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How does people collect data?

Observing, measuring, or collecting the values of features

(features, attributes, properties, variables) of the objects under

consideration.
= Two ways of collecting data

Randomly
sampling

Collecting all
available data

~

Conventional statistics, methods were
created when small or medium-sized
data sets were common.

Many innovative multivariate

techniques being developed to solve _

large-scale data problems.




Essence of statistics

population population
Probability
distribution Statistical Inference
of variables .
(joint variables

distribution)

statistic

 Estimation parameters

Probability
distribution
of a statistic

* Hypothesis testing

Statistical inference is the ways of drawing conclusions about population parameters from an analysis of the
sample data.

* A parameter is a numerical feature of the population, such as mean, proportion, standard
deviation.

* A statistic is a single measure of some feature of a sample. Itis defined as a numerical-valued
function of the sample data. Itis used to infer the corresponding population parameter.



Multivariate analysis

* Simultaneously analyze the relationship of multiple random
variables

* Testing hypothesis by data in Confirmatory data analysis

(CDA) vs. producing hypotheses from data in Exploratory
data analysis (EDA)

— Factor analysis, PCA, Linear discriminant analysis
— Regression analysis
— Cluster analysis

* What we can see from conventional methods?
— Poorresults onlarge and complex data
— Traditional methods are suitable for analyzing small datasets.
— Price of storage and data processing are quickly decreasing.



Machine learning

» Muc dich cta hoc may la xay dung cac hé may
tinh cé kha nang hoc tap nhu con nguoi.
" Given

o {(x;,y;)}, x; is description of an object in
some space, y; € {C{,C,,...,Ck} ory; ER
is viewed as label of x;,i = 1, ..., n.

o Examples:Set of electronic medical records.
* Find

o Function p(y|x) for labeled data and p(x)
for unlabeled data.

o Diagnosis or treatment regimen for a patient.

(Source: Eric Xing lecture)
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Khai pha div liéu - Data Mining

Tw déong kham pha, phat hién cac tri thirc tiem an tir

cac tap dir lieu I&n va da dang.

Statistics
Data mining metaphor:

: Large and
Extracting ore from rock

unstructured
real-life data

Databases

Machine Learning
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Tim ra quy luat tw dir liéu kinh doanh

D{ liéu kinh doanh ‘w

“Nhiéu dan ong tré tim mua bia va bim trong siéu thj”

D{* liéu kinh doanh  Phan tich Pan 6ng 20-30 tudi Bim ’ Bia

Pang mua World Cup, nhitng 6ng bs tré mua bia va bim dé cuéi
tuan vira trong con vira xem boéng da.

» sap x&p bia va bim gan nhau
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Khoa hoc dir liéu - Data science

TRI THUC
CUALINH VUC

XU LY
DU LIEV

KHOAHOC
MAY TiNH

Khoa hoc vé phan tich dir liéu

Ta khong thé gidi quyét cac
van dé vai chinh cach nghi ta
da dungkhi dat van dé

“In God we trust.
All others bring
data”.

“Ta tin Thugng dé.
Ngoai ra, la di*
liéu”.
W.E.Deming

“We cannot solve problems
by using the same kind of
thinking we used when we

created them”

Albert Einstein

Két hop cliaToan hoc vaTin hoc la c6t 16i cia khoa hoc dit liéu
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Mot lwvoc dé cua khoa hoc dir |

ieu

CHUYEN KET QUA [

TRUC TIEP DEN CON NGU'OT

)

TRUC TIEP BDEN MAY MOC

Vs

TRUY NHAP Trinh duydt Thiétbidi dong  HB trd khach hang J [ DIhW cgsgtrithic  MQ, IMS, Sockers
Sl{’, DUN,G HIEN THI Tag cloud Clustergram  History flow Spatial information flow
KET QUA L )
4 3
PHAN TiCH i )
THONG KE HOC MAY &
PHAN TiCH KHAI PHA DU’ LIEU
DrLUEU  \_ )
/ ) C , A C o\ ’ ) \
f QUANTRI f:{c hé Lam sach dit liéu @hadaap
phan tan > 2
(U J x ~y A
QUAN TR e CSDL || Antoindirlieu | = csan
DU LIEV Tinh toan g \ .mongoDB
: N songsong |\ )| e )
(U
XAY DUNG [ Semi-structured/un-structure data extradion ... ]
NGUON DU LIEU Doanh nghiép, B0 nganh, Dia phuang... Cam bién Di dong Web e ]

Source: WAMDM, Web group



Statistics and Machine learning

Statistics Machine learning

Formal statistical inference * Prediction problems in
high dimensionality and

Models f Il si bl
odels Tor small siz€ problems with symbolic data.

and mostly with numerical data.
* In early days with

i d
Changing culture and adapt to heuristics algorithms.

computational power.
 Tend to statistical models

Trend to move to machine , ,
underlying the algorithms.

learning.

il
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Khoa hoc di liéu: Quyét dinh & Hanh déng

Phan tich Con nguei quyét dinh

Mo ta (descriptive)
Diéu gi da xay ra?

Chin doan (diagnostic)
Sao lai nhu vay?

Dy doan (predictive)
Diéu gi sé xay ra?

H6b tro
quyét dinh
Dé xuit (Prescriptive)

Phai lam gi, lam thé nao? _
Ty dong
quyét dinh

Nguon: Gartner, 201 3.

Data science is the essential tool for using data

Quyét dinh

4

Hanh dén
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Outline

= Brief of datascience

* The data-drivenapproach and electronic medical
records (EMRs)

" Qurprojecton EMRs dataanalytics
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“Fundamental theorem”
on using computers in medicine

Charles P. Friedman.] Am Med Inform Assoc. 2009;16:169—170.
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Expert systems in medicine
the deduction approach

An expert system is a computer program
that behaves like an expert in some narrow
area of expertise, using expert knowledge.

Knowledge
acquisition

Knowledge |

MYCIN (Shortliffe, Feigenbaum, 1 979): Infection Diagnosis.

IF |. the infection is primary bacteremia, and
2. the site of the cultureis one of the sterile sites,and
3. the suspected portal of entry of the organism is the gastro intestinal tract

THEN thereis suggestive evidence (0.7) that the identity of the organism is bacteroides.
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EMRs in medicine
the induction approach

Knowledge

acquisition
Knowledge

Deduction

General rules Specific
or Principles Cases



EMRs in medicine
the induction approach

Knowledge

acquisition
Knowledge

Deduction

General rules Specific
or Principles Cases

Jaundice is yellowing of the skin and eyes
and can indicate a serious problem with
liver, gallbladder, or pancreas function




EMRs in medicine
the induction approach (data-driven approach)

Knowledge

acquisition
Knowledge

Deduction

General rules Specific

Induction

throughput
3{_;“_‘ i %i “’»{' t
ot %ﬁ '? ¢

Digitalization



EMR, EHR,and PHR?

= EMR - electronic medical records —
created, gathered, managed,and consulted by Medical provider
authorized clinicians and staff within one
health care organization.

= EHR - electronic health records -
conforms to nationally recognized
interoperability standards and that can be
created, managed, and consulted by authorized
clinicians and staff across more than one
health care organization.

Management of health data
by individuals
for daily healthcare etc.

* PHR - personal health records - conforms
to nationally recognized interoperability
standards and that can be drawn from multiple
sources while being managed, shared, and

controlled by the individual.

Yasuo Ishigure, Trends, Standardization, and Interoperability of Healthcare Information, NTT Technical Review 2017

23



EMR: implementation & exploitation

Language \ ( Return the result to HIS
normalization

I\
B e
and mobile “ ’ 9’4\‘ ‘

e -

devices

EMR
implementation
support

R - T Analysis of EMR
-(an - S— — secondary databases
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sing T . £
sneech Hospital information system (HIS)
technology ‘
tE(;AS: Zg:: Creating EMR
secondary databases @ iz
entry -
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EMR and paradigm shift in medicine

= Main sources from EMRs

- Doctor daily notes
- Nurse narratives
- Discharge summary

= Essence

- All medical knowledge were
found by the observation and
analysis of the patient health
care.

- EMRs are a huge source of
medical tacit knowledge
accumulated on patients’
diagnosis and treatment.

= Paradigm shift
EMRs can play an evolutional

role in medical care and research.

Obama's big idea: Digital
health records

President-elect Barack Obama, as part of his
effort to revive the economy, is proposing a
massive effort to modemize health care by
making all health records standardized and
electronic. The government estimates about
212,000 jobs could be created by this program,
CNNMoney reports. t

“...within five years,
all of America’s
medical records are

computerized...”
(Jan. 2009)
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EMRs around the world

95%

85% Spain (83 percent)
Australia (78 percent)

75%

55%
45%
350%
25%

15%

5%

The Nordics (92 percent)

UK (73 percent)

US (62 percent)
Canada (58 percent)

1

Japan (44 percent)

1

Germany (38 percent)
France (33 percent)

2009 2010E 2011E 2012E 2013E

Estimated Hospital-based EMR Adoption Rate Projections by Country

EMR implementation has been well
done in developed countries, and now
the beginning of EMRs exploitation.
The EMRs implementation has started
in some developing countries.

Implementation

Challenaes

Benefits

Research Analysis

l -

)

¥

Developed Countries

&

What processes did
developed countries go
through during the
implementation and
adoption of electronic
medical records?

“

What challenges did
developed countries face
and how were these
challenges addressed?

9

How have developed
countries benefited from
electronic medical
records?

~

¥

Developing Countries k

o

( What are developing )

countries doing towards
implementation and
adoption of electronic
records?
v §
What challenges are
being faced by
developing countries with
regards to medical
electronic records?

|
4

What benefits have been
realized from the
implementation process?



Percentage of primary care physicians in
selected countries using EMR in 2015

New Zealand 100%
Sweden

Norway
Netherlands
United Kingdom
Australia

United States
Germany
France

Canada

Switzerland 54%;

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110%
Percentage of primary care physicians

https://www.statista.com/statistics/236985/use-of-electronic-medical-records/
27



Tradition medical records vs. Electronic

medical records
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Tradition medical records vs. Electronic

medical records

Mostly

individually
used for

single

patient.
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Tradition medical records vs. Electronic
medical records

SO'Y TE QUANG >
BY DA KHOA VAN

DIEN BIEN BENH
/“ NGAY GIO
!

f

2 o
fr2wez0rs 1437 Bénh nhan tinh. d

kho tho. tiéu khong

- (1) Amoxilin 500m
(Udng 15h - 21h)

Y g wm Al i
budt. dit HA: 120/80 mmHlg Il | .V‘%l,:”’}‘rl\‘/'[(j{\ bumin 50m)
/ M: 80 “(n'lpi‘,-milh;::;""f 31.7. Protein: (Truyé
/ Két qua S

60.9 e
‘ BCEHFOLHOM.:
' Chén dodn: Phu do giam ap;l.;u keo
viém duong tiét niéu / K phoi.

juswezersaz19 Bénh nhan tinh, khong sot
Dau tre nguc 3 3
HA 110/ 70 mmHg; M 84 lan/ phut
Tim nhjp déu Al
Hoi chimg 3 giam phoi phai
Bung mém.

/

- Theo doi: M, HA, NT, nhiét do 3hy
- Thé Oxy 31/ phat &

- TT. Alpha choay 04 vién
(Ubng 15h - 21h)

- Furocemid 20mg | (mg
(Tiém TM 9h)
- (2) Amoxilin 500mg (Am
(Udng %h - 15h)
- (2) Morphin (Osaphine) 30mg | Vity
(Pha uong chia 3 lan khj dau) :
- Kaldyum ( 6
(L /Gn;__' 9h)
- Mediphylamin 500mg 2 Vién
(Ubdng 9h - 15h)
- (2) Seduxen 5mg (Hung) 2 vign
(Ubng 21h)
- Tho Oxy 31/ phut

00 mg) Ngoaj | vién

Cham soc cap 2 - an chéo,

|
ohexine) 4vie '/

|

THOY

SO Y TE QUANG NINpg
BY PA KHOA VAN pON

SOY TE QUANG NINH

BY DA KHOA VAN DON
Khoa PT - Giy M& - Hai Sire
Giudng : P15-05

BENH AN NOI KHOA

BENR
\T»ﬁ&cmagnm e
e DDOGEE
e ooo )
TOBIEY Ty
s =

NGAY GIO
1406201507:00 Banh pp s

HA: 100/60

Tim nhip géy

Hoi chimg 3

Bung mém, kh.

[15062201508:26 Bapp nhan tinh, kp

€on dau tire ngue phai.
D& phu hai ¢hj duréi.
M

Tim nhip déu
Phoi ph@i thong

Bung mém khon

SO thay,

tinh, kh, 6
Pau tge nguc ng sot

MS : 39/BV - 01
S6 vao vign :11001439

{10

Xa Ha Long
Ninh {Dﬂ E\ED
Tusi Yo 1ru pii T N3 midin TY 4.kmie
i : o |
PhE quan hoge phoi, khong xic dinn Giuong: P15-06

DIEN BIgN BENH

Y LENH

any 161} 27w déa ] 308 [
S

e

- Furocemid 20,
(Tiem T™ 9h)
- 3)Amoxilin 500mg (Amohexine) 4 Vién
(Udng 9h - 15h)
= (3)Morphin (Os:
(Pha uéng chia 3
- K:'xldyum
(Udng 9h)
- Mediphylamin 500mg 2 Vién
(Udng 9h - 15h)
- (3)Seduxen Smg
(Uong 21 h)
- Tho oxy 31’p
- TD: MUT. 1A, NT 3h/13n
-CDCS 2- Ap long

mg 1 éng
mmp{

& M: 821an/ phy,

én 2.Tuyén duin 3.CK

2iam phéi phg;
ong churgn 2

aphine) 30mg 1 Vién
lan khi dau)
(600 mg) Ngoai 1 vién

Wit nghy 09/06/2015 o
E1 58eve T} cnvaie
|58

MA

wra xac dinh

(Hung) 2 vién

mEEL
ooy

+ Bién chimg:

6ng sét, dy kho the,

hang nam
vién diéuri ) 3 Khae

gicr vao vien |}

*m TM 9h)
- (4) Amoxilin 50
(U(')ng 9h - 15h)
-(4) M9rphin (Osaphine) 30mg 1 Vien
(Pha uong chia 3 lan khi dau)

00 mg) Ngoai 1 vién

Omg (Amohcxine) 4 Vién
khi kém
2 chudéng, gan lach khong

0o
(]

Neav 09 Théine 06 Na
TRUONG

>an gidi phiu tir thi:

- Mediphylamin S00mg 2 Vign
(Uong 9h - 15h)

- (4) Seduxen Smg (Hung) 2 vign
~ (Udng 21hy ;

30



Trad
med

Nni
tion medical records vs. Electro
cal records

KNOB 1= Gay e o Sue
Giuong - P15-05

1 000
i 2w 00 OO 0000
LHAN:';.H‘N“:m — S No walite byl 4 G
* Mo va tén: .
INH
v TE QUANG N D

ng 5
ZIE1
MS: 12/BV - 01 ,xn&‘D
O = < = & M4
ﬂ"—:-("(gl: mf':m';n PHIEY CHAM SOC SoAsuin: vl
joa PT - Phiéu g4 .3

PHIEU CHAM SOC

Phiéu s6 :2.

linh

Tudi :67 Nir
it e
cdin X 3knse [
: i Y LENH / CHA. SO inh : ; — s
GIO\ THEO DOI DIEN BIEN BENH FHUGHIEY ;6 i | GIO, « dugri s
NGAY 2 = )3 A ién tinh than A HUT
L e tinh. khong sot. Dong vién tinh than 0. duy tri L
12/062015 21:00  Bgénh nhl‘“," i Cho bénh nhan nim dau cao. |
da kho ther o
X z £
Skt [Dheioc‘;:o)bénh nhan uong thuéc theo DA 2 % B D 4.Dwa vé D
Iénh one 8t Gigp bénh nhan vé singy ring migng L
S0y Huréng ddn ngu diing gio, gitr f e By the o xy - i
BY py bénh yén tinh
Khoa
Giwdny
B¢nh nhap, tinh, khpg (&
5 Al A 2 sot, Duylrnhiyox EG
Ar . S el PR i nol ho the ki 7 6t 7
= 1062015 00:00 Benh nhin con mét, do e Dong vién nghi nghoi P ,1g1,fﬁ"lf‘ S & hve hien thudc theo y 1g mia
o e & * € trang Huéng g3, NEUOI nha cho benh nhan DDE
3. Giej an long & tiéu du dinp duémg %
5. Din &
7. Pjac i 2 HEY: AR 5 dn bénh nhan the sau
13/06/2015  06:00 Bénh nhan tinh, khéng sér, Hudng dan bén 1 L1038 = =
fipg ¢ dau tirc ngyc, kho the phe, Van dong nhe nhang (i giutng E:of‘}l‘h';h:: con day ngue,
Nile ho khan HG tro bénh nhan Vé sinh ca nhan e
BHY Phii nhiéu haj chi dugi, Duy tri thé o Xy
Ho 1é phic mém

Duy thé o XY, thay déj 1 thé nhe
‘hing

3énh nhan tinh, Khong sy Do diu hig, sinh (5
‘ogl dau tie Ngue nhe Duy 5 the oxy
Thé trang cop mét

Thye hign ¥ Iénh thude digy, tri
Xoay trey nhe nhang bénk nhan

Tiéu tién biny, thuong
Bém ngu jt

13/06/20) 5 09:00 Bénh nhan tinh, khong

b,

s6t Po ddu hiéu sinh tén
au nic ngyre thé trang
et

Duy tri the o Xy
m Thyc hi¢n thuée theo ¥ Iénh
An kém Huéng din ngirg; ppy cho bénh nhan
an long dé tiey dy dinh dudng chia
lam nhiéy by trong ngay

13062015 15:00  Benpy ahan tinh, Do diy hiéu sinh 14,
Dau e ngue thé trang Duy tri the: o Xy
mét Thue hién thuée theo y lénh
Ding vien tinh thin
2015

21:00 Bénp ahan tiph

dau ngyre
0 ngu

Duy tri th o Xy
Thire hign thyde

theo y Jepp
ledng din benh nhan ngg ding pjy
han ché Ui tham pe;

31



Two kinds of datain EMRs

984,20123,1216,0,3354-02-05 05:40:00 EST,3354-02-05 06:01:00
EST,4270,"N",54,"Nursing/Other”, "MICU nursing admission note 7AM","

MICU nursing admission note 7AM

Pt is 68 yo male adm [**Hospitall 2**] EW [**2-4**] 5/p fall 2 weeks ago while
in [**State 552**] where he landed on his left side, having left sided pain. CXR x
2 at hospital, no fx, pt sent home. Took motrin for pain steadily last 2 weeks. #
SOB, anorexia last 2-3 days. Flew to [**Location (un) 175%*] for medical care. In
EW, + EKG changes, + troponin/MB. ARF, cr 3.4, K 54. Given Kayexelate, DS0,1V
insulin, CaGluc. Heparin gtt started for EKG changes, ?PE. No CT d/t ARF. VQ
scan showed low prob PE. Also FSBS 300s, covered by SQ insulin.
Vanco/levoquin for ? UTl. Desatted on RA, 100% NRB with SAts 100%. CXR no
rib Fx. Bicarb gtt for acidosis, gap 26. Hemodynamically stable, BP decreased

80s x 2 while sleeping, increased when awake. A&O x 3. Tx MICU for further

management. ARF probably d/t motrin use. Nt TR 330 930 530980 106102016155
MPV o6 |fL 60-130 60-130 |06/10/2016 14:5
R ) ) ) Ads 14 GPL 02.08 0208 |os/102016 128:5
Neuro - A&O x 3. C/O left sided pain when turning, otherwise comfortable. e 1s s [s-s [s-s [06' 102016 15:5
P.LCR 222 % 06102016 14:5
MAE. [PDW [T ls0-100 [s0-100 06102016 15:5
~RB(‘IH‘:;’\?:AI.N 446' | 3 .40-59 .-'C--SO 06102016 145:5
N _— RDW 40.1 |% 80-120 80-120 06102016 14:5
Resp-Weaned O2 NC 6L, SAts 94%. Lungs clear, diminished at bases. No SOB. [ THR T chw) 1238 |mm3 [150-450 [150-450 [os 102016 155
| WBC(Bach cau) 69 |'mm*3  |40.100 30 .100 [06:102016 14:5

) Téng phin tich nwoc tieu (B |
CV - BP 103-118/54-59. NSR 70s-80s, no ectopy. Heparin gtt 1450U/hr. PTT Tpn TR 1574 274 [o6 102016 145
BIL (Biliruben) Am tinh mel'L <34 <34 06/102016 155
>150, shut off @ 4:30. Restarted 6:00 @ 1200U/hr. K 5.7->6.5. EKG unchanged. 1BLO g chw) 2 S T s ST
2amps CaGluc, insulin 10U 1V, 30gm Kayexelate given. Pt has had no stool from JGLU (CGlucses mxdc tiu) B Atk eemoV L R13715 6.2 33- 63 Jos/10/2006 14°3
. . RET (Retone) Amtinh  mamol L [ <5 <3 106102016 14:5
any kayexelate given. 4:30 lytes will not reflect LEU (Bach ciu) = ™ <10 <10 [os 102016155

CLINICAL DATA (clinical text)

X-ray, CT scan, MR, ... in PACS

- T — -

[McHC 3270 ;1 [250-360 [230-360 |os'102016 135

Lab examination (blood, cardiogram...)

PARA-CLINICAL DATA (numbers)
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Two kinds of datain EMRs

984,20123,1216,0,3354-02-05 05:40:00 EST,3354-02-05 06:01:00
EST,4270,"N",54,"Nursing/Other”, "MICU nursing admission note 7AM","

MICU nursing admission note 7AM

Pt is 68 yo male adm [**Hospitall 2**] EW [**2-4**] 5/p fall 2 weeks ago while
in [**State 552**] where he landed on his left side, having left sided pain. CXR x
2 at hospital, no fx, pt sent home. Took motrin for pain steadily last 2 weeks. »
SOB, anorexia last 2-3 days. Flew to [**Location (un) 175%*] for medical care. In
EW, + EKG changes, + troponin/MB. ARF, cr 3.4, K 54. Given Kayexelate, DS0,1V
insulin, CaGluc. Heparin gtt started for EKG changes, ?PE. No CT d/t ARF. VQ
scan showed low prob PE. Also FSBS 300s, covered by SQ insulin.
Vanco/levoquin for ? UTI. Desatted on RA, 100% NRB with SAts 100%. CXR no
rib Fx. Bicarb gtt for acidosis, gap 26. Hemodynamically stable, BP decreased

. Heterogeneous and longitudinal

016 14:5
016 14:5
.PS(Ichfzau | mm 3 _4' -59 .~L' 59 .Jé 102016 15:5
RDW 1401 % 80-120 80-120 06/102016 14:5
Resp-Weaned O2 NC 6L, SAts 94%. Lungs clear, diminished at bases. No SOB. [THR (T cAwy 1238 |mm'3 [150.450 [150-450 [06/102016 15:5
|WBC(Bach cau) 169 |mm’3 |40-100 140 -100 196102016 14:5

R | Tong phin tich nwoc tiew ( u (B
CV - BP 103-118/54-59. NSR 70s-80s, no ectopy. Heparin gtt 1450U/hr. PTT | pH |70 | las7a [ss74 [os' 102016 1555
BIL (Biliruben) Am tinh  |umel L <34 <34 06/102016 155
>150, shut off @ 4:30. Restarted 6:00 @ 1200U/hr. K 57->6.5. EKG unchanged. [BLO (iténg chi) Ve e e I los 102016145
2amps CaGluc, insulin 10U 1V, 30gm Kayexelate given. Pt has had no stool from O [ ciou N | oV L) a2 13.7- 62 {06/10/2016 14:3
. . RET (Retone) Amtinh  mamol L [ <5 <3 06102016 145:5
any kayexelate given. 4:30 lytes will not reflect LEU (Bach ciu) = ™ <10 <10 06102016 155

CLINICAL DATA (clinical text)

X-ray, CT scan, MR, ... in PACS

016 14:5
016 155

Lab examination (blood, cardiogram...)

PARA-CLINICAL DATA (numbers)
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Public EMR database MIMIC Il & 11

= Shared EMR database for research (more than 50 thousand
de-identified EMRs)

= MIMIC I (2001-2008),MIMIC Il (2009-2012)

Tl
Beth Israel Deaconess HARVARD MEDICAL SCHOOL
Medical Centell TEACHING HOSPITAL

z

Hospital

Calculated
vaniables
(SAPS, SOFA,
Elixhauser
co-morbidity)

N

Tests

« Laboratory

* Microbiology [ e - :

Orders -

+ Provider order entry (POE) . MIMIC-II
Data archive Date shifting Database

Billing

+ ICD9

* DRG

! Pcodres 6P

De ics

. M"manMuw dates A

* Date of birth/death
+ Religion/ethnicity/marital status

Notes and reports

+ Discharge summaries User feed-
+ Radiology (X-ray, CT, MRI, Ultrasound) back and
+ Cardiology (ECHO, ECG)

—{ External
Social Security Death Index l:/

https://mimic.physionet.org/

M TablesinMIMIC v
ADMISSIONS
CALLOUT
CAREGIVERS
CHARTEVENTS
CPTEVENTS
D_CPT
D_ICD_DIAGNOSES
D_ICD_PROCEDURES
D_ITEMS
D_LABITEMS
DATETIMEEVENTS
DIAGNOSES_ICD
DRGCODES
ICUSTAYS
INPUTEVENTS_CV
INPUTEVENTS_MV
LABEVENTS
MICROBIOLOGYEVEN
NOTEEVENTS
OUTPUTEVENTS
PATIENTS
PRESCRIPTIONS
PROCEDUREEVENTS_
PROCEDURES_ICD
SERVICES
TRANSFERS 34



Some pieces from an EMR in MIMIC

ICUSTAY
26,2538-10-29,4320,"8",1,1,"Y","Y",2538-10-26 03:18:00 EST,2538-10-29
16:25:00EST,58.95198, "adult",5107, "N", "cCU", "ccu", "ccu", "ccu",185.42,100.4,100.4,
100.4,16,5,16,5,1,5,

ICD_DISGNOSIS AGE

SUBJECT_ ID,HADM ID,SEQUENCE,CODE,DESCRIPTION

25,5726,1,"410.7 1|" , "SUBENDOCARDIAL INFARCTION INITIAL EPISODE OF CARE"
25,5726,2,"250.11", "DIABETES MELLITUS WITH KETOACIDOSIS TYPE I NOT STA"
25,5726,3,"414.01", "CORONARY ATHEROSCLEROSIS OF NATIVE CORONARY ARTERY"
25,5726,4,"401.9", "UNSPECIFIED ESSENTIAL HYPERTENSION"

DEMOGRAPHIC EVENTS DATA

SUBJECT_ID,HADM ID,MARITAIL STATUS_ITEMID,MARITAL_ STATUS DESCR,ETHNICITY ITEMID,ET
HNICITY DESCR,OVERALL_PAYOR GROUP_ITEMID,OVERALL PAYOR GROUP_DESCR,RELIGION ITEMI
D,RELIGION DESCR,ADMISSION TYPE_ ITEMID,ADMISSION TYPE DESCR,ADMISSION SOURCE_ITEM
ID,ADMISSION SOURCE DESCR

25,5726,200050, "MARRIED",200083, "WHITE", 200067, "PRIVATE", 200081, "UNOBTAINABLE" , 20
0028, "EMERGENCY",200029, "EMERGENCY ROOM ADMIT"

MEDEVENTS DATA

SUBJECT_ID, ICpSTAY_ID, ITEMID, CHARTTIME, ELEMID, REALTIME, CGID, CUID, VOLUME, DOSE, DOSEUOM, SOLUTIONID, SOLVOLUME,
LUNITS,ROUTE, STOPPED

25,28,45,2538-10-26 04:30:00 EST,1,2538-10-26 04:57:00 EST,2691,1,0,8,"Uhr",18,100,"ml", "IV Drip",
25,28,142,2538-10-26 04:30:00 EST,1,2538-10-26 05:00:00 EST,2691,1,0,2,"mcgkgmin",13,100,"m1l", "IV Drip",
25,28,45,2538-10-26 04:45:00 EST,1,2538-10-26 04:57:00 EST,2691,1,0,10,"Uhr",18,100,"m1", "IV Drip",
25,28,142,2538-10-26 04:45:00 EST,1,2538-10-26 05:00:00 EST,2691,1,0,2, "mcgkgmin",13,100,"m1l", "IV Drip",
25,28,45,2538-10-26 05:00:00 EST,1,2538-10-26 05:23:00 EST,2049,1,0,10,"Uhr",18,100,"m1", "IV Drip",
25,28,142,2538-10-26 05:00:00 EST,1,2538-10-26 05:23:00 EST,2049,1,0,2, "mcgkgmin",13,100, "m1l", "IV Drip",
25,28,45,2538-10-26 05:15:00 EST,1,2538-10-26 06:07:00 EST,2691,1,0,10,"Uhr",18,100,"m1", "IV Drip",
25,28,142,2538-10-26 05:15:00 EST,1,2538-10-26 06:07:00 EST,2691,1,0,2, "mcgkgmin",13,100, "m1l", "IV Drip",
25,28,45,2538-10-26 05:30:00 EST,1,2538-10-26 06:07:00 EST,2691,1,0,10,"Uhr",18,100,"m1", "IV Drip",
25,28,142,2538-10-26 05:30:00 EST,1,2538-10-26 06:07:00 EST,2691,1,0,2, "mcgkgmin",13,100, "m1l", "IV Drip",

MEDURATIONS DATA

SUBJECT 1D, ICUSTAY ID,ITEMID,ELEMID,STARTTIME, STARTREALTIME, ENDTIME,CUID, DURATION
25,28,45,1,2538-10-26 04:30:00 EST,2538-10-26 04:57:00 EST,2538-10-29 16:25:00 EST,1,5035
25,28,142,1,2538-10-26 04:30:00 EST,2538-10-26 05:00:00 EST,2538-10-29 16:25:00 EST,1,5035
25,28,45,1,2538-10126 04:45:00 EST,2538-10-26 04:57:00 EST,2538-10-29 16:25:00 EST,1,5020
25,28,142,1,2538-10-26 04:45:00 EST,2538-10-26 05:00:00 EST,2538-10-29 16:25:00 EST,1,5020
25,28,45,1,2538-10-26 05:00:00 EST,2538-10-26 05:23:00 EST,2538-10-29 16:25:00 EST,1,5005
25,28,142,1,2538-10-26 05:00:00 EST,2538-10-26 05:23:00 EST,2538-10-29 16:25:00 EST,1,5005

POE-MED DATA

POE_ID,DRUG_TYPE, DRUG_NAME, DRUG_NAME_GENERIC,PROD_STRENGTH, FORM_RX,DOSE_VAL_RX,DOSE_UNIT RX,FORM VAL_
DISP,FORM_UNIT DISP,DOSE_VAL_DISP,DOSE_UNIT DISP,DOSE_RANGE_OVERRIDE

1930588, "BASE", "D5W",, "250mL Bag",,"250","ml","250","ml1",,,

1930589, "BASE", "NS",,"500mL Bag",,"500","ml","500","ml",,,

1936709, "BASE", "sW",,"100mL Bottle",,"100","m1","100","ml",,,

1929791, "MAIN", "Aspirin", "Aspirin", "325mg Tab",,"325","mg","1","TAB",,,

1929796, "MAIN", "Potassium Chloride","Potassium Chloride","20mEq Packet",,"20","mgEq","1","PKT",,,
1929797, "MAIN", "Atorvastatin", "Atorvastatin", "40mg Tab",,"80","mg","2","TAB",,,

1929819, "MAIN", "Potassium Chloride","Potassium Chloride","20mEq Packet",,"40","mgEq","2","PKT",,,
1930558, "MAIN", "Potassium Chloride","Potassium Chloride","20mEq Packet",,"40","mgEq","2","PKT",,,
1930691, "MAIN", "Pantoprazole", "Pantoprazole", "40mg Tab",,"40","mg","1","TAB",,,

1931503, "MAIN", "Calcium Gluconate","Calcium Gluconate","lg/10mL Vial",,"2","gm","2","VIAL",,,
1931745, "MAIN", "Zolpidem Tartrate","Zolpidem Tartrate","5mg Tab",,"5-10","mg","1-2","TAB",,,
1931746, "MAIN", "Acetaminophen", "Acetaminophen", "325mg Tab",,"325-650","mg","1-2","TAB",,,

POR-ORDER DATA

POE_ID,SUBJECT_ID,HADM ID,ICUSTAY ID,START DT,STOP_DT,ENTER DT,MEDICATION,PROCEDURE_TYPE,STATUS,ROUTE
,FREQUENCY , DISPENSE_SCHED, IV_FLUID,IV_RATE, INFUSION_ TYPE,SLIDING SCALE,DOSES_PER_24HRS,DURATION,DU
RATION_INTVL,EXPIRATION_ VAL,EXPIRATION UNIT,EXPIRATION DT,LABEL_INSTR,ADDITIONAL_ INSTR,MD ADD_ INST
R,RNURSE_ADD_INSTR

1929790,25,5726,28,2538-10-26 05:00:00 EST,2538-10-27 03:00:00 EST,2538-10-26 04:00:00
EST, "Insulin", "IV Piggyback","Inactive (Due to a change order)","IV
DRIP", "INFUSION",,,,,,,,"Ongoing",,"Enter on Label",,,"Fingersticks every hour IV Drip Rate: 8
UNIT/HR", "Specify blood glucose goal",

1929795,25,5726,28,2538-10-26 05:00:00 EST,2538-10-26 04:00:00 EST,2538-10-26 04:00:00 EST, "Potassium
Chloride", "IV Piggyback","Discontinued","IV","ONCE","5",,,,,1,1,"Doses",, "Enter on
Label”,,,,"CARDIAC MONITORING AND CENTRAL LINE ARE REQUIRED WHEN SELECTING CONCENTRATED PRODUCT
(20 mEg/50 mL). 20 mEq/50 ml preparations are given via central line only. Fluid restricted
patients may recieve 40 mEq in 500 ml NS or D5W. No more than 60 mEg placed in one liter of fluid
per BIDMC policy. ","Cardiac monitoring and central lines are required for rates > 10 mEq/hr."

NOTEEVENTS DATA

",,25,5726,28,0,2538-10-26 07:51:00 EST,2538-10-26 08:33:00 EST,1807,"N",1,"Nursing/Other","NURSING PROGRESS NOTE","
NURSING PROGRESS NOTE

58 Y/O MALE ADMITTED FROM [**Hospitall 2#*] ER (TRANSFERED FROM [**Hospital6 110**]). HE INITIALLY PRESENTED
TO [**Hospital6 110**] WITH C/O N/V, DIZZINESS. HE IS S/P INSULIN PUMP INSERTION IN [¥*2538-5-6**]. HIS PUMP FAILED
ON SATURDAY AND BEGAN FEELING POORLY. HE WAS ADMITTED WITH A BLOOD GLUCOSE > 575. HE ALSO HAD ST
CHANGES ON EKG. HE WAS TREATED WITH IV LOPRESSOR, INTEGRILLIN, IV NS, INSULIN. HE REFUSED ASA STATING IT
MAKES HIS STOMACH UPSET. ADMITTED TO CCU FOR R/O MI PROTOCOL.

This is a 58 yr old male Pt who presented to [**Hospital6 **] with C/O N/V & dizziness- He had an insulin pump inserted in 6/04 & on
Saturday [**10-25%*] it failed- blood sugar was > 500- Also, his EKG showed new ST depressions (no C/O CP & cardiac enzymes negative)-
Pt was transferred to [**Hospitall 2**] EW on integrilin & insulin gtts for further care- Pt was admitted to CCU- R radial A line was placed-
Pt developed a sinus arrythemia HR 40-70's with hypotension (SBP 60-70's)- atropine given for ? bradycardia induced hypotension, IV fluids
wide open & dopamine gtt started- EKG SA HR 50-70's with return of ST-T waves changes in lateral leads- PA line inserted into R 1J- RA 8-
PAP 42/22-PCWP 15-16- decision was made to cath Pt due to persistent hypotension Cardiac cath revealed moderately severe single vessel
CAD (LCx large vessel proximal 60-70%) normal LV systolic function- no intervention done- ? elective stent LCx when stable- CO high with
low SVR- ? sepsis

CV-R/IMI. HR 70-80NSR, BP by R radial Aline 110-140/60-70. ASA, plavix (loaded w/ 300mg this am) cont., lopressor 12.5mg bid added.
No c.o CP, weakness, dizz. PA line- CVP 8-10, PA 28-38/16-18, CO [**7-15**], SVR 500. Has received ~10liters of IVF over 48hr, u/o 3000
over same time. R femoral Aline d/c @ 12n w/o complication by Card fellow, site C&D w/ transparent dsg, no hematoma, no oozing. Pulses
dpl-1+, baseline. Endo/Fluids- IDDM on insulin gtt @2-3u/hr w/ small and improving po intake.FS 92-152. IVF D5.45NS @ 100cc/h (dec'd
from 150/hr this am). U/O 80-120/hr clear urine. + 2500 for day.

CCU Nursing Progress Note-7a-7p 58 y/o male admitted [**10-25**] w/ N/V/dizz, IDDM w/ failed pump, FS 576 to [**Hospital6 **], EKG
changes. Placed on insulin gtt, IVF and tx to [**Hospitall 2**]. Over w/e,hypotensive- Dopa and Levo; PA line placed w/ High CO, low SVR;
cathed, RCA 70% stenosis, RI MI; DKA. Much improved overnight and today. Anion gap now closed. Heparin, R fem Aline d/c. Cont INS
gtt, IVF, antibx. Plan for Stent of RCA [**10-28**]. NPO p MN.

Neuro- A&O x3, MAE, much less irritable w/ cardiac explanation/education by MD/RN CCU team. Able to assist w/ position change. To be
OOB this evening when PA line D/C.

CHARTDURATION DATA

SUBJECT_ID,ICUSTAY_ID,ITEMID,ELEMID,STARTTIME,STARTREALTIME,ENDTIME ,CUID,DURATION

25,28,781,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1536,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1535,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1534,0,2538-10-26 03:59:00 EST,2538-10-26 09:29:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1532,0,2538-10-26 03:59:00 EST,2538-10-26 09:29:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1529,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1525,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1523,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1522,0,2538-10-26 03:59:00 EST,2538-10-26 09:29:00 EST,2538-10-29 16:25:00 EST,1,5066
25,28,1162,0,2538-10-26 03:59:00 EST,2538-10-26 04:30:00 EST,2538-10-29 16:25:00 EST,1,5066
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EMR is the core of
the e-health paradigm shift

Improving the
quality and
efficiency of
hospital jobs

Improving security
in relation to the
personal information
protection

Improving safety
by preventing
incidents

Providing real data
for pragmatic
clinical trials in
clinical research.

EMR Data Analytics
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Example: IBM Watson health

BN Watson Health

Systems of Insight have the potential to redefine clinical decision
support in the context of both Knowledge-driven and Data-driven

Analytics.
Knowledge-Driven Data-Driven
*Published =Observational
Knowledge m L ‘r Data
r" ( w’ t

(k %"

o Longltudinal records

:‘é%%rl?sa 's » Claims, Rx, Labs
» Guidelines » Genomics

» Exogenous

» Discovery Advisor

» Oncology Advisor

» Engagement Advisor
« Clinical Trials Matching
*» EMR Assist

» Genomics Advisor

Patient similarity
Predictive modeling
Real World Evidence
Genomics

i |8
:: i
i
: i
')
i
i
L J

—
|
L

Visual analytics

© 2015 IBM Corporation 13

IBM Watson’s Next Step: Health, 2017
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Research for EMR exploitation

» |2B2 Challenges (English)
Informatics for Integrating Biology and the Bedside
( grating gy ) VIVIIC

ss DB

- 2006: De-identification and Smoking EMR open acce
2008: Obesity

- 2011: Coreference Challenge Pittsburgh Univ. DB
- 2012: Temporal Relations Challenge of clinical reports
- 2014: De-identification & risk factors for heart disease

- 2015: Temporal Relations Challenge

- 2016: Patient severity for a disease e
* NTCIR Challenges (A A&5E)
- 201 3:De-identification jz
- 2014:Recognize disease complaints and diagnosis, 0 1 S 16.5
and links to ICD-10. 21 2t
- 2015:Disease recognition from ICD codes 12 ‘ J . | J
- 201 6:Temporal Relations Challenge major  medum  small clini

R Rates of Japanese hospitals with EMRs (2011)

https://www.i2b2.org
http://research.nii.ac.jp/ntcir/publication1-en.html




Research for EMR exploitation

Journal of Machine Learning Research

JVIR

Home Page
Papers
Submissions
News

Editorial Board
Announcements
Proceedings

Open Source
Software

Search
Statistics
Login

Contact Us

JMLR Special Topic on Learning from Electronic Health Data

Interleaved Text/Image Deep Mining on a Large-Scale Radiology Database for Automated Image Interpretation
Hoo-Chang Shin, Le Lu, Lauren Kim, Ari Seff, Jianhua Yao, Ronald M. Summers; 17(107):1-31, 2016.
[abs][pdf][bib]

Patient Risk Stratification with Time-Varying Parameters: A Multitask Learning Approach
Jenna Wiens, John Guttag, Eric Horvitz; 17(209):1-23,2016.
[abs][pdf][bib]

Extracting PICO Sentences from Clinical Trial Reports using Supervised Distant Supervision
Byron C. Wallace, Joél Kuiper, Aakash Sharma, Mingxi (Brian) Zhu, lain J. Marshall; 17(132):1-25, 2016.
[abs][pdf][bib]

The Factorized Self-Controlled Case Series Method: An Approach for Estimating the Effects of Many Drugs on Many Outcomes
Ramin Moghaddass, Cynthia Rudin, David Madigan; 17(185):1-24,2016.
[abs][pdf][bib]

Decrypting ** Cryptogenic" Epilepsy: Semi-supervised Hierarchical Conditional Random Fields For Detecting Cortical Lesions In MRI-Negative Patients
Bilal Ahmed, Thomas Thesen, Karen E. Blackmon, Ruben Kuzniekcy, Orrin Devinsky, Carla E. Brodley; 17(112):1-30, 2016.
[abs][pdf][bib]

Electronic Health Record Analysis via Deep Poisson Factor Models
Ricardo Henao, James T. Lu, Joseph E. Lucas, Jeffrey Ferranti, Lawrence Carin; 17(186):1-32,2016.

[abs][pdf][bib]

Cross-Corpora Unsupervised Learning of Trajectories in Autism Spectrum Disorders
Huseyin Melih Elibol, Vincent Nguyen, Scott Linderman, Matthew Johnson, Amna Hashmi, Finale Doshi-Velez; 17(133):1-38, 2016.
[abs][pdf][bib]

Integrative Analysis using Coupled Latent Variable Models for Individualizing Prognoses
Peter Schulam, Suchi Saria; 17(234):1-35, 2016.
[abs][pdf][bib]

Structure-Leveraged Methods in Breast Cancer Risk Prediction
Jun Fan, Yirong Wu, Ming Yuan, David Page, Jie Liu, Irene M. Ong, Peggy Peissig, Elizabeth Burnside; 17(235):1-15, 2016.
[abs][pdf][bib]

Multi-Objective Markov Decision Pracesses for Data-Driven Decision Support
Daniel J. Lizotte, Eric B. Laber; 17(211):1-28,2016.

[abs][pdf][bib]



Outline

= Brief of datascience

* The data-drivenapproachand electronic medical
records (EMRs)

= Our project on EMRs data analytics
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Project: Core
technologies for
exploiting EMRs

* Developed countries have
established EMR implementation
and going to EMR exploitation.
Developing countries are mostly
in the EMR enfancy
(implemention phase).

* Build the core technologies
for EMRs in Viethamese.

* Do some pilot research.

Wﬂ !mmu{ )
MEAEE EFERTE: gu
ﬂl‘ mﬁl ) EERELEG D

DIy )
i
43 1L lﬂfrﬁj“ B

Electronic Medical Records

Phase 1

EMR Transformation

EMR Cleansing EMR de-identificationEMR Computable Forms

Phase 2

i‘ Various ways of using
EMR computable forms
j -\ NL
J)/ Y B
' I b
EMR-based study on
EMR-based diagnosis support the drug-disease relationship



Project tasks

(4) Insurance and

(2) Vietnamese hospital cost

— Universal Medical
'i\ o= a Language System

(V-UMLS)

(5) Diagnosis and
treatment support

(1) Implementation tools

o (6) Drug safety and

(3) Secondary EMR DB %i??ii N
~—— ——
EMR implementation Resource and tools EMR exploitation
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EMR implementation:speech technology

* More than 2/3 among ~600000 physicians in the US are using
speech recognition for EMR data entering (speech up 3 times).

" We are successfully used voice technologies for EMRs
implementation in Viethamese.

I- Hanh chinh
M3 BN: Ho tén: NS: Gidi tinh: Dia chi:
Ngdyvao  28/02/201501:32 g5 thes Phing: Gurding:

Chan doan: |Viém amidan héc mu

Trang 3 | Xem K qué CLS

B. TONG KET BENH AN:

1. Qua trinh bénh Iy va dién bién ldm sang:
Bénh nhan st 38,5 d6. HA 110/70 mmHg, mach 98 [an/phut, nhip thé 20 [an/phut. Bau hong, nudt nudc bot dau, an
udng dau. Hong: 2 amydal né do, co gia mac trang bam. Thanh sau hong né do. Tim nhip déu, rd. Phai khdng ran.
Bung mem, H-Ilill'llg C?‘\ij!‘@. Qua diéu tri tai khoa bénh on dinh bénh nhan xin ra vién

2. Tém tat két qua xét nghiém cin lam sang cé gia tri chan doan:

Nai soi: Viém Amydal, cdng thirc mdu: BC ( 15,2), trung tinh (84,5), CRP ( &m tinh ), nudc ti€u: HC ( vét)
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Secondary databases of EMRs

— ldentify data to be
extracted from the
original EMRs.

— Build the data
scheme for the
secondary DB.

| Analyze and

M Todizutri (=)

MEBN: | | Ho tén: N—— nS:| 1957 | Gl tihz Nom | Dia chiz| <4
| Ngdy: 190520140205 | SSvao vin:| 14l | S5 thé: Phang:

& Gau bung khac

« ] * YLENH | Thring qu

[Atropin sulfas 0

ORCEE

| v - exploit EMR in the - Create tools to

secondary DB transform EMRs to

@ 20O e

Hospital Information Systems e S A secondary DB.
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V-UMLS vs. UMLS

(Unified Medical Language System)

(etsthesaursd

1 million+
biomedical

concepts from
over 100 sources

N~

Semantic

135 broad
categories and
54
relationships

SPECIALIST

lexical information
and programs for
language

between them

processing

UMLS (1984,
V-UMLS (2014,

used for analyzing
clinical text in

Viethamese

" V-Thesaurus:The conceptin V-Thesaurus is mapped into
semantic classes and the relationship between them.

* V-MetaMap: Medical text analysis tools and mapping of phrases
into conceptual classes inV-Thesaurus.
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UMLS: 3 components

= SPECIALIST Lexicon h
— 200,000 lexical items >Lexical
— Part of speech and variant information FESOUTLES
* Metathesaurus _/ R
— 5M names from over 100 terminologies - Terminological

resources
— 1M concepts

— 16M relations ™
= Semantic Network

Ontological
— 135 high-level categories resources

— 7000 relations among them



UMLS Characteristics

= Numberof
— Concepts: 1.5M (2008AA)
— Terms: ~6M
» Majororganizing principles (Metathesaurus):
— Concept orientation
— Source transparency

— Multi-lingual through translation
» Formalism: Proprietary format(RRF)



UMLS Integrating subdomains

Clinical
repositories

\

Other ( SNOMED CT ]
subdomains )
UMLS
NCBI
Taxonomy
Model
organisms FMA

Anatomy

OMIM

GO

Genetic
knowledge bases

Biomedical

MeSH i
literature

Genome
annotations




Semantic Types Anatomical

Structure

Fully Formed

Anatomical Embryonic

Structure :
Disease or

/ Syndrome
“..._ | Body Part, Organ o
Organ Component Pharmacologic Population Semantic
Substance

I

Group Network

Metathesaurus
Saccular

Viscus

eft Phrenl
Nerve

: Tissue
29 Donors

Concepts




Biologic Function

Y

Physiologic Function

Y

Pathologic Function

\ A \ Y Y Y Y

Organism
Function

Y

Mental
Process

Organ
or Tissue
Function

Cell
Function

Molecular
Function

\

Cell or
Molecular
Dysfunction

Disease or
Syndrome

Experimenta
Model of
Disease

Genetic
Function

Y

A

Mental or
Behavioral
Dysfunction

Neoplastic
Process




Organism ..................................................................................................

process of

Findin _ Function
g evaluation of

*..| Organism
. le

Anat(;mical [T Laboratory or Sign or disrupts | Physiologic Pathologic

Structure Test Result Symptom Function Function

| | location of
‘ Embryonic Anatomical : :

Structure Abnormality co-occurs with

Structure

| | con Cep fua ]

contains,

produces Body Location |/

or Region

A

Abnormality | | Abnormality part of

Congenital ‘ Acquired ‘ conceptual

Body

Substance Body Space 4 adjacent to

or Junction

Bpdy System

conceptual .~
partof

Body Part, Organ or || Tissue , Cell Gene or location of
Organ Component Component




EMR clinical text

A 58-year-old women presented to her primary care physician after several
days of dizziness, anorexia, dry mouth, increased thirst, and frequent
urination. She reported no pain in her abdomen, back, or flank and no
cough, shortness of breath, diarrhea, or dysuria. Her history was notable for
cutaneous lupus, hyperlipidemia, osteoporosis, frequent urinary tract
infections, three uncomplicated cesarean sections, a left oophorectomy for
a benign cyst, and primary hypothyroidism, which has been diagnosed a
year earlier. Her medications were levothyroxine, hydroxychloroquine,
pravastatin, and alendronate. She had a 20-pack-year of smoking but had
quit 3 weeks before presentation.
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EMR clinical text: named entity recognition

A 58-year-old worren preserted to her primary care physician after
veral days of dizziness, apiorexia, dry mouth, in¢reased thirst, and
frequent urination. She reported no pain in her aAbdomen, back, or flank
and no cough, shortness of breath, diarrhea, of dysuria. Her history was
notable for cutaneous lupus, hyperlipidemia,/osteoporosis, frequent
urinary tract infections, three uncomplicated cesarean sections, ale
oophorectomy for a benign cyst, and primary hypothyroidism, which has

year of smoking but had quit 3 weeks before presentatior.

e _ o e
,JJ Unified Medical Language Systeme (UMLS?)

INTERNATIONAL CLASSIFICATION OF DISEASES

ICD-10 is a new code set for reporting
medical diagnoses & inpatient procedures.
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Sentiment analysis for clinical text

" Purpose: To evaluate treatment outcomes or
judge the impact of a medical condition on
patients.

* Methodology: Determining the information of
patient’s health status noted in clinical text to be
positive or negative

* Challenges

1. Less sentiment words

2. Implicit sentiments: implicit description of health
status, critical symptoms

3. Negation diversity
4. Short text

Denecke, Kerstin, and Yihan Deng. Sentiment analysis in medical settings: New

opportunities and challenges. Artificial intelligence in medicine 64.1,17-27,2015. 54



Sentiment analysis for clinical text

Problems
* Polarity classification

Sentence in clinical note

Sentiment label

There has significant improvement in pleural effusion.

Positive

There is moderate cardiomegaly.

Negative

Challenges: Negation diversity, shortness of text

* Aspect-based classification Aspect: Lung

-

Sentence in clinical note /

Sentiment label

y” 4
There has significant improvement in pleural effusion.

Positive

There is moderate cardiomegaly.
\

Negative

———_ Aspect: Heart

Dang, Tran-Thai, and Tu-Bao Ho. "Mixture of Language Models Utilization in Score-Based

Sentiment Classification on Clinical Narratives." IEA-AIE 2016.
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Two problems under investigation

= Recommendation of = Construction of
treatment regimens contingency tables
for patients based on from EMRs for
the past treatment evaluating the
data from EMRs. effectiveness of drug
utilization.
Case study * Detection and
ST ETEEE  prediction of adverse
Aieelvelee [ pild n12 drug reaction when
Sfectivelevel2 — n21 n22 using multiple drugs.

Effective level 3 n31 n32
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Drug utilization research

Factors
influencing
drug utilization

Patient and provider
characteristics,

disease patterns,
marketing, regulations
and reimbursement, etc.

DRUG UTILIZA

.. . o PHARMACO-
The principal aim of drug utilization EPIDEMIOLOGY

research is to assess whether drug
therapy is rational or not.

WHO. Introduction to Drug Utilization Research.2003.
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Post-market surveillance of drug

SAFETY DOSE, DOSE FORM EFFICACY, ADR EFFECTIVENESS
100 strong men 100-500 patients 1000-5000 patients
l -
0] 1 2 3 4 ) 6 7 8 Year
- Investigational [:] Clinical trial Phase 1 [:] Regulatory Review
New Drug s o - - =y=
Application [ ] Clinical trial Phase 2 :] Full Availability
[l Cilinical trial Phase 3 [ ] Post-approval Studies
Traditional approval process
Clinical Phased clinical trials Marketing .
. . . Marketing
study (confirmation of efficacy and safety) authorization
New scheme for regenerative product
-
it Qlinical trials_ \\ Conditional Marketing Marketing keti
inica (||ke|y'to predict /7 /term-limited (Further confirmation Authorization Mar.etlng
study efficacy, o , R ti continuous
Confirminmm_,/ authorization 4  of efficacy & safety) or Revoca |on-
/ -
—— - — Post-marketing safety measures must be taken,
- including prior informed consent of risk to patients —>
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Drug safety and effectiveness

= Support for presciption: over or under dose,
precision, risk, targeted drugs, replacement drugs...

" Detection and prediction of adverse drug
reaction

" Pragmatic evaluation of drug utilization
effectiveness, relation between treatment
factors and patient groups: drug groups, dose,
time, utilization methods...

* EMRs are golden data to understand drug
utilization in the post-marketing.

Ho, T.B., Le, L., Dang, T.T., Siriwon, T. Data-driven Approach to Detect and Predict Adverse Drug
Reactions, Current Pharmaceutical Design Journal, Vol. 22, No. 23, 3498-3526, 2016. 59



Methods for drug utilization research

Descriptive (qualitative) methods

Descriptive

\\ CASE X:

Case | '
Reports

Cross-
sectional
Study

(

3

Exposed
subjects

Non-
exposed
subjects

\| CASEY:

e | || e
e o == -
= R ——— Y

Longitud?nal Exposed time points
Observational subjects O mmnp () mnp O
Study

PAST NOW FUTURE

Analytical (quantitative) methods

(

I_ PAST NOW FUTURE 0
Analytical
Cases
gase— | <:|<:|<:|<j Outcome
ontro
Study -Difference PRESENT
in exposure Gl
<:|<::|<:|<] Outcome
ABSENT
Cohort Exposed ] " :>|:>|:>I:>
Stud '
y subjects Difference
in outcome
Non-
exposed :>[>E>I:>
subjects

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016.
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Methods for drug utilization research

Descriptive (qualitative) methods  |yentifying patterns or trends in drug

Descriptive _ utilization
CASE X: \\ CASEY: \\ CASE Z: \
c \ * Case Reports
ase . .
Reports present drug consumption in a
w ll/f‘ single patient or the prescribing
i ] ’] pattern at an individual clinic.
Cross- xposed
tional subjects .
<§‘§ﬁ$‘;”a * Cross-sectional Study
] describe the utilization of drugs in a
exposed . . . ] .
subjects given population at a given point in
time.
Longitud?nal Exposed time points
;zsdeyrvat'ona' subjects O0=—>0=ut} * Longitudinal Observational Study
involve repeated observations of
RaST Now el the same variables over time.

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016.
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Methods for drug utilization research

Deeper understanding of the Analytical (quantitative) methods
explanatory factors behind utilization
tterns or the effectiveness or safet Lol — =
pd .. y Analytical
of medication use.
Cases
= Case-Control Study e KK E@@@ Outcome
On having the outcome of interest \| study QR erence HREENT
or not. Previous exposure of | Controls
. 0]
interest be compared KKK S
retrospectively between those with
and without the study outcome. Cohort e :>|:>I::>E>
= Cohort StUdy Study Sl Difference
Exposed and non-exposed subjects Non- in outCey
are followed over a period of time exp;s;d @ :>|:>E>E>
. . supjects
to investigate the exposure effects. -

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016.
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Efficacy vs. effectiveness

= Efficacy is the capacity to produce an
effect. In medicine, it is the ability of
an intervention or drug to produce a
desired effect. It is tested by
explanatory clinical trials under ideal
and controlled circumstances.

= Effectiveness is the capability of
producing a desired result. In
medicine effectiveness relates to how

well a treatment works in practice. It
is tested by pragmatic clinical trials.

lan Ford, Pragmatic trials, The New England Journal of Medicine, 454-463, 2016.
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PICOT comparison of ECT and PCT

Explanatory clinical trials Pragmatic clinical trials
(ECT) (PCT)

Homogeneous patients Real-life patients

Population

Intervention Tightly defined intervention Flexible intervention with changes

Comparison Clearly defined control groupand  Active comparator instead of

often placebo placebo
Outcome Objective/surrogate outcomes Clinically important outcomes
Time Short-term follow-up time, e.g., Long-term follow-up time, e.g.,
6 weeks 6 months

Pragmatic clinical research is much more significant and
needed than explanatory clinical trial but it is very difficult to
carry out as requiring real world conditions.

J.P. A. loannidis. Why most clinical research is not useful. PLOS Medicine, 2016
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Designs for drug utilization research

(a) Typical table in drug safety evaluation

= Data on drug use has to
be collected and
analyzed by statistical
methods.

* Typically, categorical
data is often collected,
represented in
contingency tables
(cross tables) and
analyzed by two
methods of Fisher’s
exact test (for the
2x2 contingency tables)
and RxC chi-square test

Treatment Group| Comparison Group | Total
Test positive a (TP) b (FP) a+b
Test negative c (FN) d (TN) c+d
Total a+c b+d
(b) Typical table in cross-sectional studies in descriptive research

Exposes subjects [INo-exposed subjects| Total
Patient group 1 a b a+b
Patient group 2 C d c+d
Total a+c b+d

(c) Typical table in cohort study in analytical research
Exposes subjects |No-exposed subjects| Total
Outcome 1 a b a+b
Outcome 2 c d c+d
Total a+c b+ d
(d) Large table in drug use effectiveness evaluation
Male Female Total
Placebo a b a+b
Dose 1 c d c+d
Dose 2 e f e+ f
Dose 3 g h g+ h
Total at+tct+e+g b+d+f+h

M. Elseviers et al. (Eds.). Drug Utilization Research: Methods and Applications, 2016.
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PICOT comparison of ECT and PCT

Explanatory clinical trials Pragmatic clinical trials
(ECT) (PCT)

Homogeneous patients Real-life patients

Population

Intervention Tightly defined intervention Flexible intervention with changes

Comparison Clearly defined control groupand  Active comparator instead of

often placebo placebo
Outcome Obijective/surrogate outcomes Clinically important outcomes
Time Short-term follow-up time, e.g., 6  Long-term follow-up time, e.g., 6
weeks months

In the force of pragmatism in clinical research, an emerging approach
is electronic medical records pragmatic clinical research (EMRPCT).

J.P. A. loannidis. Why most clinical research is not useful. PLOS Medicine, 2016
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The framework

For each comment of a patient

rig_inalE Rs = Compute the ratlolp—_l
) ‘ |p+|
= Do regression on the chain lp—_l

* Find the trend coefficient to
classify drug effectiveness into
outcomes

Patient groups
Cleaning & group
De-identificationg Evaluating the
comments

(opinion mining)

Amidile G
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14

Effective (0.01, 0.55) 9 50

Secondary EMR DB

Strong Effective (0.5, 1) 2 1

Contingency tables

Drug associations
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Clinical note evaluation

Bases on sentiment classification algorithm

Phrases containing adjectives or adverbs which are good indicators of subjectivity
and opinions are extracted if they conform some prior patterns.

The semantic orientation of extracted phrases is estimated using pointwise mutual
information, which is defined as

log,(P(term, A term,)

PMI(term,, term,) =
(term, 2) P(term,)P(term,)

The semantic orientation (SO) of a phrase:
SO(phrase) = PMI( phrase, positive terms) -PMI (phrase, negative terms)

Given a comment, the algorithm computes the average SO of all phrases in that
comment and classify it as positive or negative meaning.

Adapt the sentiment classification algorithm for Vietnamese
Build prior patterns by looking through a part of EMRs
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EMRPCT for drug effectiveness study

Data: EMRs fromVan Don hospital
from 3.2013-21.201 6.Extracted 10

most popular diseases

Disease and number of patients

=
y

10
K30
199.1
J20
H81
J18.0
K29.1
B34
N39.0
T78.4

Primary hypertension
Degestive disorders

Cerebral circulation disorder
Acute bronchitis

Vestibular dysfucntion
Bronchopneumonia, unspecified
Acute gastritis

Virus infection in unknown location
Urinary tractinfections

Allergy undetermined

690
589
435
354
317
235
233
164
152
148

Objectives:To automatically extract
contingency tables from EMRs on the effect
of drug groups on patient groups

FREQUENCY OF 10 POPULAR
DISEASES ATVAN DON HOSPITAL

800
700

~
w
o
[
o]
[C=]

600

500 199.1,435

J20,354
H81,317

118.0,23%99.1, 233
B31,166439.0,1528.4, 148

400
300
200
100

[ g
[

(I
(i
[
(I
(T

(i
(I
(i

0O
o

ao R&iloanRdiloan Viém Réiloan Viém Viém da Nhiém Nhiém Djng
huyét tiéuhod tudn  ph&€  tién  phé day virusvj duwong chua

ap hoan quan dinh quan tri  khuin xac dinh
nio  cap phéi khéng tiét niéu
xac dinh

Ho T.B., Hoang K.H., Dang T.T., Drug utilization research with pragmaticclinical trials using electronic medical records (to appear) £9



Drug used for hypertention patients

Drug Code Drug Frequency
Actelsar 40mg TELOO2

Adalat Cap 10 ADAOO1 Actelsar 40mg 10
Adalat ADA0O1 Adalat Cap 10 13
Amidile G(Amlodipin 5mg) AMI1002 Idatril 5mg 15
Amlodipin (Amlor Smg) AMLOO2 Dorodipin 10mg(Amlodipin) 16
Amlod!p!n 5mg ( Arnpor‘l) AMLOO1 Furocemid 17
Amlodipin 5mg (Primodil) AMLODIPI

Captopril 25mg (Khanh Hoa) CAP0OO1 Amlodipin (Amlor 5mg) 18
Captopril stada 25mg CAP003 Lodimax 5mg 36
Coversyl 5mg COVvo001 ;

Dorodipin 10mg(Amiodipin) DOR0O1 Furasemide . 43
Enalapril (Renitec 5mg) Anh ENAOO1 Amlodipin 5mg ( Ampori) 45
Furocemid FUROO1 Amlodipin 5mg (Primodil) 62
Furosemide FUROO2 Amidile G(Amlodipin 5mg) 90
Idatril 5mg IDAOO1 -

lodimax 5mg ANILOO3 Furosemide, Coversyl 5mg 7
Lopilcar - A LOPOO3 Furosemide, Amlodipin 5mg 7
Nifedipin Stada 10 mg NIFOO1 Cover5y| 5mg, Am|od|p|n 7
Nifedipine (ubéng) NIFOO1 Captopril 25mg 9
S-Lopilcar 2 T —

Vg =JROOL Coversyl 5mg, Amidile G(Amlodipin 5mg) 9
coversyl COVOO1 Amlodipin 5mg (Primodil), Furosemide 9

Ho T.B., Hoang K.H., Dang T.T., Drug utilization research with pragmaticclinical trials using electronic medical records (to appear) 70



Hypertension drug effectiveness

I5mg | (Amlodipin 5mg) Amidile G(Amlodipin 5mg)
Less effective (0, 0.01) 2 14 using EMRs of hypertension

Effective (0.01, 0.55) 9 50 patients who took only
those drugs for the study.

Strong Effective (0.55, 1) 2 1

HO: pCoversyl_lessEff = pAmildileG_lessEff;

Less effective | Effective [ Strong | Sample size PcoversyL Eff = PamidileG Eff
effective pCoversyl_strongEff = pAmildileG_strongEff
Coversyl Smg 2(2.67) 9(9.83) [2(05) |13
TAmlldlle G(Amlodipin S5mg) 1: (13.33) 22(49.17) ;(2.5) :Z = With df.= 2, the tabulet
ota

upper 5% point of y2 is 5.99,
the null hypothesis is not

The values of (0 — E)?/E .
Less Effective Strong re]eCted'
effective effective . . .
Coversyl 5mg 0.168 507 25 * No difference in the patients
Amidile G(Amlodipin 5Smg) 0.034 0.014 0.9 treated b)’ COVGI’S)" S5m g and
Total X° =5.686 . ..
dfof x*=(B-1)2-1) =2 Amidile G (Amlodipin 5mg).

HoT.B., Hoang K.H., Dang T.T., Drug utilization research with pragmaticclinical trials using electronic medical records, PAKDD 20187 1



Hypertension drug effectiveness

L
5mg

odimax | Amidile G
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14
Effective (0.01, 0.55) 20 50
Strong Effective (0.55, 1) 2 1
Less Effective Strongly | Sample size
effective effective
Lodimax 5mg 2 (4.315) 20 (18.876) | 2(0.809) | 24
Amidile G(Amlodipin Smg) |14 (11.685) | 50(51.124) |1(2.191) |65
Total 16 70 3 89
The values of (0 — E)?/E
Less Effective Strong
effective effective
Coversyl 5Smg 1.242 0.067 1.753
Amidile G(Amlodipin 5mg) 0.459 0.025 0.647
Total x4 =4.193
dfof x*=3-1)2-1)=2

Ho T.B., Hoang K.H., Dang T.T., Drug utilization research with pragmaticclinical trials using electronic medical records

Compare Lodimax 5mg vs
Amidile G (Amlodipin 5mg)
using EMRs of hypertension
patients who took only those
drugs for the study.

: pLodimax_lessEff = pAmildileG_lessEff;

pLodimax_Eff = pAmildileG_Eff
pLodimax_strongEff = pAmildileG_strongEff

With d.f.= 2, the tabulet
upper 5% point of y2 is 5.99,
the null hypothesis is not
rejected.

No difference in the
proportion of patients treated
by Lodimax 5mg and Amidile
G (Amlodipin 5mg)
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Acute bronchitis drug effectiveness

Acetyl cystein - Acetyl cystein "
(ESOMEZ 200mg) (Andomuc200mg)

Less effective (0, 0.01) 7 7
Effective (0.01, 0.55) 20 26
Strong Effective (0.55, 1) 1 2
Less Effective Strongly | Sample size
effective effective
ESOMEZ 200mg 7(6.222) |20(20.444) |[1(1.333) |28
Andomuc 200mg 7(7.778) | 26(25.556) | 2(1.667) |35
Total 14 46 3 63
The values of (0 — E)?/E
Less Effective Strong
effective effective
ESOMEZ 200mg 0.097 0.01 0.083
Andomuc 200mg 0.078 0.008 0.0665
Total x° =0.3425
d.fof *=B-1(2-1)=2

Compare ESOMEZ200mg
and Andomuc 200mg using
EMRs of hypertension
patients who took only
those drugs for the study.

: pEsomez_lessEff = pAndomuc_lessEff;

Pesomez Eff = PAndomuc_Eff
pEsomez_strongEff = pAndomuc_st‘rongEff

With d.f.= 2, the tabulet
upper 5% point of y2 is 5.99,
the null hypothesis is not
rejected.

No difference in the patients
treated by ESOMEZ 200mg
and Andomuc 200mg.

Ho T.B., Hoang K.H., Dang T.T., Drug utilization research with pragmaticclinical trials using electronic medical records (to appear) /3



Drug used for acute bronchitis

Drug Code Drug Frequency
Acetyl cystein (Andomuc 200mg) ANDOO1

Acetyl cystein -(ESOMEZ 200mg) ACEO0O03 Gentamicin 3
Cotrimoxazole COTO001 - - - 3
Novahexin 5 ml NOV001 Diaphylin 4.8% '

Peniciin vV Kali SENOOZ Cephalexin 0.5g (medofalexi LD/MDP) 3
Pms-Opxil 500mg CEPO11 Sultasin 0.75g 3
Terpincodein ( Amucopect) TEROO4 Diaphylin 4.8%, Acetyl cystein (Andomuc 200mg) 3
CefaclLor 125 D CEF021

CZfz:ozirne 75n(1)$ngomesco CEFO30 Terpincodei.n ( Amucopect ),Acetyl cyst(?in (Andomuc 200mg) 3
Cephalexin 0.5g (medofalexi LD/MDP) | CEPOO8 Acetyl cystein -(ESOMEZ 200mg), Sultasin 0.75g 3
Diaphylin 4.8% Hung DIAOO12 Acetyl cystein (Andomuc 200mg), Salbutamol 4mg 3
Diaphylin 4.8% DIA Terpincodein ( Amucopect ), Acetyl cystein -(ESOMEZ 200mg) 4
Dren?xol AMBO002 Salbutamol 4mg 5
Pulmlco.rt. PULOO1 Drenoxol, Ventolin Neb Sol 2.5mg/2.5ml 6x5's 5
Gentamicin GENOO2 i I :

Gentamicin GENOO1 Ventolin Neb Sol 2.5mg/2.5ml 6x5's, Pulmicort 7
Medoclor 250mg CEFO0O03 Pulmicort 9
Medotase 10mg(an) MEDO12 Ventolin Neb Sol 2.5mg/2.5ml 6x5's 12
Salbutamol 4mg SAL Gentamicin 12
Salbutamol SAL : I 13
Sultasin 0.75g SUL002 re”,oxod _

Trichopol ETO0G Terpinco e|'n ( Amucopect ) 18
Ventolin 2.5mg VENOO2 Acetyl cystein -(ESOMEZ 200mg) 36
Ventolin Neb Sol 2.5mg/2.5ml 6x5's VENOO1 Acetyl cystein (Andomuc 200mg) 45
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Hypertension drug effectiveness

L
5mg

odimax | Amidile G
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14
Effective (0.01, 0.55) 20 50
Strong Effective (0.55, 1) 2 1
Less Effective Strongly | Sample size
effective effective
Lodimax 5mg 2 (4.315) 20 (18.876) | 2(0.809) | 24
Amidile G(Amlodipin Smg) |14 (11.685) | 50(51.124) |1(2.191) |65
Total 16 70 3 89
The values of (0 — E)?/E
Less Effective Strong
effective effective
Coversyl 5Smg 1.242 0.067 1.753
Amidile G(Amlodipin 5Smg) 0.459 0.025 0.647
Total x4 =4.193
dfof x*=3-1)2-1)=2

Compare Lodimax 5mg vs
Amidile G(Amlodipin 5mg)
using EMRs of hypertension
patients who took only those
drugs for the study.

: pLodimax_lessEff = pAmildileG_lessEff;

pLodimax_Eff = pAmildileG_Eff
pLodimax_strongEff = pAmildileG_strongEff

With d.f.= 2, the tabulet upper
5% point of y2 is 5.99, the null
hypothesis is not rejected.

No difference in the
proportion of patients treated
by Clodimax 5mg and Amidile
G (Amlodipin 5mg)
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé

bénh-thuéc

STT Hoat dong Thoi gian Ngudi phu trach thye hién

5.1 | Tao bang tan suat ttr BADT vé hiéu 4/2016 —9/2016 | GS Ho Ta Bao,

qua ding céc loai thube (*) PGS Lé Thi Ly

5.2 | Phan tich y kién trong BADT vé danh | 4/2016 —3/2017 | GS Ho Ta Bao,

gia hiéu qua dung thube (*) PGS Lé Thi Ly

5.3 | Phét hién hiéu tmg phu cta thudc (*) | 4/2016 —3/2017 | PGS Lé ThiLy,

GS H6 Ta Bao

5.4 | Tim kha niing mdi cua thude da cé (*) | 4/2016—3/2017 | PGS Lé Thi Ly,

GS H6 Ta Bao

Chi tiéu danh gia
Cac phuong phap va budc dau nghién clru quan hé gitra bénh va thudctlr BADT:

» Tao bangtan suat tir BADT vé hiéu qua dung cac loai thudc.
= Phantich y kién trong BADT vé danh gia hiéu qUa dung thudc.

» Phat hién hiéu &rng phu cla thuéc.

* Tim kha nang s&r dung md&i clia thudc di co.
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé
bénh-thudc

5.1 Tao bang tan xuat vé hiéu qua dung thuéc tir BADT

C
| 5mg

oversy | Amidile G
(Amlodipin 5mg)

Less effective (0, 0.01) 2 14
Effective (0.01, 0.55) 9 50
Strong Effective (0.55, 1) 2 1
Less effective | Effective Strong Sample size
effective
Coversyl Smg 2(2.67) 9 (9.83) 2 (0.5) 13
Amidile G(Amlodipin Smg) | 14 (13.33) 50(49.17) | 1(2.5) 65

Total

16

59

3

78

Efficacy

Effectiveness

M& ra mot hudng nghién clru madi vé nghién
ctru lam sang thuc ching: electronic medical
records pragmatic clinical research (EMRPCT)

Ho T.B.,Hoang K.H., Dang T.T., Drug utilization research with pragmatic clinical trials using

electronic medical records (under preparation)
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé
bénh-thudc

5.2 Phan tich y kién trong danh gia hiéu qua dung thuéc tr BADT

Phan Ién cic van ban [dm
sang la y kién clia bac si

- ~ “ § A n Method P(%) R(% F(% R
diéu dudng vé bénh nhan ) ) (%)
O O Reverb 53.19 512 935 2.38
(0]
. . PMI without 4945 731 590 746
Sentence in clinical note | Sentiment S 6 1
label PMI+ Constraint1 () 5427 469 503 4524
There has significant Positive Aspect: ’ ’
improvement in pIeuraI 4//' i PMI + Constraint 2 () 51.05 64;.9 5;.1 67.85
effusion.
PMI + Constraint 3 52.26 569 54.5 59.92
There is moderate Negative (K=40) / !
cardiomegaly. ——1 | Aspect
: Heart

* Dang,Tran-Thai,and Tu-Bao Ho. "Mixture of Language Models Uctilization in Score-Based Sentiment
Classification on Clinical Narratives." [IEA-AIE 2016.
« DangTran Thai, Mixture of language models utilization in score-based sentiment classification on

clinical narratives.Master Thesis
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé

bénh-thudc

5.3 Phat hién hiéu &rng phu cta thudc

.. “o.o.“"‘. —
RO Ty
oo =

© Sieettet

Hé théng mang két ndi

Pham D, Le B.K,,L. Ly, Ho T.B.,System pharmacology:
application of network theory in predicting potential

adverse drug reaction based on gene expression data,
|IEEE Inter. Conf. RIVF 2016,November 7-9,2016.

BIOLOGICAL STATE

OF INTEREST (PROFILES)
(SIGNATURE) & - oo ]
a8 ﬁ () E S e
<« . BF %4 88 %4
(‘ E X .\:/ \:/_ Z .\:/
@ > : query = ;E :E :2 output

\ dO\.N i .

i - ; ;
- = ==
strong weak null strong
positi’ positi’ negative

Make cDNA reverse transcript
Label cDNAs with flucrescent dyes
Ewermsanl Principle of cDNA microarray
ﬁw‘ T assay for gene expression
Q Ei (after Gibson & Muse 2002)
hozafie
) Laser excitation

:ﬁﬁ“ﬂﬂ at dye-specific Hz

== Red = "up-regulation”
<= Green = "down-regulation”
=

REFERENCE DATABASE

Black = constitutive
expression
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé

bénh-thudc

5.3 Phat hién hiéu trng phu cta thudc tir BADT

P(d;*|otz,) =

P(op|ogy) =

P(dg*|0;10t%9) =

P(0}* |0} 10} o) =

C(Ogil ’ d?i)
c(0f2y)
c(ox_1,0k")
(0" 1)
c(0L9,0¢"1,d;")
(04 9,04" 1)
c(0} 9, 0% 1,04")

c(0}L 9, 0% 4)

K

/v"'” VV‘V\\ .

| complication ) Disease
e

B B

Method |Precs |Preclo |Pre015 |Preczo |Pre025 |Pre03o
RR 0.331 0.33 0.33 0.337 0.333 0.339
conf 0.403 0.375 0.386 0.387 0.389 0.39
lev 0.373 0.337 0.343 0.343 0.339 0.335
X test 0.373 0.346 0.356 0.367 0.369 0.363
Sequence-based measure(0.437 [0.447 0.439 |0.439 |0.433 [0.427

Ho T.B, L. Ly, Dang T.T., S. Taewijit. Data-driven Approach to Detect and Predict Adverse Drug Reactions, Current

Pharmaceutical Design Journal,Vol.22,No.23 (May 2016),3498-3526 (SCI).

Dang T.T,, Ho T.B,, Sequence-Based Measure for Assessing Drug-Side Effect Causal Relation from Electronic Medical
Records, Inter. Symp. on Knowledge and Systems Sciences (KSS), Nov 201 7.

-------------------------------- observe---- /
treat  treat ‘
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NOI DUNG 5: Xay dwng cong cu phan tich quan hé
bénh-thudc

5.4 Tim kha nang sir dung md@i cua thudc da co

STEP 1: e PHASE 1
Detection of drug-disease positive causal ]
relations from EMRs (hypotheses on drug Human EMR Triads of sentences Drug-disease pairs

new indications inspection in
) connection to -
Task 1 Task 2 *omics’ and —> (Si_1, Sj, Si+1) MetaMap (Ui’ V])
drug data

Problem 1: Detection | | Problem 3: analysis to
of drug- disease pairs Claseification verify the
f EMRs of causal PHASE 2
rom relations hypotheses
. found on new Activation
found in task indication U, V] are related 4

Problem 2: 1 into hypotheses

function f(wj)
Confirmation of positive ones
causal relations from and negative :’; drugs for
drug-disease pairs ones. - U, V; are unrelated

repositioning.

DE XUATQUA TRINH TiM HIEU UNG MOI CUA THUOC PE XUATLUGQC PO GIATHAIBAITOAN CUA NHIEM VU 1

* Dang,T.T, Ouankhamchan,P,Ho, T.B.,, Detection of New Drug Indications from Electronic Medical Records, |[EEE
Inter. Conf. RIVF 201 6,November 7-9,2016.

* Luan van thac si cla P. Ouankhamchan.



Two problems under investigation

= Recommendation
of treatment
regimens for
patients based on
the past
treatment data
from EMRs

" Construction of
contingency tables from
EMRs for evaluating the
effectiveness of drug
utilization.

" Detection and prediction
of adverse drug reaction
when using multiple drugs
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Support for diagnosis and treatment

- = Compare and = Supportfor
e evaluate interpreting lab
@ - treatment examination data
e . ﬁ:?‘t,:.h:' regiments (anomaly,
r":‘::‘:,;“:,‘;“::‘ = Finding disorders...
E] appropriate = Compare and
. o treatment visualize the
regiments index relations
- * Finding similar in treatement
patients for " Suveillance of the
rare and
B, o N difficult cases treatment process
T
v—-‘_‘—‘—ﬂime = atC. " etc.

period 1 Period 2 period 3
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Learning treatment regimens
Method

EMR with many data types _ ) hidden variables
—— — Fit them into h
s R e e | . Bipartite
| = Encodingeach Restricted Structure
= E ez type Boltzmann
=y Machine
i - = e Image visible variables
OutputEMRs
Use group Learn o _ as hidden
regimen to treatment s D'_V'de patients binary vectors
recommend regimen for into similar

groups
0108011611110610660001180018011601010010681(

08111010008160000611010610811106110810000001°
8101011601010111681101110108011818081011811°
611918000116010101118180611018000110018101°
@a1108100806011811188118111181180881@8118111
601006000111010801101068611801010010008061°
810001161111001000800111601101110101011081°
810101060110180801100101081006000111001101°

the patient & each group

Yot
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Learning treatment regimens

Heterogeneous data

* Disease: coronary artery with no shared commoribity score

= Number of patients : 707

Prescirption table

subject_id  hadm_id .startdate enddate drug_type drug -formulary_drug_cd .dose_val_rx dose_unit_rx .route
13 143045 1/8/670:00  1/9/67 0:00 MAIN Metoprolol METO50 50 mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Atorvastatin ATOR20 20 mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Captopril CAPT25 25 mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Pantoprazole PANT40 40 mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Acetaminophen ACET325 325-650 mg PO
13 143045 1/8/670:00 1/12/67 0:00 MAIN Zolpidem Tartrate AMBI5 5mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Docusate Sodium DOCU100 100 mg PO
13 143045 1/8/670:00  1/9/67 0:00 MAIN Insulin INSULIN 0 UNIT SC
13 143045 1/9/670:00  1/9/67 0:00 MAIN Potassium Chloride MICROK10 40 mEq PO B
itemid charttime
52 2167/1/10
55 2167/1/10
59 2167/1/10
62 2167/1/10
113 2167/1/10
128 2167/1/10
Text data T 2167/1/10
161 2167/1/10
. = - 2167/1/10
History of Present Illness: 55 2167/1/10
This is a 71 year old male with known CAD. He underwent PTCA to 59 2167/1/10

LAD and diagonal in [%%3467%x]. Prior to hernia repair operation, an

ETT in [%x3476-6-16%x] was notable for EKG changes. An ECHO in [x«Month (only) 202%x]
[%x3475%x] was notable for mild MR [xxFirst Name (Titles) xx] [xxLast Name (Titles) 1
estimated at 1.1 cm2 with peak/mean gradients of 34 and 22 mmHg.

The was mild concentric LVH with an LVEF of 60%. He was

subsequently referred for cardiac catheterization. This was

performed at the [xxHospitall 18%x] on [¥x3476-7-6%x]. Angiography showed a right

AR% ctenncic: the rircumflex had a AR% lecinn while the RCA had

1119110]10/0000] 00100 (10000} 0

cgid

20670
20670
20670
20670
20670
20670
20670
20670
20670
20670
20670

value

Full Code

None

Numerical data
valueuom

84 84 mmHg
102 102 mmHg
102 102 mmHg
ik 51 mmHg

8 8 mmHg
12 12 %

70 70 mmHg
109 109 mmHg
106 10§ mmHg
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Learning treatment regimens

Encoding vector & mixed-variate RBM

1652 mixed type features: 1477 binary &155 numerical features

Gender Admission_TypeO Admission_Typel Admission_Type2 Marital_Status-1 Marital_StatusO Marital_Statusl Marital_Status2 Marital_Status3 Marital_Status4 Marital_Status5

1

RRRPRRPRROORRHRRRHEHOORRRRERRRERER

Fit preprocessed data to mixed-variate RBM: h

OR P ORORRELOOORERHR

OO0ORrRFRPROOORKR OOOOOO

1

OO0ORRPROKRORKERRERLOOOORORREROOOORO

P OOOORKR LR OOOOOOOoO

o]

PFROOROROOORRRROROORRRERER

OFPr OO0 O0OO0O0O0O0O0O R R R PP

(o]

O0DO0DO0DODOOOODOOOOOOOOOOOOOO

OO0OO0OO0OkrR OO0OOOOOOOOoO

OO R OO0OO0ODO0OO0OO KRR

o]

OO0OO0OO0O0OO0OO0OO0OODOOOOOOODOOOOOOO

OO0OO0OR LR OORKR OOOOODO

o]

O0OO0OO0OROOODODOOOOODODODODOOOOOO

P OOOORRERRELOOOOODO

1

RFROKROOOORKRRRHERORKRRRRERRERORER

OO0OO0OO0CO0OO0OORRFORFR OO

0o

O0D0DO0DODOOOOOO0OOOOOOOOOO0OOO

ORr P OROORRRRORO

o]

OO0OrRPOOOOFROOOOOKROOOOOOROO

o]

OO0OO0OO0OO0OO0OO0ODOODOOOOOOODODOOOOOO

O0OO0OOCOKRKHEROOOOOOOODODODOOOOOOO

itemid_50
1.183957232
1.183957232
1.183957232
-0.842817013
1.183957232
-0.842817013
1.183957232
-0.842817013
-0.842817013
1.183957232
-0.842817013
1.183957232
1.183957232
-0.842817013
1.183957232
1.183957232
1.183957232
-0.842817013
1.183957232
-0.842817013
-0.842817013
1.183957232
-0.842817013
-0.842817013

itemid_51

0.717319613
0.50409911
0.450793984
0.966076867
0.006584603
1.108223869
0.433025609
-1.414885417
-1.414885417
1.072687118
-1.414885417
1.55243325
0.752856364
-1.414885417
0.415257234
0.912771741
0.699551238
-1.414885417
0.646246112
0.575172611
-1.414885417
0.184268356
0.664014487
1.747885378

itemid_52

0.715479568
0.481893293
0.533801354
0.923111812
0.222352988
1.052881965
0.611663446
-1.412750934
-1.412750934
1.026927934
-1.412750934
1.753640788
0.81929569
-1.412750934
0.663571507
0.845249721
0.507847324
-1.412750934
0.689525537
0.845249721
-1.412750934
0.248307019
0.79334166
0.378077171

itemid_58

2.736176602
-0.285465976
-0.349303495

0.289071697
-0.349303495
-0.455699361
-0.455699361
-0.455699361
-0.455699361

-0.24290763
-0.455699361
-0.200349284
-0.349303495
-0.455699361

-0.24290763
-0.136511764
-0.455699361
-0.455699361
-0.349303495
-0.455699361
-0.455699361
-0.349303495

-0.24290763
-0.455699361

itemid_69

0.665098375
0.635011189
0.595149427
0.850600724
0.76572525
0.70729166
0.689076437
-1.352222445
-1.352222445
0.434582315
-1.352222445
1.051823643
0.876024744
-1.352222445
0.933612825
0.884078322
0.720752078
-1.352222445
0.306759929
0.953355451
-1.352222445
0.493758972
0.715538955
1.01952704

idden nodes: 200, # iterations: 10000

OO0OO0OO0OO0OO0OOKr OOOOR

OO0ORORKRELRLROOOOOOO

OrRr P OOOODOOOR OR R

OO0ORrRrROOOORRFORFR OO

OO0OO0OO0OKrR OORKFR OOORRK PP

OO0OFrPROOOOORKR OR OOR

OO0OO0OO0O0OO0OO0OK OO0OO0OOOo
OO0OO0OO0OFr OO0OO0O0OO0OOoOOOo

OO0OO0OO0OFrR OOREFOOOOLR
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Hoc phac do6 diéu tri
Clustering & Learning treatment regimes

Heterogenous objects fitted into a mixed-variate Restricted Boltzmann
Machines to outputa homogenous latent representation, upon which
clustering is performed to learn action protocol for recommendation

l

b
g ,\'TTT.H?'[M [ﬁ'l

Acefaminophen_54

Asx»i:l “ \ Aspirin EC_9 _A'OMS‘IIL/ >_H\‘
i:l/anpidbnl_Tlnn_S Nitogh xr:n/ _\\s:d\ 0 mi:_S/ meiol_l\ / \

Sodium_Chlor_2
m_Sodium_Chlor_3 _m_Heparin _m_Atorvast Nitroglycerin_S_l
\_Heparin_S

_m_Aforvastati

m_Heparin_Sodi_|

Hoang H., Ho T.B.,, PAKDD 2018.
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Hoc phac do diéu tri

Recommend treatment regimen

Depth
ek L2 | 3 [ 4 | s | 6

Baseline 0375 | 0377 | 0374 | 0.382 | 0.369
Symptom + Nearest 0772 | 0.735 | 0.702 | 0.678 | 0.6597
Symptom + Ensemble 0818 | 0.796 [ 0.758 | 0.728 | 0.703
Treatment (K) + Nearest 0.745 | 0.714 | 0.684 | 0.655 0.638
Treatment (K) + Ensemble | 0.783 | 0.781 | 0.745 | 0.715 0.69
Treatment (A) + Nearest | 0.725 | 0.696 | 0.672 | 0.651 | 0.638
Treatment (A) + Ensemble | 0.784 | 0.775 | 0.737 | 0.707 | 0.682
Dual Ensemble (K) 0815 | 0.795 | 0.758 | 0.729 | 0.708
Dual Ensemble (A) 0814 | 0797 | 0.756 | 0.729 | 0.705

Hoang Khanh Hung and Tu Bao Ho, submitted

The ensemble recommendation
framework achieves better
performance in comparison
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Take home message

» Electronicmedicalrecordsis playinga paradigm
shift in healthcare and medicalresearch: e-health
with data-driven care and research.

* Opennew chancesto learn treatmentregimens.

* Besides genomicdata, EMRsis a goldenresource
for post-market drug study.

" Processing bothclinical dataand paraclinical data
from EMRs will lead to big change in healthcare
and medical research.

Thank you
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