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Patient Blood Management 

Patient Blood Management (PBM) is an ethical imperative that prioritizes
patient safety and improves outcomes by optimizing the use of blood and blood

products. It involves a patient-centered, evidence-based approach that
encompasses optimizing a patient's own blood volume, minimizing blood loss, 
and enhancing the patient's tolerance of anemia. Ethical considerations in PBM 

revolve around key principles like patient autonomy, beneficence, non-
maleficence, and justice



OVERVIEW 

PBM 

Autonomy 

Beneficence

Non-Maleficence

Justice 



Anaemia



68.36m YLD or 

8.8% of total for 
all conditions 
[globally]

Associated w/
• weakness
• fatigue
• difficulty 

concentrating
• poor work 

productivity
• infection
• heart failure
• preterm labor
• low birth weight
• child and maternal 

mortality



• The impairment that affected the greatest number of people in 
2015 was anaemia, with 2.36 billion (2.35–2.37 billion) 
individuals affected

• The prevalence of iron-deficiency anaemia alone was 1.46 
billion (1.45-1.46 billion).



Kassebaum NJ et al. Blood, 2014;123: 615-24 
Axel Hofmann Beijing 10-2016



Fowler A.J. et al. Br J Surg (2015) 102: 1314

▪ 949’449 patients of 24 studies analyzed 

▪ 39% of patients were anemic (WHO definition)

▪ Anemia was associated with
▪ Perioperative mortality  - OR 2.90 (2.30 – 3.68, p< 0.001)
▪ Acute kidney injury  - OR 3.75 (2.95 – 4.76, p< 0.001)
▪ Infections  - OR 1.93 (1.06 – 1.55, p< 0.01)
▪ Stroke in cardiac surgery - OR 1.28 (1.17 – 3.18, p< 0.01)
▪ RBC transfusion  - OR 5.04 (4.12 – 6.17, p< 0.001)



• Preoperative anemia: 30.4%

• Mild anemia  OR mortality: 1.4 (1.3 – 1.5)

• Mild anemia  OR morbidity : 1.3 (1.3 – 1.4)

• RBC trans.  OR mortality : 2.0 (1.8 – 2.2)

• RBC trans.  OR morbidity : 1.8 (1.7 – 1.9)

Musallam, K.M., et al., Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective 
cohort study. Lancet, 2011.



Effect of Anemia on 
Mortality and Composite Morbidity

Musallam, K.M., et al., Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective cohort 
study. Lancet, 2011.
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Major blood loss associated with increased

• Mortality (3-fold)

• Major morbidity (3-fold)

• ICU and hospital length of stay
• Likelihood of transfusion 

Causes

• On average 75 – 90% local surgical interruption or vessel interruption

• 10–25% acquired or congenital coagulopathy

Shander A. Surgery 2007

Ranucci M et al. Ann Thorac Surg 2013; 96:478

Vivacqua et al Ann Thorac Surg 2011
Christensen et al J Thorac Cardiovasc Surg 2009

Spence et al  Am J Surg 1990
Stokes, M.E., et al BMC Health Serv Res, 2011

Ye, X., et al BMC Health Serv Res, 2013

Alstrom, U., et al Br J Anaesth, 2012



Blood transfusion: most common procedure performed 
during hospitalizations in 2011 (12% of stays with a 
procedure); rate of hospitalizations with blood 
transfusion more than doubled since 1997.

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb165.pdf


Infectious Agents in the Blood Supply

✔HIV, HCV, HBV

✘New infectious agents
✘HBV variants (vl)
✘HEV (vl)
✘Herpes viruses (other than CMV, EBV, HHV-8) (t)

✘HTLV variants (t)
✘Influenza A and B viruses (other than H5N1 (t)

✘Japanese encephalitis virus (t)
✘La Crosse virus (t)
✘Lassa virus (t)

✘Lymphocytic choriomeningitis virus
✘Marburg virus (t)

✘Monkeypox virus (t)
✘Mumps virus (t)
✘Papillomaviruses (t)

✘Polyomaviruses (t)
✘Porcine endogenous retrovirus (t)

✘Porcine parovirus (t)
✘Rhabdovirus (a)
✘SARS coronavirus (t)

✘Tick-borne encephalitis virus complex (vl)
✘Torque teno (TTV/TTLV/SEN-V)

✘Vaccinia virus (t)
✘Variola virus (t)
✘Western equine encephalitis virus (t)

✘XMRV?
✘and what is next ?

✘Prions (vCJD)
✘Dengue (DENV)
✘Babesia species

✘Chikungunya (CHIKV)
✘St Louis encephalitis virus (SLEV)

✘Leishmania species
✘Trypanosoma cruzi
✘Prions (Chronic wasting disease)

✘Human herpesvirus 8 (HHV-8)
✘HIV variants

✘Human parovirus B19
✘Influenza A virus, subtype H5N1
✘Simian foamy virus (SFV)

✘Borrelia burgdorferi
✘Hepatitis A virus

✘Borna disease virus (t)
✘Classical CJD
✘Colorado tick fever virus (vl)

✘Crimean-Congo hemorrhagic fever virus (t)
✘Eastern equine encephalitis virus (t)

✘Ebola virus (t)
✘Enteroviruses (t)
✘Epstein-Barr virus (vl)

✘GB/HG viruses (a)
✘Hantavirus New World (t)

✘Hantavirus Old World (t)

Stramer, SL et al. Emerging infectious disease agents and their potential threat to transfusion safety. Transfusion, 2009. 49 
Suppl 2: p. 15-295                                                                                   

However, pathogens in the blood pool are 
just the tip of the iceberg when looking at 
the problem of adverse transfusion 
outcomes …



“[M]ore patients have died in any one year owing to 
transfusion immunomodulation’s side effects than died
in the entire transfusion transmitted AIDS epidemic”

Blumberg, N. and J.M. Heal, Immunomodulation by blood transfusion: an evolving scientific and clinical challenge.  
Am J Med, 1996. 101(3): p. 299-308. 
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The Multi-Billion Dollar Question:

Does transfusion do what it is intended to do—improve 
outcome or prevent adverse outcomes?

Spiess, B.D., Risks of transfusion: outcome focus. Transfusion, 2004. 44(12 Suppl): p. 4S-14S.

◼ There are few if any articles that support transfusion 
actually improving patient outcomes.

◼ The majority of database papers show associations 
between transfusion utilization and with 
immunosuppression, increased infection, increased 
renal failure, multisystem organ failure, and death.

of ≈150 million allogeneic blood components per year 



Red cell storage lesions



PLASMA
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Zimmerman et al. Anesth Analg 2017. 







Triad of

Independent 

Risk Factors

for

Adverse 
Outcomes

Anemia 

& Iron 

Deficiency

Blood Loss 

&

Bleeding

Transfusion

Induces or 

exacerbates

anemia

Triggers 

transfusion

Associated with re-bleeding

Farmer SL., Towler SC, Leahy MF, Hofmann A. Best Pract Res Clin Anaesthesiol, 2013. 27(1): p. 43-58. 
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MODIFYING THE RISK FACTORS





Results from the 
world’s largest PBM 
study (n=605’046)
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◼ Quality, safety, and effectiveness initiative 
with resource and economic implications. 

◼ Primary aim: improving medical and surgical 
patient outcomes while achieving significant cost 
savings by applying PBM principles

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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Retrospective observational study to assess the impact on 
key outcome measures in all emergency and elective adult 
acute-care multi-day stay inpatients  (n=605,046) admitted 
to the 4 major adult tertiary-care hospitals July 2008 –
June 2014.

Hospitals perform majority of high-complexity procedures 
performed in WA including cardiac, major trauma, burns, 
and obstetrics referral services

Multivariate analysis to control for potential confounders 
and changes in patient case-mix

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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Key program performance indicators

Compared to baseline year, implementation was associated
in year 6 with:

■ 41% reduction in blood product usage (P<0.001) 

■ RBC txn Hb threshold decreased from 7.9 to 7.3 g/dL
(P<0.001)

■ Single-unit RBC txn increased from 33% to 64% (P<0.001)

■ Proportion admitted anemic decreased from 20.8% to 
14.4% (P=0.001)

■ Product acquisition cost savings of AU$18.5M

■ Estimated activity-based cost savings $80 - $100M

■ A one-time investment of $4.5M to cover 5-year change 
management and implementation process.

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  
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Key Patient Outcomes

Leahy MF, Hofmann A, Towler S, et al. Improved outcomes and reduced costs associated with a health-system-wide 
patient blood management program:  a retrospective observational study in four major adult tertiary-care hospitals. Transfusion 2017  

In-hospital mortality: 28%  (95% CI, 0.67 to 0.77; P<0.001)

Length of hospital stay: 15% (95% CI, 0.84 to 0.87; P<0.001)

Infection: 21% (95% CI, 0.73 to 0.86; P<0.001)

AMI/Stroke: 31% (95% CI, 0.58 to 0.82; P<0.001) 

Readmission:     6%  (95% CI, 1.02 to 1.10; P<0.001)

= additional non-valorized cost savings



Spahn DR. Transfusion 2017  



Marking 
the 

paradigm 
shift



Ethical considerations 

Autonomy:

Patients have the right to make informed decisions about their healthcare, including 
whether or not to accept blood transfusions. This necessitates providing patients with 
clear, understandable information about the risks and benefits of transfusion, as well as 
alternative treatment options, to ensure they can make a truly informed choice



Ethical considerations 

Beneficence:

Healthcare providers have a responsibility to act in the best interests 
of their patients. In the context of PBM, this means ensuring that 
transfusions are only administered when medically necessary, 
minimizing risks, and maximizing the benefits



Ethical Considerations

Non-maleficence:

PBM emphasizes the avoidance of harm. Unnecessary or inappropriate transfusions 
carry risks, including transfusion reactions, transmission of infectious diseases, and 
potential immunosuppression. PBM strategies, such as optimizing pre-operative anemia 
management, minimizing blood loss during surgery, and promoting the use of 
alternatives to transfusion, aim to reduce these risks.



Ethical Considerations 

Justice:

This principle ensures that all patients have fair and equitable access to 
appropriate blood management strategies, regardless of their background, 
socioeconomic status, or other factors. Resources should be used efficiently 
and effectively to maximize benefit for all patients in need.
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Cost-Effectiveness Concept
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A huge missed opportunity: 
As a standard of care, managing the patients’ own blood 
rather than resorting to donor blood!

→ PATIENT BLOOD MANAGEMENT



Ethical Dilemmas in PBM 

Blood Shortages:

In situations of episodic blood unavailability, healthcare 
providers may face ethical dilemmas in prioritizing patients 
and determining who receives limited blood supplies.





Ethical Dilemmas in PBM 

Patient vs. Clinical Judgment:

Disagreements may arise between a patient's preference 
for a specific treatment and a clinician's professional 
judgment regarding the best course of action.



Ethical Dilemmas in PBM 

Religious or Belief-Based Refusal:

Some patients may refuse blood transfusions based on 
religious or personal beliefs.Respecting these decisions while 
ensuring patient safety and well-being can be challenging.



PBM as a Standard of Care:

PBM as a Standard of Care:

The World Health Organization (WHO) has called PBM an "ethical imperative" 
and recommended its integration into routine clinical practice. By adopting 
PBM principles, healthcare systems can improve patient outcomes, reduce 
costs, and ensure responsible use of a valuable resource.



WHA63.12 adopted
by resolution May 21, 2010:

„Bearing in mind that patient blood management means that before surgery every 
reasonable measure should be taken to optimize the patient’s own blood volume, to 
minimize the patient’s blood loss and to harness and optimize the patient-specific 
physiological tolerance of anaemia following WHO’s guide for optimal clinical use (three 
pillars of patient blood management)“



Axel Hofmann Beijing 10-2016



Axel Hofmann Beijing 10-2016



Axel Hofmann Beijing 10-2016



THE CHALLENGES THE SOLUTION THE EXPANSION

• Anaemia, blood loss and transfusion are modifiable risk factors for adverse 
outcomes

• PBM addresses these risks:
• Reduced mortality
• Reduced morbidity
• Reduced transfusions, thus leading to improved safety 
• Reduced LOS
• Less cost

• PBM recommended as STANDARD OF CARE by the
WHO, EC/EU, NBA, NHS, ESA, EBA, ACSQHC, SABM, IFPBM, AABB, ARC Blood 
Service and others



CONCLUSION 

In conclusion, PBM is not just a set of clinical guidelines but a framework 
rooted in ethical principles that guide healthcare professionals in 
providing the best possible care for their patients while respecting their 
autonomy and ensuring the responsible use of blood and blood 
products.
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