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Abstract As the utilization of medical information increases, many attempts have been made to
incorporate data analysis techniques into the medical field. However, since actual medical data, divided
between various specialties, doctors, and wards, is non-standardized and fragmented, it is often
difficult to utilize it. Because of this, it is essential to perform preprocessing steps to refine the data
into a form suitable for analysis. However, there is little research on practical preprocessing. In this
paper, we designed and detailed a preprocessing process to refine data into a form suitable for analysis.
The process was based on the specific use of data to predict acute kidney injury and reflected the
characteristics of the medical data. Using various preprocessing tasks, classified into data cleaning,
data integration, data transformation, data reduction, and data discretization according to the work
type, we refined the data and confirmed its validity and effectiveness.
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1) Benefit of early detection and nephrologic intervention in critical
ill patients

2) Simple Postoperative-AKI Risk classification in major non-cardio—
vascular surgery
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Table 1 5 Major data preprocessing tasks

- Impute missing value

Data - smooth noisy data
Cleaning - Identify or remove outliers
- solve data inconsistency

Dat: . .
a a' - Integrate multiple databases, files
Integration
- Data normalization
Data

. - Data Summarization
Transformation .
- Data aggregation

Data - Feature Selection

Reduction - Instance Selection
Data - Convert numerical values to

Discretization categorical values
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Table 2 Brief description of raw data

EERER L QEPS B!
Table 3 Primary integration table schema

Dialysis ID, Rx_date, Rx
Kidney Tx. ID, OP_date, OP
Anesthesia ID, OP_date, OP, Anes_type
Dianosis 1D, Dx_date, Dx, Dx_Code
ID, trmt_date, Ex_date, Ex, Ammonia,
Bilirubin
1D, trmt_date, Ex_date, Ex, Calcium,
Glucose
1D, trmt_date, Ex_date, Ex, BUN,
O2SAT, O2CT, BE, PLT, WBC, HCO3
1D, Rx_date, Med_Code, Med
Cyclosporine | ID, Rx_date, Med_Code, Med
Aminoglycoside | ID, Rx_date, Med_Code, Med

Ammonia.t_bil

Ca.glucose

Examination

Colistin

AEsket A o5 AJ2Fle] EAC 7Qgt dE &
o, X 29 “Ammonia.t_bil”, “Ca.glucose”,
tion” 37} TP 27|upb fFALEH, o] HYEo] BT
WA Falg AL 2y ARE V1SS gde]r] W&
o]t} “Ammonia.t_bil”ol= Ammonia®} Bilirubin® ##
HE AA HIET 712313, “Caglucose”dl+= Cal-
cium¥ Glucose$t THHE AAF WIERE 7155 Ao
o & EE A WG9S S86td 7159A ¥, T8
g 94 EE AEsste] 7158tk ARl “Colistin”,
“Cyclosporine”, “Aminoglycoside” 37} 3ol A-¢+=
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“Examina-

%, Cyclosporine& A%
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ZIgke 2 F 574X VES AAste] dHolHE 1AH4
o2 FHSIATHE 3). TF 7L v Ak DI
o] 7|8 7§.E’.(Pat1ent Information) 2)7AF W< (Exa-
mination) % W (Operation) AW WA (Pre-
scription) 5)% ‘?_‘r W (Diagnosis). ©] FolA A A
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volel A @RE AQdsta BT AASA 3
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79 T8 s deF SRR F
3] tlolEjHlo]xe] Astr]Z gtk
A= HlolElHo]& ARE-S 7T

1? Blo] A

e 234 Hol 234
1D, Dept., Patient
Adm. & D/C | DOA(Date of Admission), Information ID, Age, DOA
DOD(Date of Discharge) (Info)
Adm. Info. 1D, adm_date, Bldg. Ex_Date, ID, Hb, Albumin, Creatinine,

Examination eGFR, Sodium, Protein, Hb, BUN, Cr,
(Ex) tCO2, HCO3-, PCO2, pH, Ammonia, Ca,
Glucose, Na, K, Cl, CK, CK-MB, etc.

Operation OP_Date, ID, OP, OP_time, Anes.,
(OP) transfusion

Prescription Rx_Date, ID, RAAS Blocker, colistin,
(Rx) aminoglycoside, cyclosporine, etc.

Diagnosis | 1) Date, I, Dx, Dx_code
(Dx)
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Algorithm 1 Data Cleaning
1: Method Cleaning(table)

2:  FOR EACH record IN table:

3 FOR EACH column IN record:

4: IF column.hasDigit() :

5: IF column.has(”(”) :

6: column < column.split(” (")[1]
7 column - RemoveNonnumerics(column)
& ELSE IF column.has(”-") :

9: column « 0

10: ELSE IF column.has("+") :

11: column « 1

12: ELSE

13: column « NULL

ag 1 o]z doly &Y #A
Fig. 1 Noisy data cleaning process
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Fig. 2 Time series transformation example
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Algorithm 2 Transform to Series
1: Method OperationToSeries()
2:  RES res + SQL('SELECT *
FROM
SELECT ID, DOA FROM Info
5: JOIN Ex
6: USING(ID)
7. FOR EACH row IN res:
8 INT diff « DOA - Ex_Date

9: IF diff < 180:

10: FOR EACH column IN row:

11: SQL('UPDATE Ex_Series

12: SET pre + ’colname(column)’ + ’= column’)
13: ELSE IF diff == -1:

14: FOR EACH column IN row:

15: SQL('UPDATE Ex_Series

16: SET d1_+ ’colname(column)’ + ’= column’)

18: ELSE IF diff == -7:

19: FOR EACH column IN row:
20: SQL('UPDATE Ex_Series
21: SET d7_+ ’colname(column)’ + = column’)

a9 3 AAE g

Fig. 3 Time series transformation

Algorithm 3 Transform to Series(Operation)
1: Method ToSeries()

2 RES res « SQL('SELECT *
3 FROM

" SELECT ID, DOA FROM Info
JOIN OP

6 USING(ID)

7. INT diff «+ DOA - OP_date
8: IF diff < 180:

9: IF row.OP_time > 1:

10: SQL('UPDATE OP Series SET pre_major = 1')

11: ELSE:

12: SQL('UPDATE OP Series SET pre_minor = 17)

13: IF row.Anes. == 'general’:

14: SQL('UPDATE OP Series SET pre_general = 1°)

15: ELSE:

16: SQL('UPDATE OP _Series SET pre_non-general = 1°)

17:

18: ELSE IF diff < -7:

19: IF row.OP_time > 1:

20: SQL('UPDATE OP _Series SET d7_major = 17)

21: ELSE:

22: SQL('UPDATE OP Series SET d7_minor = 1°)

23: IF row.Anes. == ’general’:

24: SQL('UPDATE OP _Series SET d7_general = 1°)

25: ELSE:

26: SQL('UPDATE OP _Series SET d7_non-general = 1°)
Iy 4 % doly W

Fig. 4 Operation data transformation
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Table 4 Diagnosis code integration criteria

Code Disease Result
120 - 125 Ischemic heart disease IH
110 -115 Hypertension HT

E10 - E14 Diabetes diabetes
150 Heart Failure HF
K Liver cirrhosis liver

160 - 169 Cerebrovascular disease cereb
Ja4 COPD COPD

N18 CKD CKD

N17 AKI AKI

C00 - C97 Cancer cancer

B20 - B24 HIV HIV
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Dx Ex Rx opP Algorithm 5 Check Acute Kidney Injury
.|+ + : + . + .
Info Info series series series 1: Method CheckAKI()
2:  RES res + SQL(’SELECT ID, base
‘ 3 FROM CrBaseline
- - A FOR EACH row IN res:
Basic Information 5 RES CrSeries  SQL('SELECT d1.Cr, d2.Cr, ... , d7-Cr
Patient info. Creatinine Diagnosis 6: FROM Integrated
(ID, Age) Baseline (Dx, 11columns) 7 INT AKlres = 0
Time series information after admission (pre~ ~7th) 8: IF d1_Cr > res.base + 0.3 OR d1_Cr > res.base*1.5:
9: AKlres = 1
Examination Prescription Operation 10: ELSE IF d2.Cr > res.base + 0.3 OR d2.Cr > res.base*1.5:
(Ex, 25 columns) | (Rx, 14 columns) | (OP 4 columns) ) ) : ~Cr > xesbase & G > res-basento
11: AKlres = 2
= 12:
a9 5 5% ol 717t 5 ELSE:
Fig. 5 Integrated data schema 14: AKlres = 7
15: IF AKI > 0:
16: SQL('UPDATE Integrated
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Table 5 Prediction results comparison
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