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 What is patient blood management (PBM) 

 Why patient blood management? 

 When and where should it be implemented? 

 



What is Patient Blood Management (PBM)? 

 Timely application of evidence-

based medical and surgical 

concepts designed to maintain 

hemoglobin concentration, 

optimize hemostasis and minimize 

blood loss in an effort to improve 

patient outcome 

 

 Patient-focused, evidence-based 
and systematic approach to 
optimize the management of 
patient and transfusion of blood 
products for quality and effective 
patient care 

 Designed to improve patient 
outcomes through the safe and 
rational use of blood and blood 
products and by minimizing 
unnecessary exposure to blood 
products 

Society for the Advancement of 
Blood Management (SABM) 

World Health Organization (WHO) 



 Perioperative anemia is common 

 11-76% of preoperative patients and up to 90% of 
postoperative patients are anemic 

 Perioperative anemia is bad 

 associated with adverse outcomes including mortality, 
AKI and infection 

 Perioperative anemia leads to allogeneic RBC 
transfusion 

 Perioperative allogeneic RBC transfusion is 
associated with adverse outcomes including 
mortality 

Beris 2008; Carson 1996; Meybohm & Zacharowski 2011; Freedman et al 2008; Bernard et al 2009; Fowler et al 2015 

 



Smilowitz et al 2016 

 

 Association Between Anemia, Bleeding and Transfusion 

with Long-term Mortality Following Non-cardiac Surgery 

 3050 patients undergoing Ortho Sx: 17.6% anemic, 1% had 

bleeding, 25% got at least 1 RBC 

 

 



Fowler et al 2015 
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LaPar et al 2018  

33,411 patients 

undergoing primary, 

isolated CABG between 

January 2007 and 

December 2017 at 19 

cardiac surgery centers in 

U.S. 
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 Retrospective cohort study of hospital administrative data 

 1,583,819 adults in 346 U.S. hospitals 

 who underwent non-cardiac, non-intracranial, non-vascular surgery 

and who required a stay of at least one night in hospital  

 41,421 (2.6%) patients received at least one unit of RBC 

within 48 hours of surgery 

 8,044 (0.51%) experienced the composite outcome of 

stroke/myocardial infarction 

 Hierarchical logistic regression adjusted for comorbidities and 

demographics with random effects by hospital: transfusion of 

as little as one unit was associated with an OR 2.33 (95% CI 

1.90 to 2.86) for perioperative stroke/myocardial infarction 

Whitlock et al 2015 



Rohde et al 2014 
 

18 trials (7593 patients) 

Among hospitalized 

patients, a restrictive 

RBC transfusion 

strategy was 

associated with a 

reduced risk of health 

care-associated 

infection vs. a liberal 

transfusion strategy.  

Implementing restrictive 

strategies may have 

the potential to lower 

the incidence of health 

care-associated 

infection 



Carson et al 2016 



Activity-based costs of RBC transfusion 

 

Shander et al 2010; Spradrow et al 2016 

To sum up: 

•Unchanged or inferior 

patient outcomes 

•Increased health care 

system expenditures 

•Pressure on blood 

donor collection 

facilities and risk of 

blood shortage 

•Iron deficiency in 

blood donors 



1. Diagnosis and treatment of anemia 

2. Appropriate use of blood components (ex. Restrictive 
RBC transfusion triggers) 

3. Reduction in unnecessary phlebotomy 

4. Minimally invasive surgery and good surgical technique 

5. Autotransfusion, cell salvage 

6. Management of coagulopathy 

 Timely discontinuation and/or reversal of anticoagulant or 
antiplatelet drugs, etc. 

Use of hemostatic agents (ex. Anti-fibrinolytic agents) 

7. Many, many others… 



Goodnough and Shander 2007; Spahn and Goodnough 2013 

 “Blood management is most successful 

when multidisciplinary proactive 

programs are in place so that these 

strategies can be individualized to 

specific patients” 

 

 “Patient-centered” 

Communication (risks, benefits, 

preferences, and values) 



Transfusion Volume 57, Issue 6, pages 1347-1358, 2 FEB 2017 DOI: 10.1111/trf.14006 

http://onlinelibrary.wiley.com/doi/10.1111/trf.14006/full#trf14006-fig-0002 
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Leahy et al 2017 

 Retrospective study: 605,046 patients in 4 major adult 

tertiary-care hospitals 2008-2014, Western Australia 

 Results 

 Units of RBC, FFP, and platelets per admission decreased 41% (p<0.001), 

a saving of US$18,078,258 and US$78 million to US$97 million in 

estimated activity-based savings 

 Mean pre-transfusion Hgb decreased from 7.9 g/dL to 7.3 g/dL (p < 0.001); 

single-unit RBC transfusions increased from 33.3% to 63.7% (p < 0.001).  

 Anemic elective surgery admissions decreased from 20.8% to 14.4% 

(p = 0.001).  

 Risk-adjusted reductions in hospital mortality (odds ratio [OR], 0.72; 95% 

confidence interval [CI], 0.67-0.77; p < 0.001), length of stay (incidence 

rate ratio, 0.85; 95% CI, 0.84-0.87; p < 0.001), hospital-acquired 

infections (OR, 0.79; 95% CI, 0.73-0.86; p < 0.001), and acute 

myocardial infarction-stroke (OR, 0.69; 95% CI, 0.58-0.82; p < 0.001).  



 General population 
 30% of the world’s population is anemic 

 30-50% is due to iron deficiency 

 Hospitalized patients 
 11-76% of preoperative patients and up to 90% of postoperative 

patients are anemic 

 45% of general medical inpatients are anemic 

 ICU 

 The majority of patients (86%) are anemic on ICU admission 
By day 8, 97% are anemic, and by day 13, 100% are anemic 

 100% of ICU patients are anemic at discharge, 80% at Day 28 
and 25% at 6 months post discharge 

 Incidence of anemia increases within processes of care 

 

Kassebaum et al 2014; Beris et al 2008; Lin et al 2013; Thomas et al 2010; Lasocki et al 2014 



 Associated with fatigue, decreased cognitive 

function, poor work productivity and poor 

quality of life 

 Economic burden (reduced work productivity, 

increased social and healthcare expenditures) 

Worldwide anemia causes 68.36 (95% 

uncertainty interval [UI], 40.98 to 107.54) million 

years lived with disability which accounts for 8.8% 

of the total for all conditions in 2010 [95% UI, 

6.3% to 11.7%]). 

Kassebaum et al 2014 



Cleland et al 2016; Sharma et al 2016; Zilinski et al 2014;  

Juarez-Cedillo et al 2014; Penninx et al 2006 

 

 Risk factor for adverse outcomes 

 In young children, iron deficiency anemia may have 
irreversible effects on cognitive and motor 
development 

 In pregnant women, anemia may lead to pre-term 
delivery, low birth weight, child and maternal mortality 

 In elderly, anemia is a risk factor for frailty and 
multidimensional loss of function, and is associated 
with falls, increased mortality and hospitalization 

 Anemia is associated with worse outcomes in many 
disease states (heart failure, COPD, etc.) and 
perioperatively 

 



 “Regarding her normocytic anemia (Hb 96g/L), 

it appears primarily to be ACI with a likely 

element of iron deficiency; however, her 

anemia does not need to be corrected 

preoperatively.  It  is within safe limits”  

 “I understand that she has severe iron 

deficiency anemia (Hb 77g/L) but this surgery 

is associated with a minimal blood loss” 



 Does patient have anemia? 

 Is anemia due to a known underlying disease? 

 If no, investigate for causes 

 Can anemia be treated? 

 consider risks & benefits 

 Should anemia be treated? 

 The answer is almost always yes 

 Imperative 

 Impending surgery, active bleeding, symptoms 



Guinn et al 2015 

 



 

 
 Guralnik et al. Blood 2004;104:2263-8 

1/3 

1/3 

1/3 
(MDS 6%) 

MDS = Myelodysplastic syndrome 



Most common nutritional deficiency 

Women: 8-42% 

 Pregnant women: 18-56% 

Orthopedic surgery: anemia 15-20% with 1/3 IDA 

Cardiac surgery: 37% with iron deficiency 

Colorectal cancer surgery: 38% with microcytic 

anemia (presumed IDA) 

 ICU patients: 26% are iron deficient on admission 

 

Shander and Spahn 2010; Piednoir 2011; Acher 2003; Litton et al 2015  

 



 Blood transfusion has become a routine medical 

response despite cheaper and safer alternatives 

in some settings.  

 Preoperative patients with iron deficiency and 

patients with chronic iron deficiency without 

hemodynamic instability (even with low Hb levels) 

should be given oral and/or intravenous (IV) iron. 

AABB Choosing Wisely 2014 

 



 Cons 

 For stable, well patients 

 Poorly absorbed (other 
medications, infection, 
inflammation) and poorly 
tolerated (adherence is an 
issue!) 

 Need time to see effect; 
not suitable for severe 
anemia, active bleeding, 
impending surgery 

 Pros 

 Cheap and widely available 

 

 Cons 

 Contraindication: acute 
infection 

 Challenges: expense, 
availability, administration 

 Risk of anaphylaxis 

 Pros 

 May be given to ill patients 

 No concerns about 
absorption 

 Fast response 

 

Oral Intravenous 



ONTraC data, c/o Dr. J. Freedman 



Litton et al 2013 

• Systematic review and meta-

analysis of RCTs 

• 22 studies (3321 participants) 

• IV iron was associated with a 

significant reduction in RBC 

transfusion risk 

• Risk ratio 0.74 (95% CI 

0.62 to 0.88), without 

significant heterogeneity 

(I2=9%, P=0.3) 

• Especially when used with 

ESAs or in patients with a 

lower baseline plasma 

ferritin concentration 



Kei et al (in press) 



 Mechanism of action 

 Decreases plasmin formation and fibrinolysis 

 Cheap and widely available 

 Can be given intravenously, orally, or topically 

 Metabolism minimal and excretion via urine (>95% unchanged) 

 Half-life: 2-11h 

 Favourable side effect profile 

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjTwdHJjO3YAhWi2YMKHdJkDcUQjRwIBw&url=https://www.recallguide.org/drug/tranexamic-acid/&psig=AOvVaw2LuwU-bdQqWrxfKLAdvIjW&ust=1516762944750899


Ker et al 2012; Henry et al 2011 

 Systematic review by Ker et al 

 129 trials, 10,488 patients 

 TXA reduced probability of receiving a blood transfusion by 

a third (risk ratio 0.62, 95% confidence interval 0.58 to 

0.65; P<0.001).  

 Cumulative meta-analysis: reliable evidence that TXA reduces 

the need for transfusion has been available for over 10 years! 

 Effect of TXA on MI (0.68, 0.43 to 1.09; P = 0.11), stroke 

(1.14, 0.65 to 2.00; P = 0.65), DVT (0.86, 0.53 to 1.39; P = 

0.54), and PE (0.61, 0.25 to 1.47; P=0.27) uncertain 

 Fewer deaths occurred in the TXA group (0.61, 0.38 to 

0.98; P = 0.04) 







Baker, Pavenski et al 2015 



Pavenski, Ward et al 2018 

 TXA use increased from 32.3% to 92.2%, while transfusion 
rates decreased from 10.3% to 4.8% (p < 0.001) 

 Postoperative Day 3 Hb increased from 95.8 to 101.4 g/L (p< 
0.001) 

 Logistic regression demonstrated reduced transfusion in 
post-protocol subgroups regardless of sex, anemia, or BMI (p 
<0.001) 

 No increase in adverse events was observed (p = 0.8451). 

 

 Conclusion: Universal TXA was associated with a reduction of 
RBC transfusion overall and in clinically relevant subgroups, 
strengthening the rationale for universal therapy 



 Restrictive RBC Transfusion Triggers and Single 
Unit Transfusions 
 Don’t transfuse more units of blood than absolutely 

necessary 

 A restrictive threshold (7.0-8.0g/dL) should be used for the 

vast majority of hospitalized, stable patients without evidence 

of inadequate tissue oxygenation (evidence supports a 

threshold of 8.0g/dL in patients with existing cardiovascular 

disease). Transfusion decisions should be influenced by 

symptoms and hemoglobin (Hb) concentration.  

 Single unit red blood cell (RBC) transfusions should be the 

standard for nonbleeding hospitalized patients. Additional units 

should only be prescribed after reassessment of the patient 

and their Hb value 
AABB Choosing Wisely 2014 

 



Carson et al 2016 



Hovaguimian and Myles Anesthesiology 2016 



The most pronounced decline 

in RBC transfusion incidence in 

patients with a nadir Hgb 

between 8 and 9 g/dL 

(n=76,392) 

 

Not associated with 

differences in 30-day 

mortality rates when 

comparing transfused vs. non-

transfused patients 

Roubinian et al 2014 



Based on experience from RCTs: 

 

• Single unit red blood cell (RBC) 

transfusions should be the 

standard for non-bleeding 

hospitalized patients 

• Additional units should only be 

prescribed after reassessment of 

the patients and their 

hemoglobin value 



 The mean volume of blood phlebotomized during 

a hospitalization on a GIM ward is 74.6 mL. 

 After adjusting for other factors, every 100 mL of 

phlebotomy associated with decrease in Hgb of 7 g/L  

 Average daily blood sampling volume in ICU is 

40-50mL 
 May contribute to up to 20% of the total blood loss during 

an ICU stay leading to anemia 

 After one week in the ICU, equivalent to the volume of one 

unit of RBC 

Thavendiranathan et al  2005; Riessen et al 2015 



 17,676 non-anemic patients admitted with AMI 

 Hospital acquired anemia (HAA) occurred in 57.5% of patients 

 Moderate-severe HAA (20.1% of patients) was independently 

associated with worse mortality 

 While more phlebotomy blood loss occurred on the first 2 days of 

hospitalization, significant phlebotomy blood loss occurred each 

subsequent day of hospitalization, likely due to “routine, scheduled 

laboratory draws” 

 Significant variability in the incidence of HAA across 57 U.S. hospitals 

studied 

 

 To sum up: Unnecessary phlebotomy leads to patient anemia (and 

transfusions), unnecessary healthcare expenditures and patient 

discomfort 

 Salisbury et al 2011; Salisbury et al 2014  



 Don’t perform serial blood counts on 

clinically stable patients 

 Blood counts should only be obtained on 

hospitalized patients when there is reason to 

believe that a new clinically significant 

abnormality will be detected. For stable patients, 

serial blood counts are unlikely to detect clinically 

significant abnormalities but can contribute to 

iatrogenic anemia. 

AABB Choosing Wisely 2014 

 



 In Canada, transfusion is deemed to be free while 
PBM costs money to the hospital or patient 

 Perceived (and actual) difficulty in pursuing 
transfusion alternatives 

 Lack of organizational commitment/buy-in 

 Lack of interdisciplinary commitment 

 Lack of knowledge of alternatives 

 Lack of champions 

 Lack of resources 

 Lack of time 

 Complacency 

Based on Meybohm et al 2016 



 PBM reduces transfusion needs, morbidity and 

mortality, length of hospital stay and costs 

 PBM = patient safety 

 Get involved. Start by 

 Treating anemia in your patient 

Not causing anemia in your patient 

Not ordering an unnecessary transfusion 

 



Nature April 2 2015 


