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O| 2| 0| E{2] 0|3} - Photographs

Chest X-ray

CT&
3D reconstruction
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Functional MRI

Cytology image




O| 2| 0| E{2] 0|3} - Photographs

Scanned reports - PFT

Scanned reports - ECG




O|=20|0|E{2| O|8lf - Narrative textual data

27| ZX

Slightly enlarged both kidneys with suspicious mild increased cortical
echogenecities.
Both kidney shape are within normal range.
Ho evidence of hydronephrosis.
Bladder is not remarkable.
— with urine debris.

_ ====== [Conclusion] ======
H|'A|-A‘| Jﬂ'% E__ILA-I 1. R/0 Bilateral renal parenchymal disease.
2. Urine debris.



O|=0|0|E{2] 0|5} - Narrative textual data

« CC, Present illness, Past Hx, Social Hx, Family HXx,
ROS, P/E

e surgical procedure, consult, EEAIM =2 A, 82| Z
DE AN, EIRI R

- A=JI== ol S&

« Loosely coded
o« &I =2 29 CFXL
« WNL: within normal limit, ROM: Range of motion
e UESIE XL HUSEL =AY
 MI: myocardial infarction or myocardial insufficiency
« (CS/DM)
« Complete phrases: loose standards expression
« Mild dyspnea on exertion, failure to thrive, soft and flat
o 2HAC| OI& Y AEts R0t Hest B2 MYol)| |Ig



o|=0|0|E{2| O]5}] — Numerical measurement

Z AN
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o|=0|0|E{2| O]5}] — Numerical measurement

« Laboratory tests (A 2|24 A})
o vital signs (temperature, pulse rate)

« Physical examination (&l &)

* Precision Issue
« SRANEFUHANZ2EAII9cm210cm KO EFE
e serum sodium: 128.94mEq/L ?
« 32 1kg fluctuation/week?

o

A=D1
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o| 2 |0|E{2] 0|5}f — Recorded signal
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Database construction

 Qutcome database 1: ECG
 The QT interval data is essential for surveillance of the proarrhythmia potential
of drugs (the second most common cause of withdrawal)
* However, many ECG records are still stored as printed documents

*ECG: electrocardiogram
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Database construction

* Qutcome database 1: ECG (cont.)

Characteristics
Patients, n
Age, years”
RR interval, ms*
QT interval, ms*
QTc (Bazett), ms®
Male
Female
QTc (Fridericia), ms”
QTc (Framingham), ms”
QTc (Bazett) prolongation®
Department”
Health examination
Outpatient
Emergency
Inpatient
Observation period (days)’
Number of ECG/patient
Medications?®
No. of classes
No. of prescriptions
Laboratory test
No. of serum potassium
No. of serum magnesium
No. of serum calcium

Value
371401
42.4+19.2
853.6+176.4
385.2+41.6
419.4 £ 27.1
414.9 +26.3
4239 +27.1
407.6 £ 26.2
385.3+41.6
30168 (8.1%)

62576 (16.8%)
194219 (52.3%)
59899 (16.1%)
54707 (14.7%)
502.0 + 1008.2
1.9+2.0

911
37874129

1328621
520817
1063795
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Database construction

* Qutcome database 2: PFT

Scanned paper results

]
[ OCR |
Parsi Tg
Paper results: FEV1 (% pred) FEV1/FVC
86,327 results
91.3 86.61

Total : 405,149 results
(including health examination data)
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Extracting information from PCl reports (1)



Extracting information from PCl reports (2)

Diagnostic CAG
1. Rt. Femoral artery approach
2.JL 6/4F and JR 6/3.5F catheters were used
3. Findings
1) LM: normal
2) LAD: pLAD: tubular eccentric 48%
mLAD: No ISR at previous stented site
distal edge: tubular concentric 52%
3) LCX: p-dLCX: diffuse irregular up to 68%
(small vessel)
OM: total occlusion
(TIMI1 0, small vessel)
4) RCA: p-mRCA: diffuse irregular up to 55%
dRCA: diffuse irregular up to 39%

*Diagnostic angiography A| @ = acute onset
chest pain 3! ECG2! ST elevation 271 20
angiography CtA| A|gligt

-> proximal edge0f| total occluion 2~ 74 E &l
(TIMI 0, TMPG 0)

PCI
1.EBU 7/3.5F guiding catheter was used.
2.Primary PCl was performed.
3.PCI Descriptions
mLAD: predilation with Lacrosse 2.5/20mm(6 atm)
-> total occlusion 274 0 M35 £ &
-> suction with Thrombuster catether
(aspiration material: red clot)
-> distal edge-dLADO]| diffuse stenotic
lesion & Q! (TIMI 1, TMPG 0)
distal edge-dLAD: Resolute integrity 2.75/26mm(9 atm)

(*spastic component?} SHtEl Z{O 2 TIEHE| O
stent diameterE 22 74O 2 491

overlapped with previous stent)

-> slow flow was seen (TIMI 2, TMPG 1)

->|C adenosine & @ X

-> Final flow TIMI 3, TMPG 2

-> far distal LADO{| intraluminal filling

defect (R/O thrombus) 2~74 E €l

far dLAD: PTCA with miniTrek 1.5/15mm(12 atm)
OM: PTCA with miniTrek 1.5/15mm(10 atm)

-> final flow TIMI 3, TMPG 1

4.Successful PCl without complications



Extracting information from PCl reports (3)

. D|agnost|c CA /r/n/r/n/r/n Rt. Femoral artery approach/r/n/r/n/r/n 2. JL
6/4 JR 6/3 5F cat ters were use d/r/n/r/n/r/n 3. Fin m/gs/r/n r/n/r/n 1)
LM: normal/r/ /r/n/t/n 2? LAD: pLAD: tubular eccentric 4 %/r/n/r/n/r/n
mLAD: No ISR at previous stented S|te/r/n/r/n/r/n distal edge: tubular
concentric 52 oo/r/n/r/n/r/n 3) L p—dLCX: djffuse irregular up to
68%/r/n/r/n/r/ (small vessel)/r/n/r/n/r/n OM: total
occlusion /r/n/r/n/r/n IMI' O, smal| vessel)/r/n/r/n/r/n 4) RCA: p-
mR diffuse jrregular up to 55%/r/n/r/n/r/n dRCA ;d|fiuse |rregu|ar up
to 39%/r/n/r/n/r/n r/n// /r/n *D |agnost|c angiograp 3/ A8 S gcute
onset/r/n/r/n/r/n c es t;pa n 2 ECGA ST elevation 2 oy 1 &0 Tr/n/r/n/r/n
anglo raphy CHAl %'jo /r/n r/n/r/n —> proximal e /g )tot al occluion &4
/r n/r/n/ /n Tl O TMPG 0 /r/n/r/n/r/n/r/n/r n/r Cl/r/n/r/n/r/n
EBU 7/3.5F qu |d|n/g r was used / // / mary PCl| was
erformed /r/ // r’n 3 Descnphons r/n/r/n/r/n mLAD predilation with
acrosse 2 5/ Omm(6 t )Y/r/n/r/n/r/n total occlusion A3 (&0l E&
fr/n/rin/r/n -> suctlon with Thrombuster catether/r/n/r/n/r/n
(aspiration material: red clot)/r/n /r n/r/ > dis S dge—dLADO| diffuse
stenotic /r/n/r/n/r/n lesion E%{ (TII\/II 1, TI\/IPG 0 /r/n/r/n/r/n distal
dge—-dLAD: /r/n/r/n/r/n Resolute mtegnt\tf 2. 75/26m 5 atm)/r/n/r/n/r/n
i*s(gastlc component)t SBt=l 2102 BFEHE| O /r n/r/n/r n stent diameters
agel /r/n/r(n V with previous stent)/r/n/r/n/r/n
> sTow flow was seen (TIM| r/n/r/n —> |C adenosine £ 3 &

D
A0 Ol
(2) rt]rr%r/nrt/)rL1J/Sr)/n/r/n/r/nc/]r%//rr];r/ é)
/r/n/r/n =>final flow TIMI 3

t complications/r/n/r/n/r/n

>

—no
=
o8

/r/n/r/n/r/n  —=> Final flow
intraluminal filling/r/n/r/n/t/n d
far dLAD: PTCA with miniTrek 1.5
PTCA W|th miniTrek 1.5/15mm
™ 1/r/n/r/n/r /n 4.Success

—_——~—L
C —_.



Extracting information from PCl reports (4)

library(stringr)

PCI<-str_extract(Text,"PCI [Dd]e.*")
PCI<-gsub(""(/r/n *)|(/rIn( */r/n)*)","[r/n ",PCI)
print(PCl)

## [1] "PCI Descriptions/r/n  mLAD: predilation with Lacrosse 2.5/20mm(6 atm)/r/n
-> total occlusion &~74 ®§ XS] E /r/n -> suction with Thrombuster catether/r/n
(aspiration material: red clot)/r/n -> distal edge-dAD Q| diffuse stenotic /r/n
lesion 2 & (TIMI 1, TMPG 0)/r/n distal edge-dLAD:/r/n  Resolute integrity
2.75/26mm(9 atm)/r/n  (*spastic component7} SHt=l 71O 2 TEFE|Of/r/n  stent
diameter£ A2 Ao = &, /r/In  overlapped with previous stent)/r/n  -> slow
flow was seen (TIMI 2, TMPG 1)/r/n  ->IC adenosine & @ X /r/n  -> Final flow
TIMI 3, TMPG 2/r/n  -> far distal tLABO]| intraluminal filling/r/n  defect (R/O
thrombus) &~ 74 &2 /r/n far dLAD: PTCA with miniTrek 1.5/15mm(12 atm)/r/n
OM: PTCA with miniTrek 1.5/15mm(10 atm)/r/n  -> final flow TIMI 3, TMPG 1/r/n
4.Successful PCI without complications/r/n "



Extracting information from PCl reports (4)

(Step 1) Extracting all words between "new-line (\n)" and ":" in order to find the target
vessels of the Percutaneous Coronary Intervention

tv.loc<-list()

tv2<-list()

for(x in 1L:length(PCI)){
if(is.na(PCI[[x]])==T)X
tv.loc<-append(tv.loc,list(NULL))
tv2<-append(tv2,list(NA))

¥

if(is.na(PCI[[x]])==F){
tv<-rbind(c(0,0),str_locate_all(PCI[[X]],

"(LM.{0,5}LAD|LM.{0,5}LCx|Ramus|RI|Dx|LADI|L[Cc][Xx]|RCA|PDAIPLV|LM|OM|D1|D2|PLB|[Dd]iagonal) (.{0,8}[:;1)"MILID
iIf(nrow(tv)!=1){
tv2<-append(tv2,list(sapply(2:nrow(tv),function(y)substr(PCI[[x]],tv[y.1].tv[y,2]))))
tv.loc<-
append(tv.loc,str_locate_all(PCI[[x]],"(LM.{0,5}LADI|LM.{0,5}LCx|Ramus|RI|Dx|LAD|L[Cc][Xx]|RCA[PDA|PLV|LM|OM|D1|D
2|PLB|[Dd]iagonal)(.{0,8}:;1)™)
¥
if(nrow(tv)==1){
tv2<-append(tv2,NA)
tv.loc<-append(tv.loc,list(NULL))
by
by
by

tv3<-unlist(tv2)[complete.cases(unlist(tv2))]
print(tv3)

## [1] "LAD:" "LAD:" "LAD:" "OM:"



Extracting information from PCl reports (5)

(Step 2) Matching the extracted words with pre-defined vessel categories

lesions<-tv3

RCA<-grepl("PDA|PLB|PLV|RCA",lesions)
LM<-grepl("LM",lesions)
LAD<-grepl("LAD|D[12xX]|[Dd]?iagonal”,lesions)
LCx<-grepl("OM|RI|OM1|OMZ2|Ramus|Raus|LCX|LCx|Lcx",lesions)

lesions[RCA]<-"RCA"
lesions[LCX&!LM]<-"LCx"
lesions[LAD&!LM]<-"LAD"
lesions[LAD&LM]<-"LM-LAD"
lesions[LCx&LM]<-"LM-LCx"
lesions|[LM&!LCx&!LAD]<-"LM"
print(lesions)

## [1] "LAD" "LAD" "LAD" "LCx"



Extracting information from PCl reports (6)

(Step 3-1) Extracting all words between the detected vessel names or between the
detected vessel name and the end of report

str.loc<-tv.loc

good<-lapply(str.loc,function(x)length(x)>0)
str.loc[unlist(good)]<-lapply(str.loc[unlist(good)],invert_match)

str.ext<-list()
for(i in 1:length(str.loc)){
if(length(str.loc[[i]])==0){

str.ext<-append(str.ext,list(NULL))

¥

if(length(str.loc[[i]])!=0){
map<-str.loc[[i]]
map[nrow(map),2]<-10000

str.ext<-append(str.ext,list(sapply(;

¥
¥

Istring.N<-str.ext
lengths.N<-sapply(str.ext,length)

strings<-unlist(Istring.N)
print(strings)

## [1] : " predilation with Lacrosse 2.5/20mm(6 atm)/r/n  ->total occlusion 274 0§ X S| &E

————————————————————————————————————————————————————————————————————————————————————————————

| ## [1] "PCI Descriptions/r/n mLAD: predilation with Lacrosse 2.5/20mm(6 atm)/r/n ->
 total occlusion 274 6§ S| HQ/r/n  -> suction with Thrombuster catether/r/n

(aspiration material: red clot)/r/n -> distal edge-dLLADO| diffuse stenotic /r/n
'+ HQl (TIMI 1, TMPG 0)/r/n distal edge-dLAD:/r/n  Resolute integrity 2.75/26mm(9 atm)
' (*spastic componentZ} SHtEl 74O 2 THEEE|Of/r/n stent diameterE 22 Ao 2 &
+ 2,/rin overlapped with previous stent)/r/n  -> slow flow was seen (TIMI 2, TMPG 1)/r/n
i -> IC adenosine & @ F/r/n ->Final flow TIMI 3, TMPG 2/r/n  -> far distal LADO|
intraluminal filling/r/n  defect (R/O thrombus) &~ 74 E &l /r/n far dLAD: PTCA with

miniTrek 1.5/15mm(12 atm)/r/n OM: PTCA with miniTrek 1.5/15mm(10 atm)/r/n  -> final
flow TIMI 3, TMPG 1/r/n 4.Successful PCI without complications/r/n *

Q/r/In  ->suction with Thrombuster catether/r/n (aspiration material: red clot)/r/n ->
distal edge-dLADO| diffuse stenotic /r/n lesion £ & (TIMI 1, TMPG 0)/r/n distal edge-d"



Extracting information from PCl reports (7)

(Step 3-2) The terms that come before "mm"

unlist(str_extract_all(PCI,"([[:alnum:]]* {3} [:digit:]]\\.[[:digit:]]{0,2}/[[:digit:]]{2}mm"))

 ## [1] "PCI Descriptions/r/n mLAD: predilation with Lacrosse 2.5/20mm
A7 ™S EQr/n ->suction with Thrombuster catether/r/n (aspir
i > distal edge-dLADO| diffuse stenotic /r/n lesion 2 & (TIMI 1, TMPG 0)/r\y distal edge-dLAD:/r/n
\ Resolute integrity 2.75/26mm(9 atm)/r/n  (*spastic component?} SHtEl 74 © 2 WEHE|Of/r/n  stent
diameterE 22 249 2 4@l /r/n  overlapped with previous stent)/r/n  -> slowAflow was seen (TIMI 2,
i TMPG 1)/r/n  ->1C adenosine £ @ ™/r/n  ->Final flow TIMI 3, TMPG 2/r/n  |-> far distal LADO|

+ intraluminal filling/r/n  defect (R/O thrombus) 2~ 74 E @l /r/n far dLAD: PTCA with miniTrek

: 1.5/15mm(12 atm)/r/n OM: PTCA with miniTrek 1.5/15mm(10 atm)/r/n  -> final flow TIMI 3, TMPG

. 1/r/n 4.Successful PCI without complications/r/n "

## [1] "predilation with Lacrosse 2.5/20mm"
## [2] " Resolute integrity 2.75/26mm™

## [3] "PTCA with miniTrek 1.5/15mm"

## [4] "PTCA with miniTrek 1.5/15mm"



Extracting information from PCl reports (7)

(Step 4) Matching the extracted words with pre-defined stent names

coroflex.isar<-"[Cc]oroflex [li][Ss][Aa][Rr]"

desyne<-"[Dd]esyne"

osiro<-"[Oo]siro|[Oo]rsiro"

vision<-"[\V/v]ision"

zeta<-"[Zz]eta"

coroflex.blue<-"[Cc]oro[Ff]l?ex ?[Bb]lue|Cofoflex Blue|Corofelx blue"
driver<-"[Dd]river"

genoss<-"[GgJenoss| GENOSS"

resolute.integrity<-"[Rr]esolute [li]ntegrity|[Rr]\\. ?[li]ntegrity|[Rr]esolutei
[li]ntegrity|[Rr]esolute ?\\.[li]ntegrity|[Rr]esolute [*il]|[li]ntegrity|[Rr]esolute intergrity|[Rr]esolute
[Ii]|Resolute intetrity|Resolute integriyt*

## resolute.integrity biomatrix coroflex.please xience cypher nobori
#H 1 0 0 0O 0 0 O
H 2 1 0 0O 0 0 O
## 3 0 0 0O 0 0 O



Extracting information from PCl reports (8)

(Step 5) Extracting the diameter and length information following the detected stent
names (two numbers followed by "mm", which are separated by "/").

stent.info.l<-NULL
for(i in 1:length(strings)){
new.l<-str_extract_all(strings[i],paste0("(",names,")","
*?(/rin){0,3}","(.{0,8}[:digit:]]{0,1 H\.[[:digit:]]{ 1,2} .{1,2}[[.digit:]]{1,2})",
"(@({0,8}[[:digit:]{0,1 P\ [[:digit:T{1,2}.{1,2}[[:digit:]{1,2}))?"))
stent.info.l<-c(stent.info.l,list(new.l))

}

stent.info<-lapply(stent.info.l,unlist)
stent.info2<-lapply(stent.info,function(x)str_extract(x,"[[:digit:]].*"))
stent.info2[sapply(stent.info2,length)==0]<-0
s.diameter<-un|ist(lapply(stent.inf02,function(x)str_extract(x,[:digit:] \\.[[:digit:][{1,2}")))
s.length<-unlist(lapply(stent.info2,function(x)str_extract(x,"[[:digit:]][{2}$[)))
s.diameter[is.na(s.diameter)==1]<-0

s.length[is.na(s.length)==1]<-0
info<-data.frame(as.numeric(s.diameter),as.numeric(s.length))
colnames(info)<-c("Diameter","Length")

print(info)

## Diameter Length
#1 000 O
#2 275 26
#3 000 O
#4 000 O



Extracting information from PCl reports (9)
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Detecting new-onset DM patients (1)

* Inclusion

Patients who visited the subject hospital more than once,
regardless of outpatient visits or hospitalization

Patients who had more than 1 fasting glucose measurement
before the start of observation.

e Exclusion

Patients with abnormal random glucose levels (=200mg/dL)
Patients with abnormal fasting glucose levels (=126mg/dL)

Patients with abnormal hemoglobin A1c (HbA1c) results
(=6.5%)

Patients with ICD—-10 diagnosis codes related to diabetes
(E10-E14)

Patients who had received a prescription for diabetes
medication(s) (acarbose, gemigliptin, glibenclamide, gliclazide,
aglimepiride, linagliptin, metformin, mitiglinide, nateglinide,
pioglitazone, repaglinide, saxagliptin, sitagliptin, vildagliptin,
and voglibose) including insulin before the start of
observations.



Detecting new-onset DM patients (2)

e Qutcome (NODM)

« Excludes patients who have T1DM diagnosis codes (E10).

« |f patients have T2DM diagnosis codes (E11)

e the algorithm checks whether their medication
history met the T20M treatment standard.

* |n cases without T2DM diagnosis codes
 patients who received medication(s) for T2DM

 and had abnormal glucose or HbA1c results
were identified as T2DM patients

 The earliest time at which patients met the algorithm was
considered the time the event occurred.



Detecting new-onset DM patients (3)

https://phekb.org/



Detecting new-onset DM patients (4)




Data integration

e Distributed Research Network

Source 1

Analysis
method

Source 2

http://www.ohdsi.org/

Source 3

000

Analysis
results




OHDSI
collaborators

Ajou University School of Medicine
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Ben-Gurion University
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Columbia University
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Erasmus University Medical Center
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University of Hong Kong

University of Messina

University of New Mexico
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Vanderbilt University

WHO Uppsala Monitoring Centre



Drug safety surveillance

Device safety surveillance Health economics
Vaccine safety surveillance
Person
ob r od Standardized health system data Standardized meta-data
servation_perio qd
Location < Care_site CDM_source
Specimen N
Provider
Death M Concept
> Payer_plan_period % Vocabulary
o Visit_occurrence M’ =
= o
= .
<] I Visit_cost a Domain
T B &
O Procedure_occurrence g Concept_class g
c > Q.
S | Procedure_cost o =
= Concept_relationship o
g Drug_exposure S g'
N o ) ) o
'-§ I Drug_cost § Relationship g
[¢+] . 0
Device_exposure o
-g _| P M\ 3 Concept_synonym o
. o c
i Device_cost a B
e Concept_ancestor g-
Condition_occurrencew w »
[
\\ Cohort - Source_to_concept_map
>
Measurement i o %
; )
\ — Cohort_attribute g -gt_ Drug_strength
N
Condition_era o 3
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> Observation o Z -
Drug_era Dose_era E - .
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Slide source: courtesy of Dr. Patrick Ryan‘s Presentation: ‘Welcome to the journey: OHDSI Symposium 2015’



http://ami.ajou.ac.kr:8080/

Ajou EMR
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Diagnosis Laboratory test results

Achilles
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Github.com/OHDSI/




Github.com/OHDSI/

» 69 Repositories (2016-05-13 J| =)
« 17 suspended/stopped or invalid projects
« 52 valid repositories
* 9 web apps, 1 server tier project
2 unified web app projects
23 methods and libraries
/ tools for ETL process
10 major repositories



http://ami.ajou.ac.kr:8080/AURORA/
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(NIDDM) Treatment Pathway / 7 institutes (2 hundred million)

Hripcsak et al.
Characterizing treatment pathways at
scale using the OHDSI network.
Proc Natl Acad Sci U S A. (PNAS)
2016 Jun 6. pii: 201510502.
[Epub ahead of print]
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Ann Emerg Med. 1991 Nov;20(11):1229-32.

The ability of physicians to predict hyperkalemia from the ECG.

Wrenn KD, Slovis CM, Slovis BS.

# Author information

Abstract
STUDY OBJECTIVE: To determine whether physicians blinded to the serum potassium level can predict hyperkalemia (potassium

concentration of more than 5.0 mmol/L) from the ECG.

DESIGN: ECGs of patients at high risk for hyperkalemia were interpreted retrospectively by two physicians blinded not only to the specific
clinical diagnosis of the patient and to their serum potassium measurement but also to each other's interpretation. The physicians predicted
the presence or absence of hyperkalemia as well as the severity of hyperkalemia on a nominal scale (mild, moderate, or severe).

SETTING: The emergency department of a university-affiliated urban county hospital.

PATIENTS: Two hundred twenty consecutive patients admitted to the hospital from the ED with a diagnosis of renal failure or hyperkalemia.
Eighty-seven patients had hyperkalemia, and 133 did not.

RESULTS: The sensitivities of the readers for predicting hyperkalemia were .43 and .34, respectively (best positive predictive value, .65). The
respective specificities for detecting hyperkalemia were .85 and .86 (best negative predictive value, .69). When only patients with moderate-
to-severe hyperkalemia (potassium of more than 6.5 mmol/L) were analyzed, sensitivities were .62 and .55. The readers' ability to predict the
severity of hyperkalemia was equally poor.

CONCLUSION: The ECG is not a sensitive method of detecting hyperkalemia, even in high-risk patients. The specificity of the ECG is better
for hyperkalemia, but empiric treatment of hyperkalemia based on the ECG alone will lead to mistreatment of at least 15% of patients.
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- A deep learning framework composed of convolutional and LSTM recurrent layers
- That is capable of automatically learning feature representations and modelling the temporal

dependencies between their activation.

Ref: Deep Convolutional and LSTM Recurrent Neural Networks for MultimodalWearable Activity Recognition. Sensors 2016, 16, 115
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Testing Accuracy: Z|CH 92%
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