

Andexanet alfa

Thrombin – Stand Alone

Combination hemostatic agents

Fibrin sealants

Fibrin patches

Synthetic sealants

Glues/Adhesives



ANTIFIBRINOLYTICS

Use of synthetic antifibrinolytic agents such as epsilon-
aminocaproic acid (EACA) or tranexamic acid reduces blood 
loss and blood transfusion during cardiac procedures and 
are indicated for blood conservation. Class I, Level A



Tranexamic Acid 
ATACAS Investigators

TxA

n=2311

Placebo 

n=2320

P value

1°Outcome (%) 386(16.7) 420(18.1) 0.22

MI 30d (%) 269(11.6) 300(12.9) 0.19

Reoperation (%) 32(1.4) 65(2.8) 0.001

Tot Products (U) 3(2-6) 4(2-8) <0.001

Mech Vent hr 8(5-14) 9(6-16) <0.001

Seizures (%) 15(0.7) 2(0.1) 0.002

31 sites, 7 countries, 2006-2015, n=4631
2x2 factorial design, DB, randomized, CABG
ASA vs placebo; tranexamic acid vs placebo
1°outcome- composite death+thrombotic 30d
TxA 100 mg/kg 1st 1526 patients to 1/2012
TxA50 mg/kg after seizures noted
Groups demographically similar

Myles PS et al: N Engl J Med 
2017;376:136-148



VISCOELASTIC TESTING

Goal directed transfusion algorithms which incorporate point 
of care testing, such as with viscoelastic devices, are 
recommended to reduce periprocedural bleeding and 
transfusion in cardiac surgical patients.   Class I, Level B-R



POC Algorithm vs. Control-
Bleeding Meta-Analysis

Corridor et al: Anaesthesia 
2015;70:715-731



TEG

ROTEM

QUANTRA



TEG Variable Implication Therapy

14<R<21mm ↓Clot factors 1 FFP

21<R<28mm ↓↓Clot factors 2 FFP

R>28mm ↓↓↓Clot factors 4 FFP

MA<48mm ↓Plt number/fx 1 Plt pools

MA<40mm ↓↓Plt number/fx 2 Plt pools

LY30>7.5% Fibrinolysis Aprotinin

Viscoelastic Algorithms



Standardized Treatment Algorithm for Viscoelastic Testing using the Quantra Analyzer
Pierre R. Tibi MD, Jess Thompson MD, Saina Asl-Attaran MD, Elizabeth Black, Jonathan Mazur

Yavapai Regional Medical Center, Prescott AZ*

Journal of Cardiothoracic Surgery (2023) doi.org/10.1186/s13019-023-02245-x
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• Stimulate erythropoietin

• Be aware of drug interactions that can 

cause/increase anemia 

• Vigilant monitoring and management of post-

operative bleeding

• Avoid secondary hemorrhage

• Rapid warming - maintain normothermia

(unless hypothermia specifically indicated)

• Autologous blood salvage

• Minimizing iatrogenic blood loss

• Hemostasis/anticoagulation management

• Prophylaxis of upper GI hemorrhage

• Avoid/treat infections promptly

• Be aware of adverse effects of medications

• Optimise tolerance of anaemia

• Treat anaemia

• Maximize oxygen delivery

• Minimize oxygen consumption

• Avoid/treat infections promptly

• Restrictive, evidence-based transfusion 

strategies

• Timing surgery with hematological 

optimization 

• Meticulous hemostasis and surgical 

techniques

• Blood-sparing surgical techniques

• Anesthetic blood conserving strategies

• Autologous blood options

• Pharmacological/haemostatic agents

• Optimize cardiac output

• Optimize ventilation and oxygenation

• Restrictive, evidence-based transfusion 

strategies 

• Screen for anemia

• Identify underlying disorder(s) causing anemia

• Manage underlying disorder(s)

• Refer for further evaluation if necessary

• Treat iron deficiency, anemia of chronic 

disease, iron-restricted erythropoiesis

• Note: anaemia is a contraindication for 

elective surgery

• Assess/optimize patient’s physiological 

reserve and risk factors

• Compare estimated blood loss with patient-

specific tolerable blood loss 

• Formulate patient-specific management plan 

using appropriate blood conservation 

modalities to minimize blood loss, optimize 

red cell mass and manage anemia

• Restrictive, evidence-based transfusion 

strategies 
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Minimize blood loss

& bleeding

Harness & optimize 

tolerance of anemia

Optimize hemopoiesis

• Identify and manage bleeding risk (past/family 

history, current medications, etc)

• Minimize iatrogenic blood loss

• Procedure planning and rehearsal

Modified from Hofmann et al.,

The Oncologist 2011;16(suppl 3):3–1



Post-operative Management

• Blood Loss due to Bleeding

• Blood loss due to Coagulopathy

• Persistent or new anemia

• How much failure is tolerated and what are the 
ramifications



A comprehensive multimodality blood conservation program led by a 
multidisciplinary team of health care providers should be part of any 
patient blood management program to limit utilization of blood resources 
and decrease the risk of bleeding. Class I, Level B-R

Something more is needed…



















“VIRTUAL” ANEMIA CLINIC



Preoperative Virtual Anemia Center
Elective patients scheduled for Orthopedic Surgery

After PBM communicates 

MD’s treatment plan to patient, 

IVT coordinates appt.w/patient

(EX: EPO/IV Iron protocol 3 wks. prior

to surgery)

PBM Department 
Contacts patient to review benefits of 

correcting anemia prior to surgery 

& coordinates with surgeon for lab panel 

Rx

to fully assess anemia  

Direct patient to  DHYRMC lab for  

appropriate studies of iron, 

transferrin, 

ferritin, retic count etc. (per 

Algorithm) 

PBM to communicate with 

DH YRMC Infusion Center to confirm 

necessary documentation received

to obtain insurance coverage for 

recommended treatment *

*PBM Assistant will ensure 

Infusion Center’s receipt of:

patient’s demographics/face sheet,  

insurance info,

labs (CBC, iron saturation, 

iron level, TIBC and ferritin),

Order 

& MD notes 

(e.g. regarding prior

intolerance of oral iron)

Surgeon prescribes 

appropriate treatment

Explore methods to correct anemia prior 

to 

surgery & determine urgency of surgery

in consult with Ortho surgeon

Coordinate surgery date with surgeon

based on progress/results

Has/Will patient achieve target HGB?

(PBM will maintain record of 

pre and post-treatment Hgb)

Surgeon’s Office
Surgeon reviews patient’s most recent labs to identify 

current or pre-existing anemia (HGB <13) 

If evidence of anemia exists, surgeon has phone consult with 

PBM Department

Evaluation 

for 

Readiness 

Begins with 

Initial 

Consult



Obstacles Yet to Overcome

• Acceptance (Breaking of old habits)

• Knowledge Deficit

• Suspicion of motive for PBM

• “Fear of Omission” or “Failure of Treatment”

• Economical effects

• Dismissal of import

• Insecurity i.e. “I know what I am doing”



Future D irections in PBM

Advanced Technologies

Novel hemostatic agents and artificial oxygen 

carriers will transform practice. 

Nanotechnology enables targeted treatments

Personalized Ap proaches

Genetic profiling will customize transfusion 

strategies. AI algorithms predict individual 

patient needs.

Integrated Pathways

PBM integration with enhanced recovery 

protocols. Seamless data flow optimizes 

decision-making.

https://gamma.app/?utm_source=made-with-gamma


Thank you!

“I don’t usually transfuse”

…But when I do, it is        

necessary and evidence-based

(stay cautious, my friends)


