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Potential Bias in My Talk:
I had a life saving transfusion in 1988







TRANSFUSION, January 2025

15 million
10 million

33%



Blood transfusion targeted at the Overuse Summit. 
  • Blood transfusion is the most commonly 
   performed procedure in US hospitals

  Five most overused procedures:

  1. Blood transfusions 

  2. Heart vessel stents 

  3. Ear tubes (tympanostomy tubes) 

  4. Antibiotics for the common cold (viral upper respiratory infections)

  5. Early scheduled births (early induction) without medical need

Joint Commission Overuse Summit
(October, 2012) 



Blood Management – 
One of the few areas in medicine where 
all three of these can be achieved at the 
same time:

• Reduce Risk
• Save Cost
• Improve Outcomes



Clinical Event Risk / Unit

Johns 
Hopkins

cases/year

United
States 

cases/year

Allergic/Urticaria 1 in 100 600 150,000

RBC Alloimmunization 1 in 100 600 150,000

TACO 1 in 100 600 150,000

TRALI 1 in 5,000 12 3,000

Hemolytic Rxn 1 in 6,000 10 2,500

Wrong Unit Given 1 in 15,000 4 1,000

Hepatitis B 1 in 400,000 0.3 75

Hepatitis C 1 in 2,000,000 0.03 7.5

HIV 1 and HIV 2 1 in 2,000,000 0.03 7.5

Three Categories of Risks / Adverse Effects 
from Blood Transfusion

Common

Not so Rare

Rare

}
}
}



5% less blood products  = $1.4 million cost reduction/year
10% less blood products = $2.8 million cost reduction/year

$/year
To Acquire

Blood
Products 
at JHHS

$28 million total / year
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Randomized Trials: 
– all supporting Hb triggers of 7 or 8 g/dL

 •Hebert PC, et al: NEJM 1999 – Critically ill MICU pts.
 •Lacroix J, et al: NEJM 2007 – Critically ill PICU pts.
 •Villanueva C, et al: NEJM 2013 – Severe GI Bleeding
 •Holst LB, et al: NEJM 2014 – Septic Shock
 •Robertson CS. et al: JAMA 2014 – Traumatic Brain Injury
         •Carson JL, et al:  NEJM 2011 – Elderly orthopedic Surg.
   8    •Hajjar LA, et al: JAMA 2010 – Cardiac surgery pts.
 7.5 •Murphy GJ, et al: NEJM 2015 – Cardiac surgery pts.             - Same
 7.5   •Mazer CD, et al: NEJM 2017 – Cardiac surgery pts.            - Same/Worse (age > 75)
   8   •Kirpalani H, et al: NEJM 2020 – Premat. Neonates   - Same
 7-8 •Franz AR, et al: JAMA 2020 – Premat. Neonates   - Same                  
   8 •Ducrocq G, et al: JAMA 2021 – Acute MI            - Same    
       

Twelve Landmark Randomized Clinical Trials
Supporting Hb Triggers of 7-8 g/dL (Less is More)

Higher
Triggers
(9-10 g/dL)
- Same/Worse
- Same
- Worse
- Same
- Same/Worse
- Same
- Same

7
7
7
7
7
8



LESS IS MORE !

   Until 2024 ?



•Carson JL, et al. NEJM 2024 - Acute MI (MINT)

•Turgeon AF, et al. NEJM 2024 - Traumatic Brain Injury (HEMOTION)

•Taccone FS, et al. JAMA 2024 – Acute TBI, SAH, IPH (TRAIN) 

•English SW, et al. NEJM 2024 – SAH (SAHARA)

7-8

   7

   7

   8

Higher 
Triggers
(9-10 g/dL)

- ? Better

- ? Better

- Better

- Same

Three New Randomized Trials
Supporting Hb Triggers of 9-10 g/dL (More is More?)



2024 Update

Ischemic or injured heart and brain may benefit from 
Hb triggers of 9-10 g/dL as opposed to 7-8 g/dL.

More is More?



Frank SM, et al. Variability in blood and blood component utilization as assessed by an 
anesthesia information management system. Anesthesiology 2012;117:99-106



Frank SM, et al. Variability in blood and blood component utilization as assessed by an 
anesthesia information management system. Anesthesiology 2012;117:99-106
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Public
Display



Surgeon #44 (with permission)

• Just completed his 2000th Whipple

• Difficult operation – pancreatic cancer

• Sent Surgeon #44 an email on 12/25

• Notified him he has the 
 highest Hb in the hospital



Surgeon #44 (with permission)

• Next week in a Whipple case
 “If you hang that blood Steve Frank is gonna be all over our case”

Either:

  A. He must have heard about the bathroom door

  B. He didn’t want to be on the edge of the bell-shaped curve



Surgeon #44 (with permission)
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Johns Hopkins Medicine – Johns Hopkins Hospital
Number and % of 1- vs. ≥2-Unit Orders and by Hb Trigger (All Inpatients) 

Surgery (April 2023)



Perioperative Patient Blood Management
“Right dose, right product, right patient, right time”

1. Preop anemia treatment – 
 A $5 bottle of iron pills beats $500 of blood
 IV iron, EPO as needed – preop and postop
2. Good surgery, less invasive- 
 laparoscopic, robotic, endovascular 
3. Blood Salvage (Cell Salvage) 
 The “Centerpiece” of blood conservation
4. Topical hemostatics and newer cautery devices 
5. Minimize phlebotomy
6. CPOE with clinician decision support
7. Antifibrinolytics (Tranexamic acid, Amicar)
8. Point of care testing (TEG, rapid turnaround)
9. Audits with feedback
10. Education



Case scenarios (Case #1)

65 y/o in the Coronary Care Unit with acute myocardial infarction requiring placement of coronary 
stents in the mid-LAD. Hemoglobin has drifted since admission from 11 down to 8 g/dL and the 
patient has been slightly tachycardic (HR 100) on a norepinephrine infusion to keep his SBP > 100. 
The urine output has been less than 0.5 ml/kg/hr. Troponins remain elevated for 3 days since 
admission.

Would you:

A. Give 1 RBC unit
B. Give 2 RBC units
C. Transfuse until the Hemoglobin is over 10 g/dL
D. It depends



Would you:

A. Give 1 RBC unit
B. Give 2 RBC units
C. Transfuse until the Hemoglobin is over 10 g/dL
D. It depends

The answer here is controversial.

Even though the MINT trial was borderline significant in favor of targeting a 
Hgb level > 10 g/dL (P=0.07) , in this case the benefits of RBCs likely 
outweigh the risks.

Since this patient has intravascular volume depletion, I would most likely 
give her RBCs rather than IV crystalloid because giving a liter of normal 
saline could drop her Hgb concentration even lower (from 8 to 6 g/dL).



Case scenarios (Case #2)

48 y/o in Neuro ICU post bicycle vs car head-on collision (not wearing helmet) w severe head injury 
and high ICP after drainage of a subdural hematoma. Hemoglobin has drifted since admission from 
14 down to 8 g/dL and the patient has a Glasgow score of 6 (out of 3-15). 

Would you:

A. Give 1 RBC unit
B. Transfuse until the Hemoglobin is over 10 g/dL
C. It depends



Would you:

A. Give 1 RBC unit
B. Transfuse until the Hemoglobin is over 10 g/dL
C. It depends

If on pressors, tachycardic, hypotensive and oliguric (signs of decreased 
intravascular volume) then I would definitely transfuse.

This patient has a 27% chance of death and 75% chance of severe disability 
– so I will do anything that has any chance of helping this patient.

I will do what the Neurosurgeon says because they call the shots in my 
hospital, and at the latest Neurosurgery meeting she said they presented 
new studies showing that more blood was better.



“Blood transfusions are good, and bad, 
and sometimes good, and sometimes bad, 
and you can give too many, or not enough” 

— did I get it right??

 Gedge Rosson MD – Johns Hopkins surgeon



Extra
Slides
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Johns Hopkins Center for Bloodless Medicine and Surgery
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Johns Hopkins Patient Blood Management Program  
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     with same or better outcomes
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 Currently Available Intravenous Iron Preparations in the US



The centerpiece of
blood conservation

Frank SM. Transfusion, 2011



Scott AV, et al. Anesth Analg, 2016



Cell Saver RBCs

Fresh RBCs

Stored RBCs

Oxygen Pressure (mmHg)

0        50     100     150    200

%
 O

xy
h

em
o

gl
o

b
in

1.0

0.8

0.6

0.4

0.2

0

Scott AV, et al. Anesth Analg, 2016







0

10

20

30

40

50

60

70

NCCU SICU MICU CSICU WICU

- wasted discard

- blood for lab tests

mLs
day

ICU phlebotomy at Johns Hopkins
Over 1% of blood volume/day (cancels out erythropoiesis)
Cut in half using in-line blood draw system ($9.45 cost)



Adult    Pediatric     Neonatal



Best Practice Advisory triggered on Hb ≥ 7 g/dL



Monthly number of RBC units w/ preceding Hb > 8

54%

14.3%

Change in RBC Utilization for 10 Surgical Services

Zuckerberg GS, et al. TRANSFUSION, 2015
“Efficacy of Education Followed by Computerized Provider Order Entry with Clinician 
Decision Support to Reduce Red Blood Cell Utilization”



41

Bayview Hip and Knee Replacement FY13 – FY15
Tranexamic acid - a “game-changer”

TXA began

73%

In RBC
U/Pt.



> 20,000 pt. RCT
1 gram TXA + 1 gram over 8 hours
9% in death
15% in hemorrhagic death

> 20,000 pt. RCT
1 gram TXA ± 1 more gram 
19%  in death from bleeding
31%  if TXA given early (<3 hrs)

CRASH-2
Lancet, 2011

WOMAN
Lancet, 2017



Transfusion, 2016



Number Of 
Patients Total Units

21 59

12 24

7 22

9 19

11 15

7 14

7 13

6 13

6 10

3 8

2 2

1 2

1 2

1 1

1 1

JHH Orthopedics Dept. – Physician Level Reports by
Hb Trigger (October 2014)

Hb < 7 g/dL

Hb 7-7.9 g/dL

Hb ≥ 8 g/dL

Number of Units



Johns Hopkins Medicine – Johns Hopkins Hospital
Number and % of 1- vs. ≥2-Unit Orders and by Hb Trigger (All Inpatients) 

Surgery (April 2023)



1 unit vs. ≥ 2 unit RBC Orders
All 5 Hopkins Affiliates

July-Dec, 2014
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Screensaver message



Transfusion, Sept., 2016
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$/year

JHHS Cost Savings: FY17 vs. FY14

-$1,771,624
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$2.8 million
or ≈10% decrease



Outcomes at the Extremes of Transfusion

• Bloodless patients who do not accept transfusion
 (extreme blood management)

• Massively transfused patients
 (coolers of blood)



Cost per case – 8.7% lower
w/Bloodless Care

Anesth Analg, 2022



196 Pediatric patients with JW parents





196 Pediatric patients with JW parents



Gastrointestinal Bleeding and Survival 

after a Nadir Hemoglobin < 3.0 g/dL in 

Two Jehovah’s Witness Patients

In press



13 bloodless medicine publications over the past 10 years from our group



0

2,500,000

5,000,000

7,500,000

10,000,000

12,500,000

15,000,000

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

 Net Revenue Var Net Margin

$/year

Johns Hopkins Center for Bloodless Medicine and Surgery
     generating 5.0 M/yr = 6.6-fold ROI
     with same or better outcomes

Yearly
Blood

Acquisition 
Cost

Johns Hopkins Patient Blood Management Program  
     saving $2.9 M/yr = 9.6-fold ROI
     with same or better outcomes

10.9% ($2.9M)

2
7

,1
2

6
,4

9
0

2
6

,3
5

4
,7

6
6

2
6

,2
4

3
,3

8
5

2
4

,9
7

1
,2

1
9

2
3

,9
9

6
,6

5
9

2
4

,9
9

2
,8

9
5

2
2

,8
7

8
,4

4
3

2
2

,1
9

5
,3

3
9

2
4

,1
8

1
,4

3
8

2
4

,2
1

3
,9

6
5

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

3.2% ($0.8M)

“Greater than 7-fold Return on Investment for a Comprehensive Patient Blood Management
Program with Equivalent or Improved Outcomes”



The 50/50 rule

Dose of Blood and Mortality
after Massive Transfusion 

50% mortality after 
50 RBC units

Johnson DJ et al. Anesthesiology, 2015





-  Blood saves lives when 
you need it

- Only increases risks and 
costs when you don’t



The Six “P”s for surgical bleeding

Pressure
Patience
Prayer
Prolene
Plasma
Platelets
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