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yla Th VOO O Tou Zuv8popou Ofeiag Avanveuotikng Auoxépelag”

NepiAnyn

H ouvexng avamtuén peydlou oykou Plolatplkwv SeSopEVWY OTNV UYELOVOULKN
neplBaAdn dnuloupyel oNUAVTIKEG TIPOKANCELG VLA TNV ATMOTEAECUATLKI TOUG Slaxeiplon.
AUTH N avaykn €Kave avamoPeuKTn TNV ULOBETNON HEYAAWY UTTOSOHWY SES0UEVWV Kall
OXETIKWV TEXVIKWV QO OPYAVIOUOUC UYELOVOULKAG TiepiBaAPng, TPoKeEIHEVOU va
€EEPEVVAOOUV ATIOTEAECUATIKA TOV TAOUTO TwV S€SOUEVWY TOU TIPAYUATIKOU KOGUOU
mou dnuloupyouvtal HE 0TOXO TN BeATiwon TNE MOLOTNTOG TWV UTINPECLWV LYELAG. 2TNn
Blopnxavia vyslovoutkng epiBaing, untdpxouv dladopeg LeYAAeS TinyEG Sedouévwy,
TIoU XapaKktnpilovtal amo etepoyEveLd. AUTEG TepAaBAVOUV VOOOKOUELOKA CUOTHOTO
nmAnpodoplwv (HIS) kat atpika apxeio acbevwv (EHRS), amoteAéopata EpyaoTnpLOKWY
Sladkaolwy Kol e€etdoswv ToU Pplokovial O OXETIKA cuoThuata TAnpodopLwv
(Laboratory Information Systems - LIS), 6edopéva and cuvexr mapakoAovbnon acbevwv
(r.x. o€ pia povada evratikig Bepaneiag - MEO) kat Sedopéva amo ESUMVEG CUOKEUES,
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onw¢ ¢opnta. Emiong, moAU peyaha cuvola Sedopévwv Snuioupyolvtal amo KALVIKEG
KOl €PEUVNTIKEG €pyaoieg mou oxetilovtal pe tn yovidlwwpatiky. Ocov adopd T
YovISlwHaTik, o pubuog avamtuéng kata tnv teAeutaia Sekoetia Atav emiong
TIPAYUOTIKA EKMANKTIKOC, HE TOV OUVOAKO aplOuo Sedopévwyv alAnAouxiong mou
napdayovtal va Suthactaletol mepimov KABe entd HAVEG. Autd ta SeSouéva amaltouV
anmoteAeoUATIKN Slaxeiplon Kol avAAuon TPOKELEVOU val €€AYOUV OUGCLOOTLKEG Kall

edapuooiueg mAnpodoplec.

Katd tv avamtuén tétolwv AUCEWV TPETEL VA QVILLETWIIOTEL Yl OELPA OO
T(POKANOELG KAl ETLITAOKEG TTOU cuvSEovTal pe KABe Bripa Tou oXeSLOoUOU CUCTNUATWY
yla tnv Staxeiplon Tétolwv HeEYAAWV oUVOAWV Sedopévwv UYELOVOULKAG TepiBaAding.
AUTEC pumtopoUv va emAUBOUV LOVO XpnoLomolwvtag UPnAnNG moldTnTag UTTOAOYLOTLKEG
AUoelg ylwa avaluon peyohwv Sedopévwv. EWSIKA oTnv TPEXouoa KOATAOTOON TNG
navénuiag COVID-19, ol eMUTAOKEG TTOU UTtOPEL va e avIoTOUV PETA TNV EvapEn QUTNG
¢ aoBévelag otn {wn Tou avBpwWToU €lval TMPAYUATIKA CNUAVTIKEG. MLa ONUAVTLKN
TETOLO EMUTAOKN €lval To oUvSpopo ofelag avamveuotikng duoxépetag (ARDS), To omoio
elval plo coBapry avamveuoTiky kKotaotaon HeE uPnAnR Bvnowotnta Kol OXETLKA
voonpotnta. Evag peyalog aplOpog Baokwy Kal KAWIKWY HeEAETWY €xouv Seifel OTL n
€ykatpn dlayvwon kat mapéupaon eivatl kabBoploTtikng onuaciag yla tn BeAtiwon tou
nooootoU emPBiwong Twv acBevwv pe ARDS. EMOUEVWC, UTIAPXEL ETILTOKTIKN QVAYKN yLot
™V avamntuén Kat KAWVIKN SOKLUA TIPOYVWOTIKWVY HOVTEAwV yla cupBavta ARDS, ta omola
Ba pmopouaoav va BeATiwoouv tnv KAWLIKA Stayvwon n tn Staxeiplon tou ARDS.

Jtnv noapovoa datpPr), eotidcape oe SUO SLAPOPETIKOUC OTOXOUC: OCUYKEKPLUEVA
o) va. oxedlaooupe pia enektaocipn mAatdpopua Staxeiplong peyalou oykou Sedopévwy,
Baolopévol o TexvoAoyieg avolxtou Kwdika, Kal B) va eKUETAAAEUTOULE TNV MAATPOp LA
kKat &nuoola Slabéoipa peydla ouUvola KAWIKWY SeSOPEVWVY  TIPOKELUEVOU va
QVATTUEOUHUE MOVTEAQ HNXAVIKAG MABNnong ywa tv mpoPAedn cupPaviwv ofelag
avanvevotikng oOuoxépetag (ARDS) péow kowwg OSlLaBEoIUwWY  TIAPAUETPWY,
OUMMEPAAUPBAVOUEVWY TWV PACIKWY XAPAKTNPLOTIKWY KAl TwV  KAWLIKWVY  Kal
£PYAOTNPLAKWY TIAPUUETPWV.

H SlatpBn xwpiletal o Vo kUpLa pEPN. To MPWTO PEPOC TTAPOUGCLATEL KAl aVOAUEL
AEMTOPEPWC OAEC TIC SLadikaoieg, Ta UAKA Kal TI¢ peBodouc mou uloBetOnkav yla thv
avantuén autng tng mAatdopuag Slaxeiplong peydAwv Sedopévwy. EoTldoOpE OTLG
ETUMAOKEC KoL TIG SUOKOALEG TTOU TIPOKUTITOUV KATA TN Snuloupyia Kol Tn Xprion TEtolwy
OUOTNUATWY o€ peyaAa Bloiatpika Sedopéva, Omwe To ouvolo dedopévwv MIMIC-III. To
SeUteEpPO PEPOC AUTNC TNG SLatplPng, meplypAdeL TOV TPOTIO UE TOV OTOLO XELPLOTHKOLE
QUTAV TNV KAWVIKN Baon §e50UEVWY, yLa VO TIPOLYLOTOTIOL)COULE pLal LEAETN a&loAdynong



™G MAaTHOPUAG LG, OE VO TIPAYUATIKO KAWLKO ogvdplo yla to ARDS. O otdyxog tng
MEAETNG MAC ATOV va QVAMTUEOUME Kol va OELOAOYNOOUME Ml VEQ edappoyn
oAyoplOukwv povtéAwv, Random Forest kal Logistic Regression, mou eknaldevtnkav o€
Sebopéva OXETIKA LE TNV LYELA TwV acBevwy, ylao TNV MpwLun Stayvwaon kat mpoBAen
Tou ARDS. H pocE£yyLon PG ETUTUYXAVEL KOAUTEPO ATIOTEAECUATO OE OAEC TLG UETPIOELG,
o€ OUYKPLON HE OXETIKEG SNUOCLEVUEVEG TIPOOTIAOELEG TTOU ETONG XPNOLUOTOLOUV TN
Baon 6edopévwv MIMIC Il yia TNV avamtuén MPOyvVWOTIKwY HovtéAwv yla ARDS.
JUYKEKPLUEVA, Kol Ta SUO aAyoplOuLkd POVTEAQ pag €xouv KOAUTEPN amodoon otnv
nipoPAedn ARDS, pe kupiapxo to Random Forest pe 10-fold cross validation, cUpudwva pe
NV MepLoXn KATW amo tnv KapmuAn AUC (95,1%), tnv akpifeta (98,0%), Tnv eldikotnta
(98,62%) kat tnv evatcBnoia (96,25%).
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“A Scalable Data Science Platform built on Open Source Technologies
with Application of Predictive Analytics on Acute Respiratory Distress
Syndrome disease”

Abstract

The continuous growth of high volumes of biomedical data in healthcare generates
significant challenges for their efficient management. This need has made inevitable the
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adoption of big data infrastructures and relevant techniques from healthcare
organizations, in order for them to efficiently explore the wealth of real-world data
generated with the objective to improve the quality of healthcare services. In the
healthcare industry, various big data sources, that are characterized by heterogeneity,
exist. These include hospital information systems (HIS) and medical records of patients
(EHRs), results of laboratory procedures and examinations residing in relevant
information systems (Laboratory Information Systems - LIS), data from continuous patient
monitoring (e.g. in an Intensive Care Unit - ICU) and data from smart devices, such as
wearables. Also, very big data sets are generated from genomics-related clinical and
research work. Regarding genomics, the rate of growth over the last decade has also been
truly astonishing, with the total amount of sequence data produced doubling
approximately every seven months. This data requires efficient management and analysis
in order to derive meaningful and actionable information.

In developing such solutions, a range of challenges and complications associated with
each step of the pipeline for handling such healthcare big data sets need to be addressed.
These can only be resolved by using high-quality computing solutions for big data analysis.
Especially in the current situation of the COVID-19 pandemic, complications that might
occur after the onset of this disease are really important. An important such complication
is Acute Respiratory Distress Syndrome (ARDS), which is a serious respiratory condition
with high mortality and associated morbidity. A large number of basic and clinical studies
have demonstrated that early diagnosis and intervention are key to improving the survival
rate of patients with ARDS. Therefore, there is a pressing need for the development and
clinical testing of predictive models for ARDS events, which might improve the clinical
diagnosis or the management of ARDS.

In the present thesis, we focused on two distinct objectives; namely a) to design a
scalable data science platform, built on open source technologies, and b) to exploit the
platform and publically available big healthcare datasets to develop machine learning
models for predicting acute respiratory distress syndrome (ARDS) events through
commonly available parameters, including baseline characteristics and clinical and
laboratory parameters.

This thesis is divided into two main parts. The first part presents and analyzes in detail
all the procedures, materials, and methods adopted to develop this big data management
platform. We report on the complications and difficulties that arise in creating and using
such systems with large biomedical datasets, such as the MIMIC-III dataset. The second
part of the thesis describes how we exploit this clinical database, to perform an evaluation
study of our platform on a real world clinical scenario for ARDS. The objective of the study



was to develop and evaluate a novel application of machine learning models for
predicting acute respiratory distress syndrome (ARDS. We employ random forests and
logistic regression algorithmic models, trained on patient health record data for the early
prediction and diagnosis of ARDS. Our approach achieves better results in all metrics that
are based on AUC, when compared to relevant published efforts using the MIMIC IlI
dataset to develop predictive models of ARDS. Specifically, both of our algorithmic models
outperform in ARDS prediction, with 10-fold cross validated Random Forest being
dominant, according to AUC (95.1%), Accuracy (98.0%), Specificity (98.62%) and
Sensitivity (96.25%).



