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About myself (cont.) 
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Overview of research topics 

4 

Data (Infrastructure) Knowledge (Discovery) 

Status 
survey 

Database 
construction 

Data 
integration 
& cleaning 

Disease 
marker 

(Bioinfo) 

Drug  safety 
(EMR/Claim) 

Disease 
prediction 
(Bio-signal) 

Disease 
biomarker 

(Actigraphy) 

2011 
- EHR 
adoption 

- HIV - CERT 

2012 
- ECG-ViEW - CLEAR 

2013 
- CMT - PACE 

- ARB-Serum K 

2014- 
2015 

- EHR 
adoption 
(2015 
update) 

- PFT 
- BMD 
- CAG 

- CDM 
- Normali-
zation 

- MAE 
- Statin-NOD 
- Statin-GIB 
- DES-MACE 

2016 
- Bio-signal 
database 

- DRN - Olmesartan 
- DPP4i 

  Sepsis 
prediction 

2017 
 
 

 Alzheimer’s dz 
biomarker 

Published / Accepted Finished / under review On-going 

Analysis 
Algorithms 



목차 

• 의료데이터의 종류와 특징 
• Photographs 

• Narrative textual data 

• Numerical measurement 

• Recorded signal 

 

• 의료데이터 처리 및 분석 사례 
• scan된 이미지 처리 

• 자유기술문 처리 

• EMR로 부터 clinical event 정의 

• 다기관 정보 공유 네트워크 구축 사례 

• 생체신호 분석 사례 
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의료데이터의 이해 - Photographs 

6 

Chest X-ray 

CT & 
3D reconstruction 

Functional MRI 

Cytology image 



의료데이터의 이해 - Photographs 
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Scanned reports - PFT 

Scanned reports - ECG 



의료데이터의 이해 - Narrative textual data 

8 

입원기록지 

방사선 판독 보고서 



의료데이터의 이해 - Narrative textual data 

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

• surgical procedure, consult, 방사선판독보고서, 병리결
과보고서, 퇴원요약지 

 

• 자유기술문 데이터의 특징 
• Loosely coded 
• 약자 혹은 임의의 약자 

• WNL: within normal limit, ROM: Range of motion 
• 표준화되지않거나중복되는약자 

• MI: myocardial infarction or myocardial insufficiency 

• (CS/DM) 

• Complete phrases: loose standards expression 
• Mild dyspnea on exertion, failure to thrive, soft and flat 
• 환자의 이질적 상황을 요약하여 단순한 개념으로 전달하기 위함 
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의료데이터의 이해 – Numerical measurement 
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의료데이터의 이해 – Numerical measurement 

• Laboratory tests (임상병리검사) 
• vital signs (temperature, pulse rate) 

• Physical examination (진찰) 

• Precision Issue 
• 복부진찰에서간크기9cm와10cm 차이를구별할수있는가? 

• serum sodium: 128.94mEq/L ? 

• 몸무게1kg fluctuation/week? 
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의료데이터의 이해 – Recorded signal 
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의료데이터의 이해 - Time 

• 상황에 따라 정확성에 대한 요구도가 달라짐 
• 외래: 날짜 정도만 있어도 충분 

• 응급상황: 
• Diabetic ketoacidosis (당뇨병성케톤혈증): 당뇨병의급성합병증  

분단위로 혈당 측정 

• 심장성쇼크  MAP(평균동맥혈압) 연속측정 
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Database construction 

*ECG: electrocardiogram 
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• Outcome 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 



Database construction 

Characteristics Value 

Patients, n 371401 

Age, years*  42.4 ± 19.2 

RR interval, ms* 853.6 ± 176.4 

QT interval, ms* 385.2 ± 41.6 

QTc (Bazett), ms* 419.4 ± 27.1 

Male 414.9 ± 26.3  

Female 423.9 ± 27.1  

QTc (Fridericia), ms* 407.6 ± 26.2 

QTc (Framingham), ms* 385.3 ± 41.6 

QTc (Bazett) prolongation* 30168 (8.1%) 

Department* 

Health examination 62576 (16.8%) 

Outpatient 194219 (52.3%) 

Emergency 59899 (16.1%) 

 Inpatient 54707 (14.7%) 

Observation period (days)† 502.0 ± 1008.2 

Number of ECG/patient 1.9 ± 2.0 

Medications§ 

No. of classes 911 

No. of prescriptions 37874129 

Laboratory test 

No. of serum potassium 1328621 

No. of serum magnesium 520817 

No. of serum calcium 1063795 
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• Outcome database 1: ECG (cont.) 



Database construction 

Paper results:  
86,327 results 

FEV1 (% pred) FEV1/FVC 

91.3 86.61 

Total : 405,149 results 
(including health examination data) 

Scanned paper results 
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• Outcome database 2: PFT 



Extracting information from PCI reports (1) 



Extracting information from PCI 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 
      (TIMI 0, small vessel) 
  4) RCA: p-mRCA: diffuse irregular up to 55% 
      dRCA: diffuse irregular up to 39% 
 
*Diagnostic angiography 시행 후 acute onset 
chest pain 및 ECG상 ST elevation 소견 보여 
angiography 다시 시행함 
 -> proximal edge에 total occluion 소견 보임 
(TIMI 0, TMPG 0) 
 

PCI 
1.EBU 7/3.5F guiding catheter was used. 
2.Primary PCI was performed. 
3.PCI Descriptions 
 mLAD: predilation with Lacrosse 2.5/20mm(6 atm) 
     -> total occlusion 소견 여전히 보임 
     -> suction with Thrombuster catether 
          (aspiration material: red clot) 
     -> distal edge-dLAD에 diffuse stenotic 
          lesion 보임 (TIMI 1, TMPG 0) 
  distal edge-dLAD: Resolute integrity 2.75/26mm(9 atm) 
 
(*spastic component가 동반된 것으로 판단되어 
stent diameter를 작은 것으로 삽입, 
overlapped with previous stent) 
-> slow flow was seen (TIMI 2, TMPG 1) 
-> IC adenosine 후 호전 
-> Final flow TIMI 3, TMPG 2 
-> far distal LAD에 intraluminal filling 
defect (R/O thrombus) 소견 보임 
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 PCI without complications 



• Diagnostic CAG/r/n/r/n/r/n 1. Rt. Femoral artery approach/r/n/r/n/r/n 2. JL 
6/4F and JR 6/3.5F catheters were used/r/n/r/n/r/n 3. Findings/r/n/r/n/r/n  1) 
LM: normal/r/n/r/n/r/n  2) LAD: pLAD: tubular eccentric 48%/r/n/r/n/r/n          
mLAD: No ISR at previous stented site/r/n/r/n/r/n          distal edge: tubular 
concentric 52%/r/n/r/n/r/n  3) LCX: p-dLCX: diffuse irregular up to 
68%/r/n/r/n/r/n                 (small vessel)/r/n/r/n/r/n          OM: total 
occlusion /r/n/r/n/r/n             (TIMI 0, small vessel)/r/n/r/n/r/n  4) RCA: p-
mRCA: diffuse irregular up to 55%/r/n/r/n/r/n          dRCA: diffuse irregular up 
to 39%/r/n/r/n/r/n/r/n/r/n/r/n  *Diagnostic angiography 시행 후 acute 
onset/r/n/r/n/r/n chest pain 및 ECG상 ST elevation 소견 보여 /r/n/r/n/r/n 
angiography 다시 시행함 /r/n/r/n/r/n  -> proximal edge에 total occluion 소견 
보임/r/n/r/n/r/n     (TIMI 0, TMPG 0)/r/n/r/n/r/n/r/n/r/n/r/nPCI/r/n/r/n/r/n 
1.EBU 7/3.5F guiding catheter was used. /r/n/r/n/r/n 2.Primary PCI was 
performed./r/n/r/n/r/n 3.PCI Descriptions/r/n/r/n/r/n  mLAD: predilation with 
Lacrosse 2.5/20mm(6 atm)/r/n/r/n/r/n      -> total occlusion 소견 여전히 보임
/r/n/r/n/r/n      -> suction with Thrombuster catether/r/n/r/n/r/n        
(aspiration material: red clot)/r/n/r/n/r/n       -> distal edge-dLAD에 diffuse 
stenotic /r/n/r/n/r/n        lesion 보임 (TIMI 1, TMPG 0)/r/n/r/n/r/n  distal 
edge-dLAD:/r/n/r/n/r/n    Resolute integrity 2.75/26mm(9 atm)/r/n/r/n/r/n   
(*spastic component가 동반된 것으로 판단되어/r/n/r/n/r/n    stent diameter를 
작은 것으로 삽입,/r/n/r/n/r/n     overlapped with previous stent)/r/n/r/n/r/n    -
> slow flow was seen (TIMI 2, TMPG 1)/r/n/r/n/r/n    -> IC adenosine 후 호전
/r/n/r/n/r/n    -> Final flow TIMI 3, TMPG 2/r/n/r/n/r/n    -> far distal LAD에 
intraluminal filling/r/n/r/n/r/n     defect (R/O thrombus) 소견 보임 /r/n/r/n/r/n  
far dLAD: PTCA with miniTrek 1.5/15mm(12 atm)/r/n/r/n/r/n/r/n/r/n/r/n  OM: 
PTCA with miniTrek 1.5/15mm(10 atm)/r/n/r/n/r/n     -> final flow TIMI 3, 
TMPG 1/r/n/r/n/r/n 4.Successful PCI without complications/r/n/r/n/r/n 

Extracting information from PCI reports (3) 



Extracting information from PCI reports (4) 

library(stringr) 

PCI<-str_extract(Text,"PCI [Dd]e.*") 

PCI<-gsub("(/r/n *)|(/r/n( */r/n)*)","/r/n ",PCI) 

print(PCI) 

## [1] "PCI Descriptions/r/n   mLAD: predilation with Lacrosse 2.5/20mm(6 atm)/r/n       

-> total occlusion 소견 여전히 보임/r/n       -> suction with Thrombuster catether/r/n         

(aspiration material: red clot)/r/n        -> distal edge-dLAD에 diffuse stenotic /r/n         

lesion 보임 (TIMI 1, TMPG 0)/r/n   distal edge-dLAD:/r/n     Resolute integrity 

2.75/26mm(9 atm)/r/n    (*spastic component가 동반된 것으로 판단되어/r/n     stent 

diameter를 작은 것으로 삽입,/r/n      overlapped with previous stent)/r/n     -> slow 

flow was seen (TIMI 2, TMPG 1)/r/n     -> IC adenosine 후 호전/r/n     -> Final flow 

TIMI 3, TMPG 2/r/n     -> far distal LAD에 intraluminal filling/r/n      defect (R/O 

thrombus) 소견 보임 /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 PCI 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 1:length(PCI)){ 

    if(is.na(PCI[[x]])==T){ 

    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|LAD|L[Cc][Xx]|RCA|PDA|PLV|LM|OM|D1|D2|PLB|[Dd]iagonal)(.{0,8}[:;])")[[1]]) 

    if(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}LAD|LM.{0,5}LCx|Ramus|RI|Dx|LAD|L[Cc][Xx]|RCA|PDA|PLV|LM|OM|D1|D

2|PLB|[Dd]iagonal)(.{0,8}[:;])")) 

    } 

    if(nrow(tv)==1){ 

      tv2<-append(tv2,NA) 

      tv.loc<-append(tv.loc,list(NULL)) 

    } 

  } 

} 

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

print(tv3) 

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



Extracting information from PCI 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|OM2|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 PCI 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(1:nrow(map),function(y)substr(PCI[i],map[y,1],map[y,2]))[-1])) 

  } 

} 

lstring.N<-str.ext 

 

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

 

strings<-unlist(lstring.N) 

print(strings) 

## [1] : " predilation with Lacrosse 2.5/20mm(6 atm)/r/n       -> total occlusion 소견 여전히 보
임/r/n       -> suction with Thrombuster catether/r/n         (aspiration material: red clot)/r/n        -> 

distal edge-dLAD에 diffuse stenotic /r/n         lesion 보임 (TIMI 1, TMPG 0)/r/n   distal edge-d" 

## [1] "PCI Descriptions/r/n   mLAD: predilation with Lacrosse 2.5/20mm(6 atm)/r/n       -> 

total occlusion 소견 여전히 보임/r/n       -> suction with Thrombuster catether/r/n         

(aspiration material: red clot)/r/n        -> distal edge-dLAD에 diffuse stenotic /r/n         lesion 

보임 (TIMI 1, TMPG 0)/r/n   distal edge-dLAD:/r/n     Resolute integrity 2.75/26mm(9 atm)/r/n    

(*spastic component가 동반된 것으로 판단되어/r/n     stent diameter를 작은 것으로 삽
입,/r/n      overlapped with previous stent)/r/n     -> slow flow was seen (TIMI 2, TMPG 1)/r/n     

-> IC adenosine 후 호전/r/n     -> Final flow TIMI 3, TMPG 2/r/n     -> far distal LAD에 

intraluminal filling/r/n      defect (R/O thrombus) 소견 보임 /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 PCI 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] "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" 

## [1] "PCI Descriptions/r/n   mLAD: predilation with Lacrosse 2.5/20mm(6 atm)/r/n       -> total occlusion 

소견 여전히 보임/r/n       -> suction with Thrombuster catether/r/n         (aspiration material: red clot)/r/n        

-> distal edge-dLAD에 diffuse stenotic /r/n         lesion 보임 (TIMI 1, TMPG 0)/r/n   distal edge-dLAD:/r/n     

Resolute integrity 2.75/26mm(9 atm)/r/n    (*spastic component가 동반된 것으로 판단되어/r/n     stent 

diameter를 작은 것으로 삽입,/r/n      overlapped with previous stent)/r/n     -> slow flow was seen (TIMI 2, 

TMPG 1)/r/n     -> IC adenosine 후 호전/r/n     -> Final flow TIMI 3, TMPG 2/r/n     -> far distal LAD에 

intraluminal filling/r/n      defect (R/O thrombus) 소견 보임 /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 PCI reports (7) 

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

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

desyne<-"[Dd]esyne" 

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

vision<-"[Vv]ision" 

zeta<-"[Zz]eta" 

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

driver<-"[Dd]river" 

genoss<-"[Gg]enoss|GENOSS" 

resolute.integrity<-"[Rr]esolute [Ii]ntegrity|[Rr]\\. ?[Ii]ntegrity|[Rr]esolutei 

[Ii]ntegrity|[Rr]esolute ?\\.[Ii]ntegrity|[Rr]esolute [^iI]|[Ii]ntegrity|[Rr]esolute intergrity|[Rr]esolute 

[Ii]|Resolute intetrity|Resolute integriyt“ 

. . . . . . 

##   resolute.integrity biomatrix coroflex.please xience cypher nobori 

## 1                  0         0               0      0      0      0 

## 2                  1         0               0      0      0      0 

## 3                  0         0               0      0      0      0 



Extracting information from PCI 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,")"," 

*?(/r/n){0,3}","(.{0,8}[[:digit:]]{0,1}\\.[[:digit:]]{1,2}.{1,2}[[:digit:]]{1,2})", 

                                           "(@(.{0,8}[[:digit:]]{0,1}\\.[[:digit:]]{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<-unlist(lapply(stent.info2,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     0.00      0 

## 2     2.75     26 

## 3     0.00      0 

## 4     0.00      0 



Extracting information from PCI reports (9) 



특정 질병 유무 및 발생 시기 정의 



• 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. 

• 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, 
glimepiride, linagliptin, metformin, mitiglinide, nateglinide, 
pioglitazone, repaglinide, saxagliptin, sitagliptin, vildagliptin, 
and voglibose) including insulin before the start of 
observations. 

Detecting new-onset DM patients (1) 



• Outcome (NODM) 
• Excludes patients who have T1DM diagnosis codes (E10).  

 

• If patients have T2DM diagnosis codes (E11) 

• the algorithm checks whether their medication 
history met the T2DM treatment standard. 

•   
• In 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 (2) 



Detecting new-onset DM patients (3) 

https://phekb.org/ 



Detecting new-onset DM patients (4) 



Data integration 

http://www.ohdsi.org/ 

33 

• Distributed Research Network 
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OHDSI  
collaborators 

Ajou University School of Medicine 
Albert Einstein College of Medicine 
Ben-Gurion University 
Children’s Hospital of Philadelphia 
Columbia University 
Department of Veterans Affairs 
Drug Safety Research Unit 
Ephir, Inc. 
Erasmus University Medical Center 
Evidera 
IMS Health 
Indiana University School of Medicine 
INSERM 
Intermountain Healthcare 
Janssen Research and Development 
Johnson & Johnson 
LTS Computing LLC 

Maine Medical Center Research Institute 
Massachusetts Institute of Technology 
Medical University of South Carolina 
Merck Research Laboratories 
Montana State University 
National Institutes of Health 
New York University 
Oracle Health Sciences 
Outcomes Insights 
Paxata 
Regenstrief Institute 
Rutgers University 
Siemens Health Services 
Stanford University School of Medicine 
Taipei Medical University 
The Ohio State University College of Medicine 
University of California, Los Angeles 

University of Colorado Denver 
University of Florida 
University of Hong Kong 
University of Messina 
University of New Mexico 
University of Pittsburgh 
University of Pittsburgh School of Medicine 
University of South Australia 
University of Southern California 
University of Texas at Austin 
University of Utah 
University of Utah School of Medicine 
University of Washington 
Vanderbilt University 
WHO Uppsala Monitoring Centre 
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Slide source: courtesy of Dr. Patrick Ryan‘s Presentation: ‘Welcome to the journey: OHDSI Symposium 2015’ 



Diagnosis Laboratory test results 
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Achilles 

CDM 

Ajou EMR 

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



Github.com/OHDSI/ 

 



Github.com/OHDSI/ 

• 69 Repositories (2016-05-13 기준) 
• 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 

• 7 tools for ETL process 

• 10 major repositories 
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http://ami.ajou.ac.kr:8080/AURORA/ 



40 

국제 공동 연구 사례 

(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] 



생체 신호 데이터 분석 사례 

Background - I 



생체 신호 데이터 분석 사례 

Background - II 



생체 신호 데이터 분석 사례 

Background – III-(1) 



생체 신호 데이터 분석 사례 

Background – III-(2) 



- 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. 

생체 신호 데이터 분석 사례 

Ref: Deep Convolutional and LSTM Recurrent Neural Networks for MultimodalWearable Activity Recognition. Sensors 2016, 16, 115 



생체 신호 데이터 분석 사례 

K = 4.2 mEq/L 

1 hr 1 hr 

720 * 10s waveform data 

K = 5.5 mEq/L 

1 hr 1 hr 

720 * 10s waveform data 

Patient 1 

Patient 2 

. 

. 

. 

. 

About 96,000 labeled waveform data 

Train 

Test 

Random 



생체 신호 데이터 분석 사례 

K1 

Labeling 
- <3.5 : 0 
- >=3.5 and <4.0 : 1 
- >=4.0 and <4.5 : 2 
- >=4.5 and <5.0 : 3 
- >=5.0 and <5.5 : 4 
- >=5.5 : 5 

Accuracy? 



생체 신호 데이터 분석 사례 
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Testing Accuracy: 최대 92% 



QnA 

• 윤덕용, MD, PhD 

• www.d-yoon.com 

• d.yoon.ajou@gmail.com 
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