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Where PBM Meets Healthcare IT - Today & Tomorrow

Patient Blood Management,,, Al review via word cloud
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SNUH Health System NOwW  snuH MEDICAL NETWORK in KOREA

Number of Beds

4,129 Beds

Number of Outpatients / Inpatients

9,083,432 /1,232,775

Research Funds

USD 183million
(KRW 242billion)

Number of Employees

16,635

BUSAN
GYEONGGI-DO * A

Main hospital + 2 General hospitals, Health screening center,

Specialized rehabilitation hospital, and SKSH at UAE




The Advancement of Hospital Information Systems

SNUH is pioneer in the development of hospital information systems in Korea.

EMR Private
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[HIS] Bestcare 2.0

« By ezCaretech (SNUH), Fully integrated system, PACS is the only separated system.

Patient management Patient Reservation Patient account

National Insurance

Outdoor Prescript ADT
EDI (Admit, Discharge,
(Electronic Data Transfer)
Interchange)

Pathology

Clinical
Support

Laboratories

Pharmacy

ERP EMR
(Enterprise Resouree: (Electronic
Planning) Medical Record) CDSS

CPOE

Records

: EIS CDW Device Interface
(Executive Information (Data
System) Warehouse)
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Payment Mx.




[Infra] SNUH Private Cloud

- Established and operated by SNUH with MEGAZONE (Korea's largest cloud service provider)

- There is no main server room in the hospital _
= Allinfrastructure elements

(server network, storage, and

Computing resources) are
|

virtualized and controlled by
23km from SNUH Softwa re.

Operating systems(HIS, PACS,

and so on) are serviced on the
virtualized servers.

e S B B, | ECOMECHD e 0pEr
sSDDC

Hartiwara Infrastructure systems through two dedicated

lines(Active-Active)




[Research HIS] HIS-FHIR Architecture

« HL7 Standard FHIR (Fast Healthcare Interoperability Resource) based System
» Provides Digital Healthcare APPs through SMART on FHIR

HIS / CDW FHIR Server

V Google Fit

AVL iHealth

» ® - lanboneUP
= a MM MISFIT

) openeR @ vows

f% 5 e
Qmj runkeeper

ORACLE ® withings
VERTICA ///A FHIR

(Fast Healthcare Interoperability Resource)



"HL7 FHIR
D i Fui
FHIR(Fast Healthcare Interoperability Resources) H L7 F H I R

* A method of sharing and systematizing independent medical datasets

« Divides medical information into a unit called “resource”, which can also be comprised of multiple resources

example) 1 patient resource, 2 encounter resources, 2 diagnostic report resources, 1 medication resource

« FHIR is applicable to various scenarios that arise in actual medical practice. It can be used in various situations,
including in mobile app, cloud communication and Personal Health Records (PHR)

Benefits of FHIR:

AN
1) Can be easily understood by developers B2 [[D D
2) High scalability due to its flexible structure NN u
3) Compatible with huge number of data types SIS =
4) Guarantees interoperability with existing EMR systems —
Medical Records FHIR Repository Moniter

(EMR)
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| Plans For Developing Standardization Module

for Integrating Global Standards

Plans to create an universal standardization module based on PBM guidelines

Develop standardized data model to store different medical institution's PBM related data on the centralized DB

Medical concept standardization will heavily rely on SNOMED CT*, while data structure will refer to HL7 FHIR*

SNOMEDCT

The global
language of
healthcare

D w7 R

 Standardized data model for improving
interoperability of medical data.

* Global medical concept standard that
was adopted in Korea in 2020.

* Pros: Minimizes confusion between Highly scalable.

doctors. Enables PBM system to be

: L : Pros: Can easily adjust PBM data structure
aligned with international standards

=» Creates national PBM system that is highly flexible

12 * SNOMED CT: Systematized Nomenclature of Medicine — Clinical Terms
** HL7 FHIR: Health Level 7 Fast Healthcare Interoperability Resources

LOINC

* The universal standard for
identifying health
measurements, observations,
and documents

* From 1994
* Regenstrief Institute

* Non-profit research
organization in Indianapolis

« U.S. National Library of
Medicine (NLM) accounts for
about 2/3 of funding




Topic 1: Hospital Information System in Korea

Key Message is...

If you want merging HIS data with PBM related data,
appropriate HIS and standardization preparation

must be preceded. SNOMED CT, HL7 FHIR, LOINC

systems are essential.
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Topic 2

Experience of
Precision Medicine Platform
and

Application Plan for PBM




Personalized and Precision Medicine

Advances in genomics and machine learning will facilitate personalized blood management strategies,

tailoring interventions to each patient's unique genetic makeup, risk profile, and clinical condition.

This approach could minimize the need for blood transfusions and optimize the use of alternatives based

on individualized patient data.

TRADITIONAL MEDICINE vs. PRECISION MEDICINE

Traditionally, radiation, chemotherapy, and surgery were the only means by which doctors could treat cancer.
With precision medicine, doctors use a patient’s genes to uncover clues for treating the disease.

RADIATION R — GENETICS
+ High-energy particles + Gene sequencing
damage or destroy / + Locate cancer:

cancer cells / S { 3:_‘ 5 _ causing genes
CHEMOTHERAPY / 4 = { S IMMUNOTHERAPY
» Chemicals attack  / a £
/

« |dentify ways to
cancer customize treatment

[
|

SURGERY | ) . - « Find ways to turn

+ Operate on part ( [ ‘ | immune system on
Sifathﬁobs%dgrtt?eat \ / | ) + Personalize treatment
cangcer : with immune-activating

Advanced ‘  drugs
Personalized TARGETED THERAPIES

Treatment \ . * Drugs turn specific
; genes on or off
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——r— Biomarker Overview

Gene(s) CDK11A
Protein Alteration Details
HGVS Protein Change NP_001778.2:pH112R
Transcript Alteration Details
HGVS Transcript Change NM_001787:cA335G
Genomic Alteration Details
Allelic State Hemizygous

Allele Frequency Information

SPECIMENID ACCESSIONID  ALLELE FREQUENCY CFDNA FREQUENCY

0018169 0.059000000000000004
Interpretation

None provided

Comment

None provided

Molecular
Tumor Board

Molecular Tumor Board

Case CASE-45326279 Female, 55

@ for Molecular Tumor Board

at Momorial Hospital Molecular Tumor Board

# Comments

@) Diagnosis

Diagnosis date Primary Tumor Site

110ct 2016,5:00 pm Skin of upper limb and
shoulder

€D caseNarrative

No case narrative prov

Histological Diagnosis
Malignant melanoma, NOS

iy 2y
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Outcome by Overall Survival

How is this calculated?
‘Time on treatment is defined as the time between Date of Diagnosis and End of Treatment.
This chart shows patients who received treatment as the first therapy after genomic profiing.
View details
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Need of Precision Medicine in Transfusion Decisions

Limitations of Hemoglobin as a Transfusion Trigger, One-Size-Fits-All Issue

e Genetic and nongenetic factors contribute to the heterogeneity of donated

blood products, storage quality, and transfusion efficacy.

e Clinical factors (e.g., comorbidities, genetics) impact transfusion needs

e Current guidelines may overlook these factors, leading to imprecision medicine

* Fixed protocols may be suboptimal or hazardous for some patients

v’ Further understanding of genetic factors will improve blood storage practices
and transfusion efficacy.




Genetic Factors in Blood Storage

» Omics markers of storage quality and transfusion performances—including hemolysis, post-
transfusion recovery, and hemoglobin increments, can be linked to storage quality,
including hemolytic propensity. Monitoring of donor “omics” through high-throughput approaches
can bring about new personalized transfusion medicine strategies, matching donors, products,
and recipients.

» Emerging Molecular Mechanisms

e Polymorphisms like G6PD deficiency impact: Redox Newly Identified Mechanisms
e Polymorphisms in hemoglobin-related genes (e.g., beta-thalassemia minor, sickle cell trait)
e Potential impacts of blood groups and Rh status on RBC quality under investigation




Precision Medicine Knowledge Bank with PBM, Future

- Comprehensive and curated resource that provides data related to precision medicine.

- Aims to facilitate the translation of genomic and molecular data into actionable insights for
personalized patient care

> Next step is merging PM platform with PBM module.
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Topic 2: Experience of Precision Medicine Platform and
Application Plan for PBM

Key Message is...

If the genomic precision medicine platform, primarily used for cancer and

various omics changes following the administration of blood and blood-
related products.

If these results could be tailored to individual patients through a precision

rare diseases, were to be introduced to PBM, it would be possible to identify

medicine platform, it would be a significant benefit for improvement of PBM.

21




Topic 3

PBM Implementation

In Hospital Information System

Examples of Seoul National University Hospital
Presented as poster in NATA 2025, Munchen

22




| Developing EMR Standardization Module for PBM

To develop a standardization module that sends and receives PBM related information

from each institution’s hospital information system (HIS) for nationwide PBM

Standardization module m olf‘lrtlzf,f:gt;g: em Integrafion witl_1 HIS and
development development pilot testing
= Create data models aligned with EMR = Develop KPI and statistic = Integrate the standardization
suzneles monitoring system for module with existing HIS for
" Alignwith international standards tracking national PBM status pilot testing
such as SNOMED CT.

Design in accordance with HL7 FHIR

standard

23 SNUHY®




l Implementing Clinical Decision Support System(CDSS)

« Deployed CDSS on BestCare 2.0 (HIS of SNUH) as a pilot test
« Comprised of 4 stages

Notify doctors that the
patient is a blood
management candidate

National-level PBM monitoring
Access results from EMR

Scenario-based CDSS
- Scenario 1) Create a patient specific blood transfusion orders
- Scenario 2) Disease specific functionalities

Determines PBM
candidates based on
existing guidelines

24 SNUHY®




l Implementing Clinical Decision Support System(CDSS)

SCREENING
(Targeting patients visiting the department of Surgery, Obstetrics & Gynecology or ACTIVATION

Orthopedic Surgery)

/il]SCenaﬂohasedCDSSacﬁvaﬁnnarldKeyDatasetcdlecﬁon )

* Hb <13 (Male) 12 (Female) or - . .
. platelet <100,000 or Acute bleedmg_ and acute anemia (Surgery, Gl bleeding, Trauma,
* PToraPTT prolongation Fulmo_rmy, anary, Etc) _ )
*  Chronic Bleeding and/or chronic anemia (Gl, GU, Pulmonary)
“ + Thrombocytopenia
* Coagulation disorder
4 A \- /
{12) Requred collection time ' (2) PBM reaciivation CDSS )
*  Initial days of admission (including ouipatient care) based on the patient's delivery dafe and during discharge . .
*  Initial days of admission (including outpatient care) based on the patient'ssurgery date and during discharge + RBC Transfusion 1 le
; — < + CBC abnormality(Hemoglobin, Platelet)
(2) Collect Initation Key Dataset «  Abnormal coagulation profile
+ Baseline demographics \ /
+ Clinical lab: Hb, ferritin, iron/TIBC, platelet, PT, aPTT, PT INR, (3) Data collection time
reticulocyte count *  Upon completing medical examination (for both outpatient care and
\* Diagnosis Code Y. admission)

I
Completed collecting Initiation key dataset with CDSS at
required collection time

25 SNUHY®




l Implementing Clinical Decision Support System(CDSS)

When screening criteria are satisfied, a doctor creating an order will be notified that the patient is a candidate for PBM.
Pop-up screen is generated to encourage the doctor to include examinations for collecting key dataset

® [Example]
This patient is a candidate for PBM. Following

4 examination orders are required to register this
patient for PBM,

O CBC diff, reti (L2018)

O Iron panel (L3053)

O Coagulation panel (L2201)
O Ferritin(L7620)

Do you wish to create a new order?

Proceed Cancel

Pl
le 8g pack 1 pkg [P.0] daily hs [D]
& Mag-O 500mg capi 1 cap [P.O] daily hs [D]
o £ /2

26




| Implementing Clinical Decision Support System(CDSS)

|. Displaying the patient’s transfusion history
C1eET | T-=x

EEE

Eaoni

=22 Q =3

+Eeq
precheck

Concor 25mg tab(Bisoprolol) 1 tab [P.O] daily ++ X130 Days
Warfarin 2mg tab(Warfarin) CH=t 4mg [P.O] daily p7 X60 Days
HA LG Warfarin 5mg tab(Warfarin) CH2t 5mg [P.O] daily p7 X130 Days
Cozaar 50mg tab(Losartan) 1 tab [P.O] daily ++ X130 Days
PT (Prothrombin time)(ZAt24A| ZE7Hs) [Citrate BLD] - precheck
ACS(E21 X E) 9F [Tissue Heart Valves, 1.5-2.0 INR, 2-374€]

Echocardiography-F &

— Orders for transfusions are created on a separate

#les 7 order panel.

When transfusion orders are published, patient’s past
transfusion history, consent form status and
transfusion medication status will be displayed

o
=]

v +ERA
A7t 2 XY SuEE
A7 o ) RO BT M)

0
22 ARAE ALK DA ABE A N

2019-05-14

e ¥ FHAE1~0)H F7(1~89) Line Cycle

O+ | + Type & Screening Oy 25 =A IHEEE HuEgls Mo D/C SN U H U
% v = D + 0




| Reference: Patient’s Transfusion History Panel from HIS

SHAE  HARE ARANE LWNHE Iy 79 712 2014-10-02 [ ~ 2014-11-02

Sax FH v HUZTAE FAH - WY A v TE U HET HH E FEETE U HYSYI A BY H Q|

Ut 243 EEU% HUHs WA Wi S99 4 W U3y SMCHR) HFEEET SEP DEP HR RR BT EAIEYS 15E=Ai SBP DBP HR RR BT EFEYW I HUUA| HUEL: =0 90 3 HF[AE HZ|ErIAag AE7|
2014-10-04 | Plateletpheresis {=_...  2014-10-04 0314202464 APH22 250cc B+ N Y 10-04 1854 10-04 19:00 10-04 1900 133 69 86 16 356 10-04 19:00 10-04 1905 166 74 84 15 356 10-04 2000 N HE RICU RICU &3
2014-10-04  Plateletpheresis (X  2014-10-04 0314166417 APH22 250cc B+ N ¥  10-04 13:30 10-04 13:35 10-04 13:35 160 68 94 16 363 10-04 13:35 10-04 1340 158 62 94 18 363 10-04 1430 N HE RICU RICU =31
2014-09-30 2014-10-02 0314169568 RBC 320cc B+ M N =L 074 238 X139 : SEOHH|2
2014-09-30 2014-10-02 0314171597 RBC 320cc B+ N N =2 074 259 K139 : SIS
TEHOI A ES|

EHRHE HYX|E MO R E LEHE SR 21 ==7|17F 2019-06-28 ~ 2019-07-29

Eax HHY v SHUIETMNE] FAH v HugH A v HE W EIT HAH EY FETTE U HUIWMA B H 2|

2 UR 203 EE2LR HUHS  EUA) Wi HQ 4 Wi S-S FJuMCEe) FFEEST SBP DBP HR RR BT EHAIEY) 152F2%: SEP DBP HR RR BT xIEEY R HUHAA| HUHFS 2 HZTME HZ|WIME AET
2019-06-27 2019-06-29 (0319112207 PSLDR 400cc B+ N | ¥ HHE 39 =0HH|E
2019-06-27 2019-06-29 1219086049 PSLDR 400cc B+ N ¥ HHE 39 =0HH|E
2019-06-28 2019-06-29 0319113113 | RBC | 320cc B+ N N MH D EAAESS
2019-06-28 LD PlateletpheresisiL.. 2019-06-28 0319116683 APH22 250cc B+ ¥ Y 06-28 1858 06-28 19:00 06-28 1900 127 77 90 36 36.8 06-28 19:.00 06-28 1905 114 68 94 47 373 06-28 1930 N RICU £33
2019-06-27 Red blood cell (400.. 2019-06-28 0319089462 FFP  400cc B+ N N 06-28 1203 06-28 12:06 06-28 12:07 OPT
2019-06-27 Red blood cell (4D0_.  2019-06-28 0319092597 FFP  400cc B+ M N 06-28 12:03 06-28 12:07 06-28 12:07 OPT
2019-06-27 Red blood cell (400.. 2019-06-28 0319009869 FFP  400cc B+ N N 06-28 1202 06-28 12:07 06-28 12:07 oPT
2019-06-27 Red blood cell (400.. 2019-06-28 0319117104 APH22 250cc B+ N Y 06-28 1145 06-28 11:46 06-28 11:48 OPT
2019-06-27 2019-06-28 1219075094 PSLDR 400cc B+ N | ¥ 06-28 23143 06-28 23145 06-28 2345 92 60 108 12 37.8 06-28 2345 06-28 2350 | 88 56 98 12 378 06-29 01:20 N RICU
2019-06-27 2019-06-28 (0319106916 PSLDR 400cc B+ N | ¥ 06-28 1240 06-28 12:41 06-28 12:41 151 70 65 14 351 06-28 12241 06-28 1250 | 148 82 64 14 351 06-28 1430 N RICU =
2019-06-27 2019-06-28 1219088280 PSLDR 400cc| B+ N Y 06-28 11:00 06-28 11:01 £ HE7
2019-06-27 2019-06-28 1219087121 PSLDR 400cc| B+ N Y 06-28 09:14 06-28 0916 £ AHE7|
2019-06-27 2019-06-28 1219086052 PSLDR 400cc B+ N Y 06-28 0914 06-28 0916 ==t 07 £ AHE7|

As a reference, this is an actual screenshot from our HIS that allows us to view the patient’s transfusion history in detail.

From this screen, we are able to identify the patient’s transfusion order date, order ID, blood id, time of transfusion, time
of blood arrival, location of transfusion, and the patient'’s vital before and after the transfusion.

28 SNUHY




l Implementing Clinical Decision Support System(CDSS)
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When transfusion orders are published, weekly or
monthly PBM KPIs and compliance related data are
presented, encouraging doctors to adhere to PBM
guidelines.
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l Implementation of a Clinical Decision-Making System in Practice

Qowa
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l Implementation of a clinical decision-making system in practice

If the screening criteria are met, the following pop-up will be presented when the physician issues
an order, notifying the patient of PBM eligibility and encouraging testing to secure a key dataset.

orjuy

WERY wAod TS

a C B, ESR(EAR4M ZILE) EDTA BLD]
20231102 () 7 ZAHMEIQF s CBC(DIff= ) ESR(ZAR4A| 27t [EDTA BLD]

CBC(DiffE &), ESRIZAL24A Z17HS) [EDTA BLD]

|m

SEUE HMAMNELEY-HTEM] [5F0]4] Qualitative Spectrometry/MS [Serum]
lodide (urine) [415mL Conical tubed] [Z=%]

. Creatinine(HA24A 74715) [Serum]
2023-10-24 O A2 7|7t a4

————————ﬂmﬂﬁ“-..ﬂ—-——————1
2023-10-23 Q) 22 =Z7|UT sh A% HE| (PEM) 2 THASE HEDBES A|A"ALLCH 8 x

=2T o

2023-10-25 O A2 SF7|Y 4=

e e

it

2023-10-20 ) A2 7| 4=

af

2023-10-13 O 2 SE7|U2 sk

2 0%

2023-00-18 () 22 S| A5
Lithium (serum) [@MEAIZ 7] @] [Serum]
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l Implementing Clinical Decision Support System(CDSS)

« Provides PBM data to central PBM system MM

» Creates KPI based on the collected data from medical institutions and Big Data provided by
National Health Insurance Service(NHIS)

* Provides feedbacks to each medical institution

/ - Medical institution A \

Key dataset (sex, age, examination result, diagnosis etc.
INITIATION y (sex. 2 & )

Key dataset (KPIs, transfusion, drug treatment,

examination result, side effects etc.)
ACTIVATION >

L /
- SNUH®




| Future Plans for Developing
Standardization Module for Integrating Global Standards

Plans to develop a standard integration module that will receive PBM related information from each medical institution’s HIS, enabling

nationwide PBM
Plans to create a universal standardization module based on 6 types of PBM guidelines that will be developed

Currently, plans to integrate global standards such as SNOMED CT* (concept standardization), FHIR** (data structure standardization)

Standardized
PBM related

data format

Central

. )
Medical : DE
Institution A M
EMR <
~ - I\ National-level
Ve N N PBM KPIs monitoring
Medical D Analytic system
Institution B ﬁ AP ®
EMR <« . /\/ ‘.
(& J % =l o ‘
Ve ™ ’T* Blood managemen
Medical | logic/algorithms
Institution C g that conforms to medical institution - centralized monitoring system
EMR - PBM guidelines
_ Y, 0 dical institution > centralized monitoring system
33 * SNOMED CT: Systematized Nomenclature of Medicine — Clinical Terms SNUH

** FHIR: Fast Healthcare Interoperability Resources




Patient Blood Management

Prospective Cohort Comparative Study

Courtesy from Prof Young Woo Kim
Special Thanks!




Patient blood management pilot project

Pilot Project Joint Research System

PBM Intervention
Group

Reference Group
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Seoul National National C Cent Inje University llsan Gachon University
University Hospital ational Lancer Lenter Paik Hospital Hospital
Courtesy from Prof YW Kim
Special Thanks! :




Patient Registration by Institution

Courtesy from Prof YW Kim
Special Thanks!

Name of Institution Mok, NEEErsh Department Total by Department
Persons

Stomach Cancer Center
Hepatobiliary and Pancreatic Cancer Center 34

104 Colorectal Cancer Center
Orthopedics 28
Gynecological cancer 42
Cardiothoracic Surgery 25

Colorectal Surgery

: : 21

96 Gastrointestinal Surgery
Orthopedics 14
Gynecology 36

Colorectal Surgery
Gastrointestinal Surgery 45
Sraiom Ui @ o 105 Hepatobiliary and Pancreatic Surgery
Orthopedics 32
Obstetrics and gynecology o8
(gynecological tumors)

Gynecology 36
Orthopedics 39

llsan Paik Hospital 101 Gastric Cancer Surgery
Hepatobiliary and Pancreatic Surgery 26

Colorectal Surgery




Preoperative Anemia Assessment Rate &
Preoperative Blood Transfusion Rate

*Serum ferritin, defined as completion of anemia assessment upon completion of transferrin saturation test

100

80

60

40

20

The completion rate of
preoperative anemia assessment
at the pilot project institution was

high at 100%.

(p-value <.0001 ) (p-value=0.02)
10.0

8.0
6.0
0
4.0 v:2
2.0 35
16.5
0.0

The preoperative blood
transfusion rate at the pilot
institution was significantly lower
at 3.5% (p-value = 0.02)

(p-value < 0.0001)

35
30
25
20
15
10

0.0

Courtesy from Prof YW Kim
Special Thanks!

P-value=0.0064

AR

The transfusion rate of the pilot project institution
was significantly lower

Pilot institution-> Blood transfusion treatment0 (0%)
5 patients treated with blood transfusion at the
control institution-> (29.4%)




Courtesy from Prof YW Kim
Special Thanks!

Need for Second-Stage Expanded Pilot Project

® Cluster Randomized Trial needed: Random assignment at the group or healthcare system level

® Can evaluate the effect of PBM introduction in real clinical environments

® Validation study of PBM indicators (PBMI, Patient Blood Management Index)

Development of candidate
indicators

Expert consultation on
indicator selection and
adjustment variables (at least
3 times)

Validation of candidate
indicators

Establishment of
validation plan, sampling,

implementation, analysis,
revision, and revalidation

Evaluation of
candidate indicators

Expert consultation
for prioritization of
indicators




PBM-Metrics from ...

Benchmarking daily stock market data...

Sl i e, Dynamic Visualization Tools

Efficient processing of large
volumes of data

Data analysis capabilities

Bt

b=

am Microsoft | Power BI

QlikView




l Developing a Nationwide Monitoring System using Dynamic Visualization Tools

To generate nationwide PBM statistics, you need to develop an IT system that operates a database server and provides real-time updates on
PBM status. Interactive visualizations can be used to allow users to freely monitor various PBM-related KPIs. Ultimately, you can monitor PBM

KPIs at the patient, department, institution, or any other data level with Implementation of a feedback loop that provides alerts when
abnormal patterns are detected.
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Example of interactive visualization: Blood glucose level monitoring system at SNUH ZLL




l Dynamic Visualization

Data update by 1 day batch

You can view the blood transfusion status by surgeon, the

blood transfusion status for each surgeon for the past 10

years for the same surgery, and the blood waste status in real
time, and you can inform clinicians of this in various ways.

Average RBC Issues per Case
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Topic 3: PBM Implementation in Hospital Information System

Key Message is...

We've demonstrated the actual implementation of the PBM module in a

hospital information system. With the concept of nudging, rather than

forcing it, PBM can be flexibly applied to clinicians.
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Topic 4

Al/ML in
Patient Blood Management




Artificial Intelligence and Predictive Analytics
Data-Driven Decision-Making

i2 NARRATIVE REVIEW ARTICLE
Artificial Intelligence and Machine Learning in Patient
Blood Management: A Scoping Review

Jens M. Meier, MD, and Thomas Tschoellitsch, MD

Output

modern medicine. This narrative review gives, in the first part, a brief overview of the methods
of ML and Al used in patient blood management (PBM) and, in the second part, aims at describ- Algorith ms
ing which fields have been analyzed using these methods so far. A total of 442 articles were
identified by a literature search, and 47 of them were judged as qualified articles that applied ]
ML and Al techniques in PBM. We assembled the eligible articles to provide insights into the
areas of application, quality measures of these studies, and treatment outcomes that can pave
the way for further adoption of this promising technology and its possible use in routine clini- '
cal decision making. The topics that have been investigated most often were the prediction of
transfusion (30%), bleeding (28%), and laboratory studies (15%). Although in the last 3 years a Output
constantly increasing number of questions of ML in PBM have been investigated, there is a vast
scientific potential for further application of ML and Al in other fields of PBM. (Anesth Analg LI
2022;135:524-31) TR /' oo

Machine learning (ML) and artificial intelligence (Al) are widely used in many different fields of Machine Learning ,
Unsupervised

Reinforcement learning

bhbbh

GLOSSARY SAELE

Al = artificial intelligence; AUC = area under the curve; ECG = electrocardiogram; ICU = inten-
sive care unit; ML = machine learning; PBM = patient blood management; PRISMA = Preferred

Rennrting ltemea for Suetematic Raviews and Meta-Analvaera: RO = receiver nnarating charactariatio

Al and Machine learning models can enhance PBM by prediction of bleeding and transfusion, outcome

prediction, decision support(Hemoglobin Determination and Laboratory Studies Coagulopathy). This trend will

likely expand, enabling continuous quality improvement and benchmarking of PBM practices across institutions.




Article

Al models collapse when trained on
recursively generated data

Whatis model collapse?

Definition 2.1 (model collapse). Model collapse is a degenerative
process affecting generations of learned generative models, in which
the data they generate end up polluting the training set of the next
generation. Being trained on polluted data, they then mis-perceive

https://doi.org/10.1038/541586-024-07566-y

Received: 20 October 2023

Accepted: 14 May 2024

Ilia Shumailov*®*=, Zakhar Shumaylov*®=, Yiren Zhao?, Nicol
& Yarin Gal'=

reality. The processisdepicted in Fig. 1a. We separate two special cases:
early model collapse and late model collapse. In early model collapse,
the model begins losing information about the tails of the distribu-
tion;inlate model collapse, the model converges toadistribution that

Published online: 24 July 2024

Open access

M Check for updates

Stable diffusion revolutionized image creation from de:
GP1-3(.5) (ref. 2) and GP1-4 (ref. 3) demonstrated high p
oflanguage tasks. ChatGP1 introduced such language
clear that generative artificial intelligence (Al) such as 13
is here to stay and will substantially change the ecosyste
Here we consider what may happen to GP'I-{n} once LLN
found online. We find that indiscriminate use of model-

carries little resemblance to the original one, often with substantially
reduced variance.

This process occurs owing to three specific sources of error com-
pounding over generations and causing deviation from the original
model:

« Statistical approximation error. This is the primary type of error,
which arises owing to the number of samples being finite, and disap-
pears as the number of samples tends toinfinity. This occurs because

causesirreversible defects inthe resulting models, in w
content distribution disappear. We refer to this effect ag
thatitcanoccurinLLMsaswellasinvariational autoeng
mixture models (GMMs). We build theoretical intuition

=d Mathematics and Theoretical Physics, University of Cambridge, Cambridge, UK. *Department
o, Toronto, Ontario, Canada. *Vector Institute, Toronto, Ontario, Canada. *Department of

b5, University of Edinburgh, Edinburgh, UK. *These authors contributed equally: llia Shurnailow,
nac.uk; yarini@cs.on.ac.uk

portray its ubiquity among all learned generative mod¢

MNature | Vol631 | 25 July 2024 | 755

must be taken seriously if we are to sustain the benefits of training from large-scale
data scraped from the web. Indeed, the value of data collected about genuine
human interactions with systems will be increasingly valuable in the presence of
LLM-generated content in data crawled from the Internet.
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Real data

Model collapse setting
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Model-generated data
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We demonstrate that it must be taken seriously if
we are to sustain the benefits of training from
large-scale data scraped from the web.

Indeed, the value of data collected about genuine
human interactions with systems will be increasingly
valuable in the presence of LLM-generated
content in data crawled from the Internet.
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Real 1 2 3 4 5 6 7 8
Trained on dataset from a given generation

Real wikitext2 test datasst

9

Run
Run

When seeking to gain accurate insights into PBM
through Al, repetitively applying existing data and
attempting to find new target values using new
models will only lead to repeated, undesirable
results. This suggests that Al can play a significant

— role in critical areas like PBM through the

Real 1 2 3 4 5 6 7 8

Trained on dataset from a given generation

| continuous updating and accumulation of real-time

patient data. This is something we must consider
when integrating PBM with healthcare IT.




Topic 4: Al and ML in Patient Blood Management

Key Message is...

The application of Al and ML in PBM is not optional, but
essential. Simply leveraging these capabilities to find
meaningful insights can be a very risky approach. To
overcome this problem, we need standardized, high-quality

patient data that is continuously generated.
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Topic 5

Conclusions




Conclusions

If standardized HIS data can be merged with PBM related data, we can make potent and meaningful Clinical Decision

Support System(CDSS) for patient safety.

Genomic precision medicine platform can be introduced to PBM to identify various omics changes following the
administration of blood and blood-related products to It would be a significant benefit for improvement of

PBM.(Improving patient outcomes, reduce costs, and use blood resources more efficiently)

We've demonstrated the actual implementation of the PBM module in HIS. With the concept of nudging, rather than

forcing it, PBM can be flexibly applied to clinicians.

Development of a standard integration module enables national PBM and PBM related KPIs tracking. It will support

comprehensive performance evaluation of the overall PBM project via comparative studies

The future of PBM will be more patient-centric, technology-optimized, and focused on minimizing

unnecessary transfusions through harmonious integration with healthcare IT.
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FOCAL POINT ON Al & BI1G DATA HEALTHCARE IN KOREA

& kPBEM 72025 KPEM

2025 KOREAN SOCIETY FOR PATIENT BLOOD MANAGEMENT ANNUAL SYMPOSIUM

Harwan Sochaty for Fatiert Baood Managemen

THEFUTUREIS BRIGHT FOR
PRECISION MEDICINEIN
SOUTHKOREA

SEOUL NATIONAL UNIVERSITY HOSPITAL is spearheading efforts to integrate clinical research and
medical care

Formorethan acentury, Seoul  makes themostof technologies ET Vital Recorder in November
National University Hospital related to precision medicine and 2017, Thisis an open-access
(SNUH) has played a leading medical artificial intelligence. TA repository of vital signs
rolein advancing medicine and *Medidne is undergoing a data from patients under
healthcare. Among theirmany  revolution,” says Youngil Koh, S ‘general anaesthesia.
breakthroughs, SNUH doctors 2 haematologist at SNUH who VitalDB i expected to
generated and delivered South  leads several genome-health H Ié be a valusble rescurce for
Korea's first IVF baby, and data projects at the Office of predictive models for patient
performed the country’s first Hospital Information and Center I sT"UTIo outcomes, much like the MIMIC
successful liver transplantation. for Precision Medicine. “The THIS PROJECT,  fobse fomthe MIT Lablor
In2018 they inroducedaliver  information we gather n clinical * Computational Physiology has
cancer detectionmethod that  practice is becoming digitized in became a go-to source for health
can improve diagnostic accuracy  every aspectand can be utilized by the work of Hyung-Chul data after it compiled more than
by morethan 30 per cent. toimprove patient care.” Leeand Chul-Woo Jung, 40,000 anonymized patients
The hospital s thriving The hospital's digital heakth anaesthesiologistsat SNUH,  aditted to intensive care units
medicalinnovation hub that systems are exempified who launched VitalDBandthe  inBoston between 2001and
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he importance of standardizing clinical data



