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OVERVIEW
• What is PBM and why in the ICU?  
• Treating numbers vs. patients
• Prevalence of anemia in ICU
• Consequences of anemia, transfusions
• Anemia causes (Etiology in critically ill patients)
• “New” concept of iatrogenic anemia (SpHb)
• Applying PBM in the ICU



The mission of Choosing Wisely is to promote conversations 
between clinicians and patients by helping patients choose
care that is:
• Supported by evidence
• Not duplicative of other tests or procedures already 

received
• Free from harm
• Truly necessary

2012



SABM DEFINITION OF PBM
“The timely application of evidence based medical and 

surgical concepts designed to manage anemia, optimize 
hemostasis, and minimize blood loss in order to improve 

patient outcomes.”

Patient focused – Medical 
condition (disease) focused



PATIENT BLOOD MANAGEMENT
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PREVALENCE OF ANEMIA IN THE CRITICALLY ILL
• Sakr et al reported anemia in the ICU - 18.7% had Hb <7 g/dL and 

29.5% had 7-9 g/dL1

• Cardenas-Turanzas et al reported an incidence of 46.6% and 
prevalence of 68% of anemia in cancer patients admitted to ICU2

• Thomas et al reported that 98 of 100 consecutive patients admitted 
to ICU were anemic3

• Anemia was associated with increased risk of allogeneic blood 
transfusion1

• Higher Hb level was independently associated with lower risk of in-
hospital death1

1. Sakr Y et al. Crit Care 2010 
2. Cardenas-Turanzas M etal. J Crit Care 2010
3. 3. Thomas J et al. Heart Lung 2010



1. World Health Organization. Geneva, Switzerland; 2001. 
2. Dallman PR, et al. In: Iron Nutrition in Health and Disease London, 
UK: John Libbey& Co; 1996:65-74.
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WHO DEFINITION OF ANEMIA VS 
Hb DISTRIBUTION IN GENERAL POPULATION



• N = 46 healthy male endurance athletes
• Red cell volume (2,282±283 mL) did not correlate with either hct (0.42±0.02) 

or hb conc (14.2±0.8, P>0.05, resp.)
• RCV was predictable from body surface area (P<0.01)
• A similar accuracy was unobtainable using any potential predictor for plasma or 

blood volume, hct or hb concentration
• RCV showed high intra-individual stability when measured again after 4 weeks, 

whereas plasma volume oscillated in both directions by up to 22%

Hemoglobin is a concentration measure – meaningless alone
Blood Transfus. 2012
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RED CELL MASS VS. HEMOGLOBIN 
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Goodnough LT et.al. Lancet 2013





SpHb

PVI



RELATIONSHIP OF PVI AND SpHb

PVI

SpHb

RBC Transfusion Bleeding 

Shander A. with permission

Dilution Concentration 



BLEEDING IN SURGERY



POST-SURGICAL: CARDIAC ICU

Case Example



RED BLOOD CELL TRANSFUSION IN 
ADULT TRAUMA AND CRITICAL CARE 
• Recommendations Regarding RBC Transfusion in Patients With Neurologic 

Injury and Diseases 
Level 1 

§ There are insufficient data to support level I recommendations on this topic. 
Level 2 

§ There is no benefit of a “liberal” transfusion strategy (transfusion when Hb < 10 g/dL) in 
patients with moderate to severe traumatic brain injury. 

Level 3 
§ Decisions regarding blood transfusion in patients with subarachnoid hemorrhage must 

be assessed individually because optimal transfusion triggers are not known and 
there is no clear evidence that blood transfusion is associated with improved outcome. 

✔

CCM 2009 and J. Trauma 2009

✔

✔



Isr J Health Policy Res. 2017

Overall 
average 
knowledge
score: 47.8



2019 Shander A et.al.



TRISS Trial



PRIMARY AND SECONDARY OUTCOME MEASURES

Holst LB et al. N Engl J Med. 2014 



GENE TRANSFER

Blood 1999;93:3127

Quantitative allele-specific PCR



GENE TRANSFER WITH TRANSFUSION 



A&A epub 2019

Retrospective study with 4 time propensity scoring

8,238 Records analyzed
3,301 No transfusion
4,937 Any component

RBC- 2,165
Plasma – 2233
Platelets - 1043



TRANSFUSION AS THERAPY
Blood Shield Laws

• Blood is “unavoidably unsafe”
• Blood is “inherently dangerous”

Zuck TF Arch Pathol Lab Med 1990;114:309-315



J Thorac Cardiovasc Surg. 2018

N = 33,411 patients (median patient age, 65 years; interquartile range [IQR], 
57-72 years; 26% females) were evaluated





MAZER VS. MURPHY
• Looking beyond txn as the 

“only treatment option”

o What is the medical 
condition to diagnose here?

o Are we managing that 
medical condition properly? 

Murphy et al. NEJM  2015



The best transfusion strategy and the optimal dosing for packed red 
blood cells are still missing in most indications. Sufficiently 
powered, prospective, randomized, controlled clinical transfusion 
trials for packed red blood cells in most clinical settings are 
urgently needed to reduce ill-founded clinical decisions and to 
base transfusion strategies on clinical evidence and scientific 
study results. 

2018

Risk? What about benefit?



PREVALENCE OF IRON DEFICIENCY ANEMIA
• Walsh TS et al. - 35% of patients have red cell indices 

consistent with functional iron deficiency at ICU admission1

• Lasocki S et al. Iron deficiency may affect up to 40% of 
critically ill patients 2

• Rodriguez RM et. al. 9% of ICU patients were iron 
deficient, 2% B12 deficient, and 2% folic acid deficient3

1. Walsh TS. Br J Anaesth. 2006
2. Lasocki S. Anesthesiology, 2011
3. Rodriguez RM . J Crit Care. 2001



• The prevalence of ID was approximately 10% on ICU 

discharge

• The prevalence of ID increased to 35% at 6 months

• A quarter of the critically ill patients were still anemic at 6 

months

• ID was associated with increased fatigue 1 month after ICU 

discharge, independently of low Hb levels
Crit Care. 2014 



Chandra et al. Critical Care 2017

7.4 total global pop 
>2 Billion

ANEMIA PREVALENCE





• Anemia is highly prevalent in the critically ill
• It is associated with higher health care resource use
• Associated with poor patient outcomes
• Further research should delineate risks, benefits, and 

effectiveness of various management strategies in specific 
patient populations rather than transfusion triggers

Am J Respir Crit Care Med. 2012 



Smoller BR, et al. N Engl J Med. 1986;314:1233-1235
Corwin HL, et al. Chest. 1995;108:767-771.
von Ahsen N, et al. Crit Care Med. 1999;27:2630-2639.
Corwin HL, et al. Crit Care Med. 2000;28:3098-3099.

ETIOLOGY OF ANEMIA IN THE CRITICALLY ILL
• Diagnostic phlebotomy (~ 750-900 mL/ICU stay)

• Range 40-80 mL/day

• Accounts for 20% of total blood loss

• Occult and overt bleeding: wounds, drains & GI tract

• Anemia due to underproduction*
• Blunted erythropoietin response to low Hct

• Cytokines (IL-1b, TNF-a) inhibit erythropoietin gene

• Inflammatory processes in the ICU - Hepcidin

• Altered iron metabolism

• Impaired proliferation and differentiation of erythroid progenitors

• Hemodilution?



“THERE IS NO REMEDY IN THE WORLD WHICH 
WORKS AS MANY MIRACLES AS BLEEDING.”

Guy Patin 1645



PHLEBOTOMY IN ICU AND NON ICU PATIENTS

• 50 ward patients, 50 all or part of hospitalization in ICU

• Ward - samples 1.1/day, mean 12.4 ml/day, 175 ml
• ICU - samples 3.4/day, mean 41.5 ml/day, 762 ml

• If had a-line more blood draws and more blood drawn

• 56% ICU patients transfused vs 16% Ward patients

• 50% of transfused had phlebotomy > 180 ml

Smoller & Kruskall NEJM 1986



PHLEBOTOMY

• “In today’s medicine blood letting continues … 
unabated. We have refined the technique, call it ‘lab 
work‘ jab the patient incessantly, generate reams of 
questionable data ...”

Rosenzweig Arch Intern Med 1978



UNNECESSARY LAB TESTS
• Information theory to identify redundancy in common lab tests

Lee & Maslov Int BMC Med Informatics Decision Making  2015



REDUCING PHLEBOTOMY
• Strategy

o Low volume blood tubes
o Standardization of blood collection from central lines
o POC glucose testing

• Average daily blood loss reduction per ICU patient of 10 
ml

• Reduction of RBC transfusion of 15%

Coene et al J Thromb Haemost 2015



• Current collection methods and the small amounts of blood or serum 
required by modern laboratory analyzers:
o Each 25 million liter of patients' blood is thrown into waste containers

• 4 times more than the total volume of blood that is transfused each year
• Patients develop ‘HAA' due to blood collection

o Associated with an adverse outcome
• Collection methods - adapted to the much smaller volumes required by 

new generation laboratory analyzers 
o Especially for hematology or oncology patients, critically ill patients, 

or children
J Thromb Haemost. 2014



LAB Hb: INTERMITTENT & DELAYED RESULTS  
TRANSFUSION DECISIONS MADE IN REAL TIME



SpHb



A&A 2016

SpHb and Bleeding: An example



Accurate to 1 cm Accurate to 1 meter

Only reads every 8 hours Reads continuously

Which one is preferred?
Accuracy over reliability? 



J Clin Monit Comput 2017





PHLEBOTOMY TEST TUBES

Ranasinghe T.et al. Br J Haematol. 2013 



CLINICAL STRATEGIES TREATING ANEMIA
• Early identification & treatment of anemia before reaching a “Transfusion 

Threshold (TRIGGER)”
• Avoid daily blood draws unless absolutely needed
• Use of other treatments before allogeneic blood

o ESA
• Nutritional supplements

• Iron and possible hepcidin antagonists
• Folic Acid
• B12

• Bleeding and BM failure, directed therapy





THE FREQUENCY AND VOLUME OF DIAGNOSTIC 
BLOOD SAMPLES BEFORE (RIGHT) AND AFTER 
(LEFT) THE IMPLEMENTATION OF PBM

Meybohm P et al. J Cardiothorac Vasc
Anesth. 2019 



2017



Anesth Analg. 2019

40 patients received the first FC, 32 patients received the second FC, and 20 
patients received the third FC (total of 750 mL).



Ann Surg. 2019



We have sincere concerns that the organizers of the 
conference (i.e. blood establishment) might (should) not be in 
the best position to publish recommendations for the use of 
their "products" free of conflicts of interest. 



SUMMARY
• Why PBM in the ICU?  
• Prevalence of anemia in ICU
• Consequences of anemia
• Anemia causes (Etiology in critically ill patients)
• “New” concept of iatrogenic anemia 
• Hemoglobin: Treating numbers vs. patients
• Hemoglobin monitoring
• The long-debated issue of accuracy
• Incorporating SpHb as part of PBM in the ICU



FOR MORE INFORMATION, 
GO TO: SABM.ORG

59

http://www.sabm.org/

