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A personal approach
lumina to health care




o ErazioLesnario
LYNEXIZOMENHE
Darrikne EKiAIAEYERS

o pvde o. “ "a po U o. i a o I'NA. .0 Evarrsuzsos.

logeic

[loj-ik], n

1. a method of thinking
allowing the practitioner
to be wrong with confi-
dence.
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Artificial intelligence: computer systems that mimic human cognitive functions such as learning and problem-solving using
algorithms and decision trees

Supervised machine learning: computer systems learn to map input data to prescribed output categories using
handcrafted feature extractors designed by human domain experts

Unsupervised machine learning: computer systems create their own output categories according
to the structure and distribution of the input data

Deep learning: computer systems represent Reinforcement learning: computer systems
data by adjusting weights across a layered identify actions yielding the highest probability
network of neurons of a given outcome

Loftus JH et al. JAMA Surg. doi:10.1001/jamasurg.2019.4917
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Development and Validation of a Deep Learning Algorithm
for Detection of Diabetic Retinopathy

Retinal Fundus Photographs
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WYnoeioki atreikévion = uwnAni diIayvwaoTIKn 10XUG, EVOWUATWON

®dakelog AoBevoug - emitaxuvouevn wnolotoinon (HPA), Euko
gceldikeuon & uWnAn TroidTNTA.

H BM trpocappdletal eUKoAa oTn cuAAoyr] & avAAUCTH) ETEPOYEVID
H BM avamtuooel eUKoAa BewpnTIKG JOVTEAD TA OTTOIO OTI CUVEXEI

AvVATTTUEN QUTOMATIOMWY > EAAXIOTOTTIOINCN XAUEVOU XPOVOU O€
AQPIEPWAOT TTEPIOCOTEPOU XPOVOU OTOV APPWOTO.

A1ddoon HEOW EPAPPOYWY AVOIKTOU KWOIKA = EAAXICTOTTOINOT) K

H Baoikn texvoAoyia triocw atd 1 BM civai n idia, n TEXVOAOYIKN TIf
QATTOTEAEOUATIKOTNTA TNG.

Naylor CD. JAMA 2018;320:1099-1100
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Development and Validation of a Deep Learning Algorithm
for Detection of Diabetic Retinopathy

In Retinal Fundus Photographs

Varun Gulshan, PhD; Lily Peng, MD, PhD; Marc Coram, PhD; Martin C. Stumpe, PhD; Derek Wu, BS; Arunachalam Narayanaswamy, PhD;
Subhashini Venugopalan, MS; Kasumi Widner, MS; Tom Madams, MEng; Jorge Cuadros, OD, PhD; Ramasamy Kim, OD, DNB;
Rajiv Raman, MS, DNB; Philip C. Nelson, BS; Jessica L. Mega, MD, MPH; Dale R. Webster, PhD

Gulshan V et al. JAMA 2016;316:2404-2410
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Diagnostic Assessment of Deep Learning Algorithms
for Detection of Lymph Node Metastases
in Women With Breast Cancer
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The Tipping Point for Deep Learning in Oncology
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Accuracy of Computer-Aided Diagnosis of
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Transcriptome-Based Pan-Cancer Method for
Diagnosis of Primary and Metastatic Cancers
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feature detection automatically detected further processing can be analyzed

Hashimoto et al. Annals of Surgery 2018;268:70-76
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- Known input and output values. - Only input values known. task it performs in its environment (the

- Algorithm is tasked with learning a - Algorithm is tasked with finding patient)

function to match input and output values. associations in the data to which new - Each action bringing it closer toits gealis
instances are compared. rewarded positively.
- Observer (surgeon) monitors agent and
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Panesar et al. Annals of Surgery 2019;270:223-226



EAIN

EruzioLesinario

LYNEXIZOMENHE
Darrikne EKiAIAEYERS

I'N.A. «0 Evirreaissyors

mapadceiypara orn Xeipo

Machine Learning

l

Supervised Learning
- Labelled training data provided

- Known input and output values.
- Algorithm is tasked with learning a

function to match input and output values.

|

Unsupervised Learning
- Uniabelled training data provided
- Only input values known.
- Algorithm s tasked with finding
associations in the data to which new
instances are compared.

Reinforcement Learning

- The agent (the rcbot) is assigned with a

task it performs in its environment (the
patient)

- Each action bringing it closer toits goal is

rewarded positively.

- Obsorver (surgeon) monitors agent and

environment.

Continuous Data Continuous Data

| |
M a8 fiﬂf} A 4;\741 il

Linoar Rogrossion  Docision Trses  andort Forests e
e

2@

NavoBaws  LogelicRegresior KrewrestNeighbors St Vectr

e | B e Evronmen pstony Jooaeae- i
Secimpostion

--------- Popéag (POUTIOT) |~~~

Q

i

MaparnpnTing (Xeipoupyadg)

buonpnd

ANTAMOIBH (!)

N
memmm

e [lEPIBAAAOV (aOOEVAG)

Panesar et al. Annals of Surgery 2019;270:223-226



. , A ENOIM ENIZTHMONIKOY NPOLOAMKOY
4P 7 NOZOXOMEIDY «O EYAITEANIMOIs (EENNE)
o EmzioXeyivario
LYNEXIZOMENHE
Darrikne EKiAIAEYERS
I'N.A. «0 Evirreaissior.

mapadceiypara orn Xeipo

3. (AAHOQ) ESATONMIRENIVIENS
XEIPOYEIAS
gery



7 T  LONNOY
.71 (EENNE)
o ErazioLesivario
LYNEXIZOMENHE
Dirrikus ERiAEysns
I'N.A. «0 Evirreaissyors

MAPOAdEIYHATA OTN X

eSaropikeupévn avaAuon dedopévwv acBevoug

Pre-Op Comprehensive Risk Intra-Op Event Detection Post-Op M&M
Score Calculation and Predictive Analysis Detection and Prediction

(e g -:i>!

lnpu( O.. Output
4 Real-time Video Input

. ﬂ

Vitals Decision @@ bJ
ext :> Care Management
’* === Support k Analytics J

e,

avdaAuon dedopévwy mMAnbuocpou

Hashimoto et al. Annals of Surgery 2018;268:70-76



. , A ENOIM ENIZTHMONIKOY NPOLOAMKOY
4P 7 NOZOXOMEIDY «O EYAITEANIMOIs (EENNE)
o EmzioXeyivario
LYNEXIZOMENHE
Darrikne EKiAIAEYERS
I'N.A. «0 Evirreaissior.

mapadceiypara orn Xeipo

4. AIAAIKAZIA AHYH2ZSANOWAYAIVN
roCessS



-
f-.i ENOIN ENIETHMONIKOY NPOLOMNOY
23 J nozoxo

hl;

\

o ErmazioLesivario
L YNEXIZOMENHE
Lirrikns Exiataeyzas
I'N.A. «0 Evarreaissros.

MEIDY «O EYAITEAJEMOZIs (EENLNE)

2YNHOH
FOAAMATA NMAPAAEIMA

H kAivikiy €ikdva evog acBevoug OTTwG METAQEPETAlI OTO  Xelpoupyd Eival

®avopevo “mhaigiou OIOPOPETIKI ATTO AUTHV TTOU OXNUATICEl OTAV EKTIUA O idl0¢/n idIa TO TTEPICTATIKO.

O Xelpoupyds Bewpei ec@aAAPEVa OTI OI OUVADEAPOI TOU £XOUV TTEPICCOTEPEG

Z@aAua auToTTETIOIBNONG aduvauieg & atroTuxieg armd Tov idio/Tnv idia.

O XelpoupyOdg TeIVEI TTEPICCOTEPO OTNV TIPAEN atrd TNV ampagia, 10iwg otav

2(AaAUa evepyeIag evdeikvuTal N TEAEUTAIQL.

O1 aoBeveic evnuepwvovTal yia TNV TOavr €KBaon vooou 1 XElpoupyEiou Baocel

ZpaApa aykupoBoAnang aOpPOoIOTIKWYV OEQOUEVWY, OXI ECATOUIKEUMNEVA.
H mrpdogarn eutreipia pe pia TTANBUOMIOK oudda 1 pia eTéupacn e€mTnpeddel
2 @AaApa avakAnong duoavdloya Tn diadikacia AQWNS amo@Acewv o€ OUYKPION ME TTAAIOTEPEC
EMTTEIPIEG.
. , H ékBaon tTpoBAETTETAI BACEI TTPOCWTTIKNG EUTTEIPIOC Kal OXI PACEl evOEiCewy &
2QAaAua emmReRaiwaong T

Loftus et al. JAMA Surg. doi:10.1001/jamasurg.2019.4917
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Loftus et al. JAMA Surg. doi:10.1001/jamasurg.2019.4917
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Visual cues

Wearables Monitors

Emergent Approach

Physiologic data Electronic
health records

Deep learning

Continuous, accurate, and
autonomous phenotyping
and risk assessment

Loftus et al. JAMA Surg. 2019;154:791-792
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Development and Validation of a Machine Learning Model
to Aid Discharge Processes for Inpatient Surgical Care

Kyan C. Safavi, MD, MBA; Taghi Khaniyev, PhD; Martin Copenhaver, PhD; Mark Seelen, MBA:; Ana Cecilia Zenteno Langle, PhD; Jonathan Zanger, MS, MBA;
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Loftus et al. JAMA Surg. 2019;154:791-792
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Original Investigation | Health Informatics
Development and Validation of a Machine Learning Model
to Aid Discharge Processes for Inpatient Surgical Care

len, MBA; Ana Cecil

Kyan C. Safavi, MD, MBA; Taghi Khaniyev, PhD; Martin Copenh: L

Bethany Daily, MHA; Retsef Levi, PhD; Peter Dunn, MD

t

Clinical Data Category Data Item

Patient demographic information Age

Sex

Surgery information Surgical procedure type

Surgical urgency

Clinician orders Laboratory

Radiologic
Dietary
Physician consultation

Clinical test results Laboratory
Radiologic
Bedside assessments Vital signs

Fluid intake
Fluid output
Cognitive assessments

Clinical recommendations

Physical therapist

Case manager

Speech language pathologist

Medication administration Type of medication

Dose administered

Route of administration

Catheter information Type of catheter

Date and time of placement

Date and time of removal

Care team notes Physical therapy

Case management

Patients, No.

40+

w
o
I

[
o
I

10+
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Variation Delayed Care Patient or
in Clinical Identified Follow-up on Transition Family
Practice Patient Status Issue Request

Loftus et al. JAMA Surg. 2019;154:791-792



logeic
[loj-ik], n

1. a method of thinking
allowing the practitioner
to be wrong with confi-
dence.
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HEOOOOAOYIKOI TTEPI

S EPINVEI OO ENEAT U0,
* VEVIREU OO U EL G INAT IO,

TTOCOTI|TO OEGOUEV LIV SR OTONEIN OV NIRG I

° TTOIOTNTO OEOOUEVWIV ) N
* 0O@QAAEIN OEOONEVIDY,

TPO®OAOZIA
(INPUT)

AMOTEAEZMA
(OUTPUT)

Wang et al. JAMA IM 2019;179:293-294
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EIAOZ ME©OAOI
FOAAMATOE NMAPAAEITMA MIGANA AITIA | A NTIMETOMIZHE

2TATIOTIKO

Koivwviko

MikTO

KekTnuévn
KATAoTAON
(status quo)

MeAéTn  Framingham -2 JIkpn
evaiobnoia  o¢ MEIOWNQIKEC
UTTOOMAdEC TTANBUCOU.

KaBuoTtepnuévn Oiayvwon Ca
TTveUpova oTa XapnAd
KOIVWVIKOOIKOVOMUIKA OTpwHaTa A
oc O000uG Oev €xouv TTpOCBaacn
OTIC OOMEC uyEiag.

EANTIy  dedopéva  oTtov HOA
AOYw TTANuMEvVoUc follow-up.

Opadec T1OU aviikouv Of Eva
OUOAEITOUPYIKO OUOTNUA UYEiag
avTIOPOUV Ot KABE TTPOTEIVOUEVN
aAAayrn).

O aAyopIBuIK& €TTIAEYMEVOC
TTANBUCPOG dlaPépel
ONUAvVTIKA atré  Tov  UTro
MEAETN TTANBUCOO.

YTTOKEINEVESG DIAKPIOEIC OTN
d1dyvwaon,.

AeSopéva XAUNAAG

TT010TNTAG & TTOOOTNTAG.

« Aduvapia  TTPOPRAewNC
EKpPaonc.

* Mn yvwon KaAAG-KOKNG
EKpPaonc.

Parikh et al. JAMA 2019;332:2377-2378 /I

*  YTTEPEKTTPOOWTTNON
MEIOWNQIWV.

» [lpoocapuoyr TTpoRAEYe-
WV VIO UTTOOMADEC.

Anuioupyia OIKAEIdWYV
ac@aAciac (red flags) vyia
UTTOOUAOEG UWnAoU pioKou.

2UUTTANpwon  0edoNEVWV
TTPOOTITIKA, OXI AVAOPOMIKA.

Epapuoyn EUPIOTIKWV
unxaviopwyv (heuristics).

Bostrom & Ord Ethics 2006:116:656-679.
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Aoyodoacia |ZI

(accountability)

* KOTOOKEUOOTNG
* XEIPIOTNG

* GUVTNPNTAG

YNEYOYNOTHTA

EUB(JV (RESPONSIBILITY)
—{x] )

(liability) (culpability)
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TEXVNTH VONHOOUVN & OEOVTOAC

& ATTEVavTI 0TOoV a0Bgvi) — 100TIUN TTPOCBACN
oTtnv YYeia.

& ATTEVAVTI OTO 1ATPIKO AEITOUpPYNMA.




NOIKEC S1AOTAOEIG

= YTTOEKTTPOOWTTNON “OTTAVIWY. VOO UATWY OTA OE0
OepaTTeEUTIKOI AAYOPIOUOI TTOU OEV KOAUTITOUV TOUG

& YTTOEKTTPOOWTTNON KOIVWVIKWY OUAOWY OTA OE00
ateAOUG ] ATTOCTIAOUATIKNG TTPOCBAOCNG OTIC UTTNE
QTTOKAEIOPOC TOUG ATTO TOV OAYyOPIOuO.

& |q-|-p| Kr’] TWV ap|e“(bv_ Flavfred or'incomplete data %ets tha’f are
not inclusive can automate inequality.

& KakoBouAn TTpocacn oTa TTnyaia OEO0UEVA.

& KakOBoUuAn Xprjon Twv TTPOTEIVOUEVWY BEPATTEUTI
(aO@AANIOTIKEG ETAIPIEG, VOUOBETEG KATT).

Gianfrancesco MA et al. JAMA Internal Medicine 2018;178:1544-1547



EMAYYEAHATIKN OgovTOoAoyia

& YTrepBOAIKN eTTAVATIAUON OTIC dUVATOTNTEG TNG B
arrodounon Twv 0e€lotnTwy Tou latpou — DE-SKYLEEINGE

< EoTiaon o1o “0EvTpo” (=0edopEVA) KAl ATTWAEI TC
TOU a0oBevoug).

& Evdoyevnc aBepaiotnta yia TTOAAG BIoAOYIKA & KAI
dlagpoplikn epunveia yeTagu “maparnenTwy: — INTERGOBSERVAS!
WARINIERRE
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PIAOCOPIKOI TIEPIOPIC

 BaBuiaia tTrpocapuoyn oTnv
TEXVOAOYIKN €EEAIEN. * YTodoUAwon O0TOUG
aAyopi0Ououg.

TEpIC ‘I'HCIDIAKOZ ANOPQITIZMOZ peén o

D €i00G.
 Kartavonon & atroiKiIoNog Tou
OUMTTAVTOG. * OAOKANPWTIKOG aPAVIOHOG.
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YHOPIAKOZ ANOPOQMIZMOZ

eAeuBepia # pia ETIAOYNAG

\4
e YTOXAOMOG ETTI TOU VORUATOG. » Eidog-mrpoutrobéocig-Tipnua

o ] TWV TTPOCPEPOUEVWV ETTIAOYWV.
o KpITikn Bewpnon Twy. OEOOUEVIVV.

* AAAeG €TTIAOYEG TTOU ATTOKAEIEI
n dedopévn emAoyn.

Ocopdvng Taong. Wnoeiakog AvBpwtriopds. Exkd. Apudg 2019. ISBN 978-960-615-244-3
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Auguste Rodin, Le Penseur, 1904




