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 No financial relationship with any commercial interest 

 I understand all the recommendations involving clinical medicine in a 
CME activity must be based on evidence that is accepted within the 
profession of medicine as adequate justifications for their indication 
and contraindications in the care of patients



 Discuss the importance of optimization of oxygen delivery during 
shock

 Discuss critically ill patient populations that would benefit from 
restrictive vs liberal transfusion strategies



 Each organ system in body has different oxygen requirement that must 
be met to maintain normal homeostasis

 Adequate tissue oxygenation is determined by the balance between 
the oxygen delivered and the oxygen required to sustain aerobic 
metabolism



 The most efficient means of generating ATP is through oxidative 
phosphorylation, in which oxygen serves as terminal electron acceptor

 Aerobic metabolism
 36 ATP
 H20

 Anaerobic metabolism 
 2 ATP
 Lactate



 Pathologic condition when oxygen supply becomes the rate-limiting 
step in the generation of energy; a condition of hypoperfusion at a 
cellular level when oxygen delivery (DO2) to the cells is below the 
tissue oxygen consumption (VO2)



 Oxygen content
 CaO2 = (1.34 Hb x SaO2) + (PaO2 x 0.003)
 Hemoglobin
 98% of O2 is carried by Hb
 Capture oxygen in the alveoli, distributing it through the microcirculation, and ultimately 

discharging it in the pericellular environment



 DO2= Q x CaO2
 Q= Cardiac output = HR x SV (preload, afterload, contractility)
 CaO2 = (1.34 Hb x SaO2) + (PaO2 x 0.003)



 Oxygen consumption
 VO2= Q (CaO2-CvO2)
 The amount of oxygen taken up by the cells (VO2) is a function of measuring cardiac 

output and the difference in arterial and venous oxygen consumption



 Oxygen extraction ratio
 O2ER= (VO2/DO2)
 Fractional uptake of oxygen by the tissues from the capillary bed, and thus, reflects 

the tissue’s avidity for oxygen
 25% oxygen delivered is usually extracted



 DO2 exceeds VO2: oxygen 
consumption is independent of 
delivery

 Gradual decrease in delivery is 
associated with increase in O2ER 
and aerobic metabolism 
maintained

 Critical DO2 when oxygen 
consumption becomes supply 
dependent and aerobic 
metabolism fails





 Multifactorial
 Failed erythropoiesis
 Nutritional, metabolic, and hormonal derangements
 Bone marrow impaired function 
 Pathologic (GI or other hemorrhage)
 Iatrogenic (phlebotomy or interventional procedures)



 Transfusion Triggers
 10/30 Rule

 1988 National Institute Consensus Conference for Perioperative Blood 
Transfusion
 No single criterion
 Multiple factor
 Optimize oxygen delivery



 Blood-borne infections

 Acute Immune Hemolytic Reactions

 Transfusion related acute lung injury (TRALI)

 Transfusion-associated circulatory overload (TACO)



 “What would someone have to pay you to get a 
unit of blood that you didn’t need”



 Transfusion based on maximizing delivery of oxygen without 
unnecessary transfusion

 Transfusion based on clinical context

 Transfusion one unit at a time

 Triggers for transfusion

 Minimize phlebotomy



 Restrictive (transfusion at lower Hgb level 7g/dl ; aiming for lower 
target hemoglobin)

 Liberal (transfusing at higher Hgb level 8-10 g/dl ; aiming for higher 
hemoglobin level)



Goal of the study:  To determine whether a restrictive strategy of PRBC 
transfusion and a liberal strategy of PRBC transfusion 
produced equivalent results in critically ill patients.

Method:    838 critically ill patients with Hb concentrations of < 9g/dl
within 72 hours of admission to the ICU

Restrictive transfusion strategy            Liberal transfusion strategy
Transfused only for Hb <7g/dl                Transfused for Hb < 10g/dl

(n = 418)                                                   (n = 420)



Results:

Restrictive transfusion strategy Liberal transfusion strategy P Value

30 day mortality 18.7% 23.3% 0.11

Mortality during 
hospitalization

22.2% 28.1% 0.05

MSOF (> 3 organs) 5.3% 4.3% 0.36

Cardiac events
(1O pulm edema and MI)

13.2% 21.0% < 0.01

ARDS 7.7% 11.4% 0.06

There were no differences in 30 day mortality between treatment groups in the 
subgroup of patients with a primary or secondary diagnosis of cardiac disease.

N Eng J Med 340(6): 409, 1999



Success of Treatment:

The average daily hemoglobin concentrations were 8.5 
+/- 0.7g/dl in the restrictive transfusion group and 10.7 
+/- 0.7g/dl in the liberal-strategy group (p<0.01).

An average of 2.6 +/- 4.1 units of PRBCs per patient was 
administered to the restrictive-strategy group, compared 
with an average of 5.6 +/- 5.3 units per patient in the 
liberal-strategy group (p<0.01).

This equals a relative decrease of 54% in the number 
of transfusions when the lower threshold was used.

N Eng J Med 340(6): 409, 1999



Success of Treatment:

In addition, 33% of patients in the restrictive-strategy 
group did not receive any PRBCs after randomization, 
whereas all patients in the liberal-strategy group 
received at least 1 transfusion of PRBCs (p < 0.01).

A restrictive strategy of red-cell transfusion is at least as 
effective as and possibly superior to a liberal transfusion 
strategy in critically ill patients, with the possible 
exception of patients with acute myocardial infarction 
and unstable angina

N Eng J Med 340(6): 409, 1999



 Symptomatic patient
 Acute bleeding
 Acute coronary syndrome

 Asymptomatic patient
 Cardiovascular disease
 Septic Shock
 GI Bleed
 Surgical patient
 Cardiac Surgery



 Liberal transfusion strategy: transfusion for Hgb <10g/dl
 Symptoms

 Anemia related symptoms
 Myocardial ischemia
 Hypotension
 Tachycardia

 Monitor transfusion related response



 Acute Bleeding
 Hemodynamic parameters
 Degree of bleeding and ability to stop
 Use of transfusion in acutely hemorrhaging patients cannot be based on 

thresholds



 Damage Control Resuscitation
 Permissive Hypotension
 Hemostatic Resuscitation (Massive Transfusion Protocol)
 Hemorrhage Control (Damage Control Surgery)
 1:1:1 plasma:platelet:RBC





 Design—Prospective cohort study documenting the timing of 
transfusions during active resuscitation and patient outcomes. Ten US 
Level 1 trauma centers. 

 Conclusions—Higher plasma and platelet ratios early in resuscitation 
were associated with decreased mortality in patients transfused at 
least three units of blood products during the first 24 hours after 
admission. Among survivors at 24 hours, the subsequent risk of death 
by day 30 was not associated with plasma or platelet ratios.





 DESIGN, SETTING, AND PARTICIPANTS Pragmatic, phase 3, multisite, 
randomized clinical trial of 680 severely injured patients who arrived at 
1 of 12 level I trauma centers in North America directly from the scene 
and were predicted to require massive transfusion between August 
2012 and December 2013.

 INTERVENTIONS:  Blood product ratios of 1:1:1 (338 patients) vs 1:1:2 
(342 patients) during active resuscitation in addition to all local 
standard-of-care interventions (uncontrolled).



 Among patients with severe trauma and major bleeding, early 
administration of plasma, platelets, and red blood cells in a 1:1:1 ratio 
vs 1:1:2 ratio did not result in significant differences in mortality at 24 
hours or 30 days.

 1:1:1 transfusion decreases death from exsanguination at 24 hours, 
achieves more rapid hemostasis, and has no additional complications 





 Methods—Pilot trial in 110 patients with acute coronary syndrome or 
stable angina undergoing cardiac catheterization and a hemoglobin < 
10 g/dL. 
 Liberal one or more units of blood to raise the hemoglobin level ≥ 10 g/dL.
 Patients in the restrictive transfusion strategy were permitted to receive blood 

for symptoms from anemia or for a hemoglobin < 8 g/dL.

 The liberal transfusion strategy was associated with a trend for fewer 
major cardiac events and deaths than a more restrictive strategy.



 Liberal transfusion strategy with trigger  hemoglobin <8 g/dl and to 
consider transfusion between hemoglobin 8 and 10 g/dl

 If ongoing ischemia maintain the hemoglobin > 10g/dl

 In stable, asymptomatic patients post intervention (medical or 
interventional), maintain higher hemoglobin transfusion trigger <8g/dl, 
use clinical judgement based on symptoms and underlying condition





 Transfusion Trigger Trial for Functional Outcomes  in Cardiovascular 
Patients Undergoing Surgical Hip Fracture Repair (FOCUS), compared 
with threshold 10g/dl, a transfusion strategy of 8g/dl after hip fracture 
surgery

 A liberal transfusion strategy (10g/dl), as compared to restrictive 
(8g/dl), did not reduce rates of death or inability to walk 
independently on 60-day follow-up or reduce in-hospital morbidity in 
elderly patients at high cardiovascular risk

 Transfusion trigger 8g/dl, but consideration of transfusion in patient 
between 8-10g/dl based on symptoms and underlying condition





 Transfusion Requirements in Septic Shock (TRISS)
 998 patients with septic shock to restrictive or liberal transfusion 

strategy (transfusion at hgb ≤7g/dl or ≤9g/dl
 90 day mortality, rates of ischemic events, and use of life support were 

similar with less transfusion in restrictive group





 Multicenter trial that randomly assigned 936 patients with acute upper 
GI bleed to restrictive or liberal threshold (8g/dl versus 10g/dl) found 
no significant difference in clinical outcomes; fewer transfusions were 
given in restrictive group

 Lower transfusion trigger in hemodynamically stable patient; without 
unstable coronary disease; and access to rapid endoscopic/surgical 
intervention, restrictive strategy maybe safe





 Transfusion thresholds in cardiac surgery have been evaluated in 
multiple randomized trials.

 2018 meta-analysis that a restrictive transfusion strategy with 
hemoglobin threshold of 7.5 to 8 g/dl in cardiac surgery patients is 
safe, and decreased red cell use by 24%.



 Transfusion triggers
 Hemoglobin level
 Clinical context
 Patient preferences
 Alternative therapies



 Hemoglobin <6 g/dl – Transfusion recommended except in exceptional 
circumstances



 Hemoglobin 6 to 7 g/dl – Transfusion generally indicated



 Hemoglobin 7 to 8 g/dl – transfusion may be appropriate in patients 
undergoing orthopedic  surgery or cardiac surgery, and in those with 
stable cardiovascular disease, after evaluating the patient’s clinical 
status



 Hemoglobin 8 to 10 g/dl – Transfusion generally not indicated, but 
should be considered for some populations (symptomatic anemia, 
ongoing bleeding, acute coronary syndrome with ischemia, and hem-
oncology patient with severe thrombocytopenia who are at risk for 
bleeding)



 Hemoglobin >10 g/dl – Transfusion generally not indicated except in 
exceptional circumstances



 Optimization of oxygen delivery during pathologic state curtails 
anaerobic metabolism

 Restrictive versus liberal blood transfusion is safe for most critically ill 
patients

 Transfusion decision is multi-factorial 



A. 16 y/o s/p skate boarding accident arrives per private vehicle.  Patient 
transported through triage immediately to trauma activation bay.  
Patient is diaphoretic, confused, pallor, with the following vital signs: 
HR:165  BP: 65/40 RR:35 O2Sat’s: 92% RA.  How would you manage 
his transfusion requirements.

a) Type and cross, stat labs, transfuse 2 units of cross matched blood
b) Bolus two liters of crystalloids, type and cross, send stat labs
c) Initiate massive transfusion protocol, emergency release prbc, liquid plasma, 

minimize crystalloids, allow for permissive hypotension until source control
d) Bolus liter crystalloid, bolus 500cc 5% albumin, type and cross, transfuse based 

on response to fluid bolus



 Initiate massive transfusion protocol, emergency release prbc, liquid 
plasma, minimize crystalloids, allow for permissive hypotension until 
source control



 56 y/o woman arrives with acute chest pain to emergency room.  
Patient is complaining of chest pain with ST elevations on EKG, 
elevated troponins.  Patient has stat labs sent with admission 
hemoglobin of 8g/dl.  Patient vitals: HR:110 BP: 176/100 RR: 32 O2 
sats: 96% RA

a) No transfusion 
b) Repeat labs post heart catheterization and transfusion for ≤ 7g/dl
c) Transfuse one unit prbc
d) Start inotropic gtt to optimize cardiac output



 Transfuse one unit prbc



 68 y/o s/p UGI bleed with known history of bleeding ulcer.  Patient 
with failed endoscopy with active bleeding.  Patient has hemoglobin 9 
g/dl, and currently is awaiting interventional radiology.
a) Liberal transfusion strategy to >10 g/dl in an actively bleeding patient 
b) Serial hemoglobin measurements every 6 hours transfuse for Hgb <8 g/dl
c) Await episode of hypotension and tachycardia, and transfuse one unit at that 

time
d) Restrictive transfusion strategy, await for Hgb <7 g/dl



 Liberal transfusion strategy to >10 g/dl in an actively bleeding patient 



 87 y/o s/p fall from standing undergoes hip fracture surgery, she has 
known history of cardiovascular disease.  Postoperative day 1 she has 
the following vital signs HR: 67  BP: 157/85  RR: 22  O2 Sat’s:94% RA.  
Patients Hgb/Hct this morning is 8.5/25.5, what is your next step?
a) Transfuse one unit prbc
b) Serial H/H to monitor anemia over the next 24 hours
c) Hold transfuse, transfuse for hgb <8g/dl and/or any symptoms of anemia 
d) Albumin and Lasix 



 Hold transfuse, transfuse for hgb <8g/dl and/or any symptoms of 
anemia 
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