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Abstract

In ICU (intensive care unit , ICU), occurrence of acute hypotension
episode (AHE)tendstocauseseriousconsequencestothe patientandcause
irreversible damage to organs, exhaustion, even endanger the patient's
life.  The predictability of judgment IS mainly based on the doctor's
experience in clinical ly ,becauseoftheshortageofICUmedicalresources
current ly , a serious shortage of manpower and the lack of directly
observed effect ive symptom before the occurrence of  acute hypotension
episodes, sothe medicalstaffisdifficultto findthe acutehypotension
patients timely, resulting in the patient's survival rate is low.

There is a large number of clinical data about patients inIC U
including the patient's signs in real time data, such as the patient's
blood pressure, pulse, respiration, inthe rapid development of computer
technology today, if we make use of the computer aided diagnosis,
predict ing the occurrence of acute hypotens ion inadvance, it willwin
precious time for the doctor's diagnosis, thereby reducing the patient
mortality.

In order to realize the prediction of acute hypotension, this paper
takes an algorithm based on the gene  expression programming (&P) and
random forest (RF). Can be divided into four steps: 1.The mean arterial
pressure (MAP)signalsareanalyzedbyempiricalmode decomposition(EMD);
2. Thealgorithmobtainsfeatures ofthe signalthrough the IntrinsicMode
Function (IMF) signal produc  ed by applying empirical mode decomposition
(EMD) to the arterial blood pressure (MAP) signal instepl; 3.Thenthe
feature sets and the data sets are grouped to evolve decision functions
via GEP. 4. Finally, a random forest is formed and the classificatio n

resultisobtainedbyvoting. Theachievedaccuracy oftheproposed method
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IS 77.55%, the sensitivity is 80.55% and specificity is 75.14% after the

five -fold cross -validation.

Keywords Acute hypotensive episode ; Empiricalmode decomposition ;G ene

expression programming Random forest
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Info( ) = 5/14 * [ 2/5 * 10g2(2/5)i 3/5 * log2(3/5)] + 4/14 * [- 4/4 * log2
(4/4) - 0/4 * 10g2(0/4)] + 5/14 * [- 3/5 * log2(3/5)i 2/5 * log2(2/5)] = 0.694

Info( ) = 414 * [ 2/4 * log2(2/4) T 2/4 * log2(2/4)] + 6/14 *[ - 4/6 * log2
(4/6) - 2/6 * 10g2(2/6)] + 4/14 * [- 3/4 * log2(3/4)i 1/4 * log2(1/4)] = 0.911

Info( ) = 7/14 * [ 3/7 * 1og2(3/7) 1 47 * log2(4/7)] + 7/14 * [- 6/7 * log2
(6/7) - 1/7 * log2(1/7)] = 0.789

Info( ) = 6/14 * [ 3/6 * log2(3/6)1 3/6 * log2(3/6)] + 8/14 * [- 6/8 * log2
(6/8) - 2/8 * log2(2/8)] = 0.892

~

TonT oy ¥ e W H v’ "
1 Gain( ) = Info(D) - Info( ) = 0.940- 0.694 = 0.246
2  Gain( ) = Info(D) - Info( ) = 0.940- 0.911 = 0.029
3 Gain( ) = Info(D) - Info( ) = 0.940- 0.789 = 0.151
4 Gain( ) = Info(D) - Info( ) = 0.940- 0.892 = 0.048
T ID3 T H v T
Yy H v A
VY H N 1| E 15 Ne H Splotinfo. y H V'
T° 3Bebv i T 5@ - 5@ - 4@ -

H( ) =-5/14 * log2(5/14) 5/14 * log2(5/14) 4/14 * log2(4/14) = 1.577
T° 3Bebv i T 4@ T 6a R ¥
Y 1
H( ) =-4/14 * log2(4/14) 6/14 * log2(6/14) 4/14 * log2(4/14) = 1.56

T 2e0v 1 T 7@ Ny 7@ R VR

H( ) =-7/14 * log2(7/14) 7/14 * log2(7/%) = 1.0
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T° 2ebv 1T 6@ v 8 R R
H( ) =- 6/14 * log2(6/14) 8/14 * log2(8/14) = 0.985

I E 16 @ H * w IGRA !
IGR(  )=lInfo( )/H( )=0.246/1.577=0.55
IGR( )=lInfo( )/H( )=0.029/1.5%=0.019
IGR( )=Info( )/H( )=0.151/1.0=0.151

IGR( ) =Info( )/H( )=0.048/0.985 = 0.0
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t Nnq
R
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A Ne

>
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3 GEPRA q

GEPRF Algorithm
Input :
-t: the number of trees,
-D: the training data set,
-F: the feature set,
-m: the size of subset of the feature
-g: the generation oGER A S @2 dzii A 2y

Output:
-A random forest RF

Method:

For i=1 totdo

Grouping the data set as in Figure 6.
Grouping the feature set as in Figure 7.
Tree(i) =evolveTree®;,F;,q);

End for

RF is obtained with the set of trees with
thenumber of t

ok wbhpE

FunctionevolveTrees()

1. Initialize the population
2. Fori=1togdo
3. Evaluate the fitness of individualspopulation
4. Keep the best individual through elitistnategy
5. Apply genetic operations
6. Whetherthepopulationis convergence
7. End for
8. Obtain a tree from theest individual of all the
generations
T° " vy ¥ GEPRF Tt- T_
T m g . 9 A ¥
23 Ne ~ oiTD0
24 Ne ~ F1TEH
No n
_ T° ®A | Ve i T
Y ¥ er” G b i |
py [ gq H A 76 A
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4.2 a 1
G PhysioNet MMIC- n ) T
1599 i1 T 799 AHE ABFH™ ~ 800 ABRH™ A &  H”
W MAR™ A MAP EMDe 0 A T 5 "1
z” T_ @ 45 ¢ IMFs A H°T § 77a”
Ne v @ w 30A  _ a 7
4. _ a
@ 1 Y 0.1
100 y 0.1
10 3 0.3
0 1000 | { 0.3
i 0.1 |py 0.1
P - + -1 /,sin,cos,tan,cot,exp
fr,f2,1,f76,f
Y %o ACC SE SP Al T ACC,SE,SP "
00 T cp
YO —— " ¢Q
Y0 S8
i T TP,FP,TN,FNNe# u T X - T X A 6 WaHNe
T wF A Wae ©° F 3 " ~ True
positive ~ ,3 u ~ TPA D Y HuX ~ False
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3 X " FNA
oA 5 1 T T ACC,SE,SP N -
T Wiw5b5 "1 [ ‘
571
Training set
Time First Second Third Forth Fifth Average
Precisio validation | validation | validation | validation | validation | validation
ACC 0.7852 0.7648 0.8016 0.7727 0.7945 0.7837
SE 0.8225 0.8146 0.8029 0.7910 0.8094 0.8081
SP 0.7553 0.7292 0.8003 0.7575 0.7798 0.7644
= T "y F 7 1 %o
78.37% 4 80.81% W 76.44%\
5 1 T ACC,SE,SP n 1T Wiwb5 i
[ :
61
Testing set
Time First Second Third Forth Fifth Average
Precisio validation | validation | validation | validation | validation | validation
ACC 0.7524 0.8245 0.7524 0.7962 0.7524 0.7755
SE 0.7635 0.8786 0.7607 0.8786 0.7462 0.8055
SP 0.7427 0.7821 0.7436 0.7318 0.7566 0.7514
C: 2Ty F [ % W 77.55%
W 80.55% W 75.14%
G 7 -
“yiop CART A5
n A
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7 LTt
Training set
Algorithm
GEP GEPRF RF
Precision
ACC 0.7803 0.7837 0.6938
SE 0.8089 0.8081 0.6870
SP 0.7575 0.7644 0.7009
CouTy [ e ACC SP
¢ GEP ~ b W G
't GEPRF ACC,SE,SR @ G
Vl ¢
8 biT
Testing set
— Algorithm GEP GEPFRF RF
Precision
ACC 0.7705 0.7755 0.7289
SE 0.7975 0.8055 0.7297
SP 0.7478 0.7514 0.7284
0Ty ¥ o6
77.55% 4 80.55% W 75.14% f G
4yl Wae N AxWae T- T G
6 300 Hea v A T Ne 0
© Ha A
n A
p-value of Restresult
Algorithm GEPRF
GEPRF &EP
Precision &RF
ACC 0.3864 0.02251
SE 0.4175 0.03923
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SP 0.3876 0.1211
9T
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T %o noe A
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