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Disclosures

• Inventor – Sanguine, data visualization tool
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Patient Blood Management (PBM)

• A patient-centered, systematic, evidence-
based approach to improve patient outcomes 
by managing and preserving the patient’s own 
blood, while promoting patient safety and 
empowerment.
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Shander et al. Anesth Analg. 2022.
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Patient Blood Management (PBM)
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by managing and preserving the patient’s own 
blood, while promoting patient safety and 
empowerment.
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• Perioperative anemia management
• Antifibrinolytic agents
• Recycling of shed blood
• Avoid unnecessary (optimize) transfusions
• Improves outcomes and saves money

Shander et al. Anesth Analg. 2022.
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Patient Blood Management (PBM) – 
Why do we care?

• Improves outcomes

•Blood transfusion = most common 
procedure1

• Top 5 most overused2

•PBM standard of care3

1. HCUP Survey
2. Joint Commission Overuse Summit 
3. Shander et al. Anesth Analg. 2016.

Value = Quality / Cost
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Improvement Initiatives in Patient 
Blood Management (PBM)
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Implemented Project 
Examples

• Transfusion guidelines and best practice alert 
(BPA)

» Cost savings = $430,000/year

• Data-driven surgical blood ordering 
» Cost savings (2017 vs 2022) = >$1,311,612/year

• Reducing unnecessary type & screens in OB
» Cost savings = $181,000/year

• Removing unnecessary product 
modifications

» $60,000/year

• Total cost savings: $1,982,612M/year
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The Cost of a Transfusion

•Acquisition cost (e.g. ~$250/RBC unit)

• Total activity-based cost (e.g. ~$1000/RBC 
unit)

• If all hemodynamically stable inpatients 
treated with restrictive transfusion strategy 
→ significant cost savings and many 
thousands of complications avoided

Shander et al. Transfusion. 2010. RBC = red blood cell
9
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Clinical Decision Support for Transfusion 
Decisions
• Randomized trials, Cochrane reviews, and guidelines

» Generally support restrictive RBC transfusion strategy

• A variety of individuals make transfusion decisions
• How to support them within their workflows? – 

smooth/efficient/effective
• Clinical decision support (CDS) 

» Systematic reviews suggest effective
» Mostly before and after study designs

• Should these be standard of care? 

10

Carson et al. Cochrane Database Syst Rev. 
2021.
Hibbs et al. Transfus Med Rev. 2015.
Soril et al. BMJ Open. 2018.
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CDS Design
• Features: computer-based, 

recommendations, timing, in normal 
workflow

» In general, less is more
• We implemented two alerts:

» Hemoglobin threshold
» Single unit policy

•  Single unit policy alert initially 
unsuccessful:

» Default action settings influence 
end user behavior

» <1% → 35% effective

11

Kawamoto et al. BMJ. 2005.
Metcalf et al. Transfusion. 2021.
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30% effective

<1% effective
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Best Practice Advisory/CDS Results

• Pre-intervention: 4/2018 to 3/2019

• Post-intervention: 4/2019 to 3/2020

• Systemwide 11% reduction in RBCs 
transfused

•Acquisition cost savings ~$430k/year

13
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How to make alerts more intelligent?

Blood Product Order Transfusion Indication 
Selected (Required)

Test Result to Cause 
CDS Alert to Fire

RBCs

Severe acute bleeding NA
Hb < 7g/dL Hb > 7g/dL

Hb < 7.5g/dL CT surgery Hb > 7.5g/dL
Hb < 8g/dL ACS Hb > 8g/dL

Other Hb > 7g/dL

Platelets

Severe acute bleeding NA
PLT < 10k stable patient PLT > 10k
PLT < 20k consumption PLT > 20k

PLT < 50k 
preprocedure/bleeding

PLT > 50k

Bleeding on anti-PLT med NA
Other (provide details) PLT > 10k

ACS = acute coronary syndrome
14
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Carson et al. JAMA. 2023
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Summary of Major RBC Threshold Trials
Trial Population Participants (n) Thresholds 

(hemoglobin)

Primary outcome

TRICC Critical care 838 7 g/dL vs 10 g/dL 30d mortality 18.7% vs 

23.3%, P=0.11

FOCUS Hip fracture 2016 8 g/dL vs 10 g/dL Death or inability to walk 

across room at 60d, 

35.2% vs 34.7%, P=0.9

Villanueva et al. Upper GI 

Hemorrhage

921 7 g/dL vs 9 g/dL Mortality at 45d, 5% vs 

9% P=0.02

TRISS Septic Shock 998 7 g/dL vs 9 g/dL 90d mortality, 43% vs 

45% P=0.44

TITRE2 Post-cardiac 

surgery

2003 7.5 g/dL vs 9 g/dL Infection or ischemic 

event in 3mo, 35.1% vs 

33.0% P=0.3

TRICS-III Cardiac surgery 4860 7.5 g/dL vs 8.5 or 9.5 

g/dL

Composite, 11.4% vs 

12.5% P<0.001 for 

noninferiority
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Carson et al. JAMA. 2023
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Carson et al. JAMA. 2023
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Carson et al. JAMA. 2023
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MINT Trial

23

• Population
• Myocardial infarction (MI)
• N=3504

• Intervention & Comparison
• RBC transfusion: 

restrictive (Hgb<7-8g/dL) 
vs liberal (Hgb<10g/dL) 
transfusion strategy

• Outcome
• Death or MI at 30d
• Risk ratio 1.15 (95%CI 

0.99-1.34)
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Note: 14% of subjects in the 
liberal arm were not 
transfused liberally due to 
clinical discretion (e.g. risk 
of transfusion associated 
circulatory overload, TACO).

Carson et al. N Engl J Med. 2023.
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Carson et al. N Engl J Med. 2023.
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LiberalRestrictive

Carson et al. N Engl J Med. 2023.
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Novel Data Science Approaches in 
Transfusion Medicine
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Artificial intelligence (AI) discourse is 
everywhere

• AI: technologies for functions associated with human 
intelligence
• Machine Learning (ML): use data to improve with 

experience
• AI/ML will continue to impact everyday life

» More data and computing power
» Better algorithms

• Expanding role in Transfusion Medicine (TM)

28
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AI/ML in TM: numerous potential use cases

• Predict transfusions

• Personalized transfusion 
indications

• In silico clinical trials

• Predict bleeding

• Predict laboratory values

• Predict/identify adverse events

• Tasks requiring TM knowledge

• Personalized blood component 
selection

• Augment supply chain or hospital 
blood bank operations
• Transportation efficiency
• Inventory optimization
• Document management 

efficiency
• Quality control tasks

29



Private Information
30

Hybrid ML 
Model:

Training dataset: 2410 patients
Test dataset: 437 patients

Question: Can we predict 
transfusion needs in 
Cardiothoracic Surgery using 
preoperative variables?
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Predicting RBC Transfusions in Cardiothoracic Surgery

31

Wang et al. Sci Rep. 2022.

All patients (test + 
training datasets) 0 units transfused 1-3 units 

transfused
4+ units 

transfused

Number of cases 2847 (100%) 1962 (69%) 712 (25%) 173 (6%)

RBC transfusions 
(mean) 1.26 0 1.62 6.34

Most common 
procedure CABGa CABGa CABGa Ascending aortic 

dissection

aCABG = coronary artery bypass graft
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Wang et al. Sci Rep. 2022.

All patients (test + 
training datasets) 0 units transfused 1-3 units 

transfused
4+ units 

transfused

Number of cases 2847 (100%) 1962 (69%) 712 (25%) 173 (6%)

RBC transfusions 
(mean) 1.26 0 1.62 6.34
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membrane 

oxygenation (ECMO)
Thoracoabdominal 

aneurysm repair
Blood gas, barometric 

pressure

Blood gas, potassium

Ionized calcium

Hemoglobin

Respiratory 
ventilation >96 hours

Model 0-3 units transfused 4+ units transfused
Gaussian Process 
Regression 0.985b 56.941b

Gaussian Process 
Classification 0.826c and 0.766d

aCABG = coronary artery bypass graft

broot mean square error
cArea Under Receiver Operator Curve (AUROC)
dF1 score

Predicting RBC Transfusions in Cardiothoracic Surgery
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Question: Can we predict massive transfusion 
during surgery in “real time”?

34

Lee et al. JAMA Open. 2022.

Development 
dataset (n=12,535)

Internal validation 
(n=5451)

External validation 
(n=494)

Massive transfusion 310 (2.5%) 106 (1.9%) 11 (2.2%)
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Lee et al. JAMA Open. 2022.

Development 
dataset (n=12,535)

Internal validation 
(n=5451)

External validation 
(n=494)

Massive transfusion 310 (2.5%) 106 (1.9%) 11 (2.2%)

Internal validation External validation
Preoperative Model 
(Gradient Boosting) 0.824a and 0.193b -

Real-time Model 
(Preoperative variables 
and area under arterial 
waveform each cardiac 
beat, hematocrit, O2 sat, 
ST segment elevation)

0.972a and 0.571b 0.943a

aArea Under Receiver Operator Curve (AUROC)
bArea Under Precision Recall Curve (AUPRC)
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21622 patients with invasive monitoring

17986 study population
• 416 massively transfused
• 17570 controls

12535 training set, 2016-2018 
• 5451 test set, 2019 (internal validation)
• 494 external validation

3636 excluded
• 14 cadaver organ donation
• 500 extremely low body weight
• 204 pediatric
• 732 surgery duration<20min
• 1671 non-massive transfusion
• 157 missing data

Lee et al. JAMA Open. 2022.
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•National Surgical Quality Improvement Program 
(NSQIP) and local databases

•At fixed 96% sensitivity, type & screen recommended:
» Gradient boosting: 30-36% 

» Control (procedure specific transfusion rate): 45-57%

37

Lou et al. Anesthesiology. 2022.

Question: can we predict the need for 
preoperative type & screen?
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Foundation Models – example use cases

• Transfusion Medicine knowledge-based tasks

38

Hurley et al. Transfusion. 2023.

RBC Transfusion Indications, 
AUROC BEST Testa

Bard 0.65 55%
GPT 3.5b 0.90 40%
GPT 4b 0.92 87%

a: BEST = Biomedical Excellence for Safer Transfusion
b: Generative Pre-trained Transformer 
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A transformative future?

•Chatbots making diagnoses and treatment 
recommendations? 

» Great potential

» Also concerns

39

Haug et al. N Engl J Med. 2023.
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AI/ML: Current gaps, challenges, and 
considerations
• Methodology: TRIPOD reporting guideline, 

PROBAST risk of bias tool
» Handling of missing values, validation, sample 

size, etc
• Class imbalance – infrequent outcomes
• Biases in datasets
• Local data vs multicenter, data governance
• Implementation gap

» Where do the data reside? Accessible? 
• Proving benefit

40

Metcalf et al. Vox Sang. 2018.
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Can transfusion medicine take a leading 
role in responsible use of AI?

• Quality and innovation:
» Opposing forces or synergistic partners?

• Co-evolution: quality/safety and data-driven innovations 
• Quality management systems (QMS) approach

» Development, implementation, monitoring, improvement, optimization
» Will rapid acceleration in evolution of AI automate/embed some QMS 

principles?

41
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Putting the horse before the cart

• AI/ML relies on data from the past 
» Could predictions perpetuate suboptimal practices? 

• How are we really doing currently with respect to practice quality?

42
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Going beyond Optimal Blood Use (“OBU”)

Sanguine: Advanced Data 
Visualization for Patient Blood 
Management (PBM)

43
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Risk Adjusted Benchmarking and 
Hierarchical Levels
• Lab value thresholds: useful, but 

have limitations
• Complex bleeding patients 

» Evaluate overall patient blood 
management (PBM) practice

• Valid question: what if my 
patients are sicker? 

» Risk adjusted benchmarking 
using billing code weights

44

All 
patients

Admissions with 
Surgery

Admissions
Without Surgery

Dept 1 Dept 2 Dept N Dept 1 Dept 2 Dept N

Physician 1 Physician 2 Physician N

Metcalf et al. Transfusion. 2019.
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Application & next steps

45

• Data visualization: graphical 
representations of data to facilitate 
understanding and insights into the 
data

• Sanguine : novel tool with rapid, 
flexible data visualizations in 
relevant PBM contexts, all tied to 
patient outcomes

Lin* and Metcalf* et al. Info Vis. 2021.
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Creativity Workshop 
• End user stakeholders (participants): CT surgery, CT 

anesthesiology, IT decision support
• Facilitators: Visualization expert*, PBM expert
• Three hour session

» Opening/background, tool demo (20min)
» Current workflow (30min)
» Wishful thinking (50min)
» Visualization analogies (30min)
» Barrier removal (40min)
» Reflection and next steps (10min)

What would you like to know?
What would you like to do?
What would you like to see?

vdl.sci.utah.edu/CVOWorkshops*Scientific Computing and Imaging (SCI) Institute: sci.utah.edu

46

http://vdl.sci.utah.edu/CVOWorkshops/
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Sanguine : Selected Use Cases

• Preoperative anemia management
• Transfusion appropriateness
• Antifibrinolytic agents
• Cell salvage
• “Patients like mine*” 

» Learn from prior patients that are similar to your upcoming 
patient

• General quality
• Financial impact

47

*Gombar et al. Digital Medicine. 2019.
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Sanguine Demo
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Sanguine : status and next steps

• Focused, local deployment
• Ongoing iterative refinement
• Creating simpler hooks to engage all 

stakeholders
» Audit and feedback

• External collaborations

49
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Summary and Future Directions

• AI/ML 
» Dizzying potential
» Overcoming methodologic and implementation gaps: 

▪ QMS approach?

• Advanced data visualization
» Novel insights into practice as quality application and “patients like 

mine”
» Advanced multicenter benchmarking

50
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