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Three Pillars of PBM

Shah et al. BJS 2020;107:e26-e38



Practical Criteria for Adoption of Any 
Modality
1. Is it effective? 

2. Is it as safe (or safer) than transfusion alternatives? 

3. Are the costs reasonable? 



Anesthetic blood sparing techniques

• Controlled (permissive) hypotension
• BP maintained at mean of ~ 50–60 mmHg
• Objectives:

• Reducing blood loss
• Improving visibility in surgical field

• Multiple ways of achieving target BP:
• Anesthetic depth, vasodilators, beta-blockers, fluid restriction

• Supporting data is weak and primarily from small, low-quality, outdated 
studies

• Safety not adequately assessed



Anesthetic blood sparing techniques

• Hypotension is associated 
with adverse outcomes

• Actively maintaining a low 
BP therefore doesn’t seem 
wise!

Gregory et al. Anesth Analg 2021;132:1654-1665



Neuraxial Anesthesia (Epidural/Spinal)

• Mechanism:
• Sympathetic blockade      → reduces arterial pressure 

→ reduces venous pressure
→ reduces surgical stress

→ stabilizes clotting factors
→ reduces fibrinolysis

• Evidence is conflicting:
• Older, lower quality evidence positive
• Newer, higher quality evidence negative



Acute normovolemic hemodilution

• Removal of 3-4 units of blood before surgery and simultaneous 
replacement with crystalloids or colloids

• Theoretical example: 
• if Hct = 0.40 and EBL = 1L → RBC Loss = 400 cc
• if Hct = 0.25 and EBL = 1L → RBC Loss = 250 cc
• RBC conserved = 150 cc or ∼ 2/3 of a unit of PRBC

• Supporting data is weak and primarily from small, low-quality, 
outdated studies

• Safety not adequately assessed



Do Anesthetic Blood Sparing Techniques 
Meet Adoption Criteria?
1. Is it effective? Not sure

2. Is it as safe (or safer) than transfusion alternatives? Don’t know

3. Are the costs reasonable? Yes

• My recommendations:  
• Do not use for blood sparing effects
• Use as indicated to improve visibility in field of surgery (e.g., ENT)

• ↓ length of surgery + surgical control of bleeding = ↓ blood loss



Cell Salvage



Cell Salvage

• Proven safety with modern machines
• Risks: Hemolysis, air embolism, incomplete washing, infections
• Washing removes: >90% viable RBCs, >90% washout; >95% Free Hb and 

albumin; goal is 55-80% Hct
• Safer than allogeneic blood

• Lower AE rates (0.027% versus 0.14%); Better quality (fresh versus old blood)

•  Indications
• High anticipated blood loss:  

• > 500-1000 mL; 10-20% of BV; 1-2 units of recovered RBC
• Anemia, antibodies or rare blood types, JW

• Benefits
• Reduce RBC exposure 

• On average, ↓0.7 units; ↑avoidance ~40%; More effective when massive bleeding

Ashworth et al. BJA 2010;105:401-416; Miquel et al. Surgeries 2022;3:44-63



Cell Salvage – Other Consideration:

• Only RBCs, so can cause dilutional coagulopathy
• Bacterial contamination risk

• Washing removes >80% of bacteria; Leukocyte depletion filter (LDF) removes >99%
• Transfuse collected blood within 6 hours

• Limit transfusions to no more than 15 unit equivalents
• Units contain some activated WBCs, platelets, clotting and inflammatory factors

• In Cancer surgery
• Reinfused tumour cells do not have metastatic potential
• Not contraindicated, but general recommendation not established
• LDF reduces tumour load, but slows infusion rates, becomes saturated and can cause 

bradykinin-mediated hypotension

• PPH
• Contamination by bacteria, amniotic fluid, fetal red cells (isoimmunization)
• Also not cost-effective

Ashworth et al. BJA 2010;105:401-416; Miquel et al. Surgeries 2022;3:44-63



Does Cell Salvage Meet Adoption Criteria?

1. Is it effective? Yes

2. Is it as safe (or safer) than transfusion alternatives? Yes

3. Are the costs reasonable? Yes

• My recommendations: 
• Use for blood sparing effects in high-blood-loss surgeries



Pharmacologic Agents

• Antifibrinolytics: Tranexamic acid
• Desmopressin (DDVP)
• Prothrombin complex concentrate (PCC); 3-factor vs. 4-factor
• Fibrinogen concentrate
• rFVIIa



Tranexamic Acid

• An old (>50 years) drug and on WHO list of essential medicines
• Almost all usage in Canada is still off-label

• “Increased local fibrinolysis when the diagnosis is indicative of hyperfibrinolysis, as with 
conization of the cervix, dental extraction in patients with coagulopathies (in conjunction 
with antihaemophilic factor) epistaxis, hyphaema, and menorrhagia (hypermenorrhea).”

• Mechanism of action: Clot stabilizer

Patel et al. Anesth Analg 2022;135:460-73



Tranexamic Acid: General Considerations

• Hyperfibrinolysis is a contributing factor to bleeding
• Importance varies based on patient-related and surgery-related factors

• Overall safety well established, but does have risks
• Contraindications: Allergy, Hypercoagulable state, Seizure
• Renally excreted and not dialyzable – dose adjustment needed 
• Seizure risk
• Avoid in patients with recent thromboembolic events and cirrhosis?

• Dosage not fully clarified
• Recommendations are based on specific clinical studies that did not fully 

consider pharmacokinetic properties of the drug 

Patel et al. Anesth Analg 2022;135:460-73



Tranexamic Acid Dosage

• Pharmacokinetics: 
• Therapeutic plasma concentration is ≈10 mg/L 
• 80% inhibition requires plasma concentration of 20 mg/L
• 100% inhibition requires plasma concentration of 100 mg/L

• 10 mg/kg IV (≈1g) → 10 mg/L in plasma (5-6 hours)
• Good for most situations

• 10 mg/kg IV + 1 mg/kg/hr → 30 mg/L in plasma
• Good for higher-risk situations

• Specific doses used:
• CV surgery: 20-100 mg/kg (current recommendations are for the lower range)
• Trauma: 1 gm bolus; 1 gm infusion over 8 hours   

Patel et al. Anesth Analg 2022;135:460-73; McCormack Drugs 2012;72:585-617  



CRASH-2 Collaborators Lancet 2010;376:23-32

Landmark Trauma Study

• N = 20,211
• Dose: 1g bolus + 1g infusion over 8 hours
• Primary outcome: 28-day in-hospital all-cause mortality



CRASH-2 Collaborators Lancet 2010;376:23-32

Trauma



New Trauma Study

• Patients with severe injuries, at high risk for coagulopathy, care in 
advanced trauma systems

PATCH/ANZICS Groups NEJM 2023;389:127-136



Primary Outcome

PATCH/ANZICS Groups NEJM 2023;389:127-136



Secondary Outcomes

PATCH/ANZICS Groups NEJM 2023;389:127-136



Safety 

PATCH/ANZICS Groups NEJM 2023;389:127-136



Cardiac Surgery – High vs Low Dose

• N=3031
• High-dose ≈100 mg/kg vs Low-dose ≈ 20 mg/kg

Shi et al. JAMA 2022;328:336-347



Cardiac Surgery – High vs Low Dose

Shi et al. JAMA 2022;328:336-347



Non-Cardiac Surgery

• N=9535
• Non-cardiac surgery at-risk for bleeding but excluding neurosurgery 

or cases where physicians were planning on using tranexamic acid
• Dose: 1 g at start and 1g at end of surgery

Devereaux et al. NEJM 2022;386:1986-97



Non-Cardiac Surgery

Devereaux et al. NEJM 2022;386:1986-97



Non-Cardiac Surgery

Devereaux et al. NEJM 2022;386:1986-97



Non-Cardiac Surgery

Devereaux et al. NEJM 2022;386:1986-97

3.6% vs 2.9% (P <0.05)

Hemorrhagic Stroke + PE                26 (0.5)                17 (0.4)



Non-Cardiac Surgery

Devereaux et al. NEJM 2022;386:1986-97

3.6% vs 2.9% (P <0.05)

Hemorrhagic Stroke + PE                26 (0.5)                17 (0.4)

Seizure n = 10 (0.2) versus 3 (0.1) 



GI Bleed

• N = 12,009
• Dose: 1 g + 3g/24 hours
• Primary outcome: 5-day bleeding mortality

HALT-IT Trial Collaborators Lancet 2020;395:1927-1936



GI Bleed

Outcome TXA
N=5994

Placebo
N=6015

RR (95% CI)

Death due to 
bleeding within 5 d

3.7% 3.8% 0.99 (0.82-1.18)

Arterial TE (MI/CVA) 0.7% 0.8% 0.92 (0.60-1.39)

Venous TE
Seizures

0.8%
0.6%

0.4%
0.4%

1.85 (1.15-2.98)
1.73 (1.03-2.93)

Transfusion 68.5% 69.1% 0.99 (0.97-1.02)

HALT-IT Trial Collaborators Lancet 2020;395:1927-1936



Does Tranexamic Acid Meet Adoption 
Criteria?
1. Is it effective? Yes

2. Is it as safe (or safer) than transfusion alternatives? Yes

3. Are the costs reasonable? Yes

• My recommendations: 
• Use for blood sparing effects prophylactically where indicated (e.g., cardiac 

surgery, orthopedic surgery) and selectively in high-blood-loss surgeries



Restrictive Transfusion Threshold

• Landmark study:

• Euvolemic, non-bleeding patients with Hb ≤ 90 g/L within 72 hours of 
admission to ICU

• Restrictive strategy: RBC if Hb < 70 g/L, to maintain at 70 - 90 g/L
• Liberal strategy: RBC if Hb <100 g/L, to maintain at 100 - 120 g/L

• Results:
• 54% reduction in transfusions
• No difference in adverse outcomes

Hebert et al. NEJM 1999;340:409-417
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The MINT Study

• Liberal (<100 g/L) vs. restrictive (<70-80 g/L) transfusion strategy in 
patients with acute MI

Carson et al. NEJM 2023;389:2446-2456



Results

Carson et al. NEJM 2023;389:2446-2456



Results

Carson et al. NEJM 2023;389:2446-2456



Considerations

• Primary outcome was not statistically significant
• Outcome assessors not blinded; Cardiac death not adjudicated
• No adjustment for multiple comparisons
• About 35% received RBC transfusions before randomization
• Imbalance in protocol discontinuation

• Restrictive: 46/1749 patients (3%)
• n=24 for clinical reasons, including surgery and bleeding

• Liberal: 241/1755 patients (14%)
• N=89 for clinical reasons, including adverse effects, fluid overload
• N=121 due to patient or provider preference
• N=31 for other reasons, including blood supply shortages



Interpretation

• MINT is a negative study 
• >30 negative studies showing that a restrictive transfusion strategy does 

not increase risk of adverse outcomes in studied groups
• Generalizability is limited to studied groups

• Bleeding or symptomatic patients are typically excluded
• Acute infarct can be considered a symptom of severe anemia and should be treated

• Many surgical patients need higher hemoglobin levels because of:
• Bleeding or coagulopathy
• Unstable or dynamic fluid status

• Critically ill with limited organ reserve

• Transfusion decision more complicated than just measuring Hb level
• Adopting a liberal transfusion strategy would preclude us from using 

what’s arguably the most effective blood conservation strategy  



Does Restrictive RBC Transfusion Strategy 
Meet Adoption Criteria?
1. Is it effective? Yes

2. Is it as safe (or safer) than transfusion alternatives? Yes

3. Are the costs reasonable? Yes

• My Recommendations: 
• Use during surgery as long as there are no clinical indications for higher 

hemoglobin levels (i.e., do not change practice because of MINT study)



Karkouti et al. Circulation 2016;134:1152-1162

POC-Guided, Targeted Hemostatic Therapy

• N = 7402
• 3555 control
• 3847 intervention



Results

Outcome Relative Risk Reduction
RBC 0.91 (0.85 – 0.98); P = 0.02; NNT = 24.7
Platelet 0.77 (0.68 – 0.87); P < 0.001; NNT = 16.7
Plasma NC
Cryoprecipitate NC
Major Bleeding 0.83 (0.72 – 0.94); P = 0.004; NNT = 22.6
Adverse Outcomes NC
Processes of Care NC

Karkouti et al. Circulation 2016;134:1152-1162



Does POC-Guided, Targeted Hemostatic 
Therapy Meet Adoption Criteria?
1. Is it effective? Yes

2. Is it as safe (or safer) than transfusion alternatives? Yes

3. Are the costs reasonable? Yes

• My Recommendations: 
• Use in bleeding patients in favour of ratio-based transfusion management



Hameed et al. JAMA 2022;327:578-579

Summary

• Recent PBM Update:



Thank you
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