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ABSTRACT

The purpose of this study is to analyze the factors affecting the classification of the severity of contrast media
side effects based on the patient's body information using artificial intelligence techniques to be used as basic data
to reduce the degree of contrast medium side effects. The data used in this study were 606 examiners who had
no contrast medium side effects in the past history survey among 1,235 cases of contrast medium side effects
among 58,000 CT scans performed at a general hospital in Seoul. The total data is 606, of which 70% was used
as a training set and the remaining 30% was used as a test set for validation. Age, BMI(Body Mass Index),
GFR(Glomerular Filtration Rate), BUN(Blood Urea Nitrogen), GGT(Gamma Glutamyl Transgerase),
AST(Aspartate Amino Transferase,), and ALT(Alanine Amiono Transferase) features were used as independent
variables, and contrast media severity was used as a target variable. AUC(Area under curve), CA(Classification
Accuracy), F1, Precision, and Recall were identified through AdaBoost, Tree, Neural network, SVM, and Random
foest algorithm. AdaBoost and Random Forest show the highest evaluation index in the classification prediction
algorithm. The largest factors in the predictions of all models were GFR, BMI, and GGT. It was found that the
difference in the amount of contrast media injected according to renal filtration function and obesity, and the
presence or absence of metabolic syndrome affected the severity of contrast medium side effects.
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Table 1. Variable information and characters (n=606)

Independent variable Mean Stdev Median
Age 53.33 8.94 53.50
BMI 23.77 3.18 23.60
GFR 88.61 14.38 86.85
BUN 13.94 3.46 14
GGT 38.26 34.54 27
AST 26.48 13.28 23
ALT 27.81 20.64 22
Table 2. Severity of hypersensitivity reaction
Grade Symptoms
1 Pruritus, Flush, Urticaria, Angiodema
I Gradel, Nausea, Cramping, Rhinorrhea, Hoarseness,

Dyspnea, Tachycardia, Hypotension, Arrhythmia

1 Gradel, Vomiting, Desecration, Diarrhea, Laryngeal
edema, Bronchospasm. Cyanosis, Shock

v Gradel, Vomiting, Defecation, Diarrhea, Respiratory
arrest, Circulatory arrest

2. 45249 9 24 9y

AT AAAETE 29A FFeol HA=
BEFS AS5st7] fal Fig. 13 o] dSrds 7
Aol 2d e AMgE 2FE AXE A=
Orange 3. 26. 0= AR&3lglom 9 gle] #aled
I deolgnrtelyd 7HE A8 ¢ Urk AAAR
tlolg AE o]&ato] oot AE, JAFAG LT,

q

o
A4, AP zHAE, AXEHE A e
& 27413} A (Area Under the Curve, AUC),
8} % (Classification Accuracy, CA), Fl1,

o O(I)-m r
LS A
bt o

o

424



"J. Korean Soc. Radiol., Vol. 17, No. 3, June 2023"

(Precision), A &d&(Recall)S 3Fo}slict. 2 A=
ERWTTE e A EgsE H]"ﬂJ(SuperVised modeling)
o2 F§, F¥H(Classification)?} 37 (Estimation)
= U 7bed dagss AMESEiTh

2.1. ol o] T}~ E (Adaboost)

of o] U} -~ E = Adaptive2} Boosting®] >4 Tk
Sol7 gojolt), FEHIHe okt BRF5S 3
Ho s Sl o=z 58 Aest & & B
A gk HolHES] 7 A(weigh)y 5 =T
= A5 Asol W o BRVIES 2Fste] A
TAHOE F& A HRVIE vEE AR S
(adaptive) Bt5afl Witk olfl oFg H{RVIES B
o} 7715 wEA7] boosting®] H !

)
)
o

~
>
i

ol
—d

i
w)
[¢)
(@]
@
)
S
=
[¢]

\SJ

dolg 5o £4& 7wtew ¢ 71%—% %@6}
I 7S Aste] EY JHE #Uste RE"E
Shth, oS82 g2 Axdyg Z[HERT oA
L iAol sttt 49 =EERH St R
EggxE A5t v 9A w7l A
glo] Fasty o #UHE 3 AAAoRE
3le 4 glo} sAe] ot

2.3. 217 %(Neural network)

AATE AES RdS ngor FikHow
2dlg g Aol 4] e 9 o] Al S (layer)
< 7H e A AFES AR OE 534S A
ot o dEghs wrolx dAZk ol el HHA
gAdstE o] 28-S Rt AF3AAE TS o
HAEZS] zFolgtal & F ded HPERS
zb o] A&} A Y e Fete] &3}
7t 7HA AL Qe AR oF Blalske QA X K
o a¥ &4ty god vjggdst dnh o
HAEZAA 7taA e AAAE -] HAstA
ol st A A oA AFS WEA He G
HAAEES oA 7 =t oS B33 ZAE
ask = Al 5]‘:’4 O]% = H A E 2 (MultiLayer

2.4, A EWE] M1 (Surpport vector machine)

HAEELS 7MY desta ke il $h 7|t
|

(hyperlane) S ZH=
o mgol 7hg HAA A AL

-1 =
A 24 F71e moleha 2 & gri

2.5. 9 E Y ~E(Random forest)

ArAA U] et FAE F538H] $ ko]
TEolson A, ded B FAddoeR )
Bol AMgH = dads T sttt £2 He s
271 f8 vael o dagass Abske 48
E(ensemble) 5 02 AMAA U9 2o B
o] REo® FAEY I A5S HASk M
171 = AdE Fokwinh 7B & ezl

W FEZER] ZJIA s F-2Y(boosting)

25 dyA

=
]O]Ei FOIEV}; 3 W o] AMelE

d’. N
/ st and Score
>
29 Ve
FH
/ H
igha Tablo FCASTp |
vy '3
i N
q ¥
4 i !
.
.
e = O
hymarsans v . !
reactions X Select Columng h_.r\h-ur.ul Metwark -I Data Tabide (1)
N W
i
Bandan Forest =
o o 0
e T
=, i
Th
WM
\ Presictions — Dua
N $ O

Frediciions Prediclions dats
Frypersensitiily
reactions

Fig. 1. Predicted model of contrast media side effects.
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II. RESULT
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Table 3. Aspects of contrast media side effects

Table 5. Prediction importance of BMI
Model AUC CA F1  Precision Recall
AdaBoost 0.790 0.710 0.637 0.706 0.710
Neural Network 0.511 0.687 0.559 0.472 0.687
Random Forest 0.792 0.701 0.624 0.641 0.701
SVM 0.506 0.687 0.559 0.472 0.687
Tree 0.772 0.696 0.611 0.589 0.696

4. to] d5F HAF

o] Aol A= AUCE Random Forestol A
0.694, CA+ AdaBoost®} Random Forestol 4] 0.696,
F1& AdaBoostol A 0.582, AU EZE2 AdaBoostol
A1 0.756, A& &3S AdaBoostoll A 0.6962. 2 714
£ A%E e

Table 6. Prediction importance of Age

(n=606)
Symptoms Total (%)
Nausea, Vomiting 29 (4.8)
Flushing, Itching 96 (15.8)
Urticaria 417 (68.8)
Angioedema 58 (9.6)
Hypotension 6 (1.0)

FinkSof th3k 58-S Table 49 7Ho] Allergic
A ¥kS0] 5331 88% 2 7 Zoro ™ 606 Al

Table 4. Type of contrast media side effects (n=606)

Grade Total (%)
Allergic: 1
(Flushing, Itching, Urticaria, Angioedema) 533 (83.0)
Non-allergic: 2 40 (66)
(Nausea, Vomiting, Headaches, Hypotension) :
Complexity: 3
(Allergic + Non-allergic) 33 (5.4)
Total (%) 606 (100)

3. BMI &% d5E AF

BMI Z ¥4 AUCE AdaBoostell A 0.790, CAT=
AdaBoost2} Random Forestol] 4] 0.701, F1< AdaBoost
ol A 0.637, A =7k AdaBoostol| A 0.706, &S
2 AdaBoostoll A 0.7100.2 7Hg £ AWE o}
ERs T},

Model AUC CA Fl1 Precision Recall
AdaBoost 0.651 0.696  0.582  0.756  0.696
Neural Network  0.526 0.687 0.559 0.472 0.687
Random Forest  0.694 0.692 0.573 0.535 0.692
SVM 0.520 0.686  0.562  0.496  0.686

Tree 0.658  0.693  0.575 0.589  0.693

5. GFR &% 4d5§& AF

GRF Ao Al AUC AdaBoostoll A 0.951, CA&
AdaBoostol| 4] 0.820, F1-> AdaBoostol| 4] 0.805, &
Z=7kS AdaBoostoll A1 0.818, A& &3S AdaBoostol|
A 0.8200= 7HE £ A3E YERITH

Table 7. Prediction importance of GFR
Model AUC CA F1  Precision Recall
AdaBoost 0.951 0.820 0.805 0.818 0.820
Neural Network 0.536 0.687 0.559 0.472 0.687
Random Forest  0.922 0.776 0.754 0.762 0.776
SVM 0.504 0.687 0.559 0.472 0.687
Tree 0.891 0.747 0.722 0.719 0.747

6. GGT ¥/ A5E AF

GGT Z3F} oA AUCE TreedlA 0.770, CAE
AdaBoostoll A 0.717, F12 AdaBoostol| A 0.647, A4
EZk2 AdaBoostol] A 0.782, A& & 7k2 AdaBoostoll
A 07172 7P 2 AdE dEth
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Table 8. Prediction importance of GGT
Model AUC CA F1  Precision Recall
AdaBoost 0.760 0.717 0.647 0.728 0.717

Neural Network 0.540  0.687  0.559 0.472 0.687
Random Forest  0.781 0.710  0.632 0.692  0.710
SVM 0.519  0.687  0.559 0.472 0.687
Tree 0.770  0.711 0.639 0.683 0.711

7. AST £F d5E AT

AST Z3}o| 4 AUCE Random Forestol] A 0.709,
CA+= AdaBoostol A 0.700, F1 AdaBoostol| 4 0.599,
A =7 AdaBoostoll A 0.665, A S7HS AdaBoost
oA 070002 7V £2 A3E ekl

Table 9. Prediction importance of AST
Model AUC CA F1  Precision Recall
AdaBoost 0.658 0.700 0.599 0.665 0.700

Neural Network 0.511 0.687 0559 0472  0.687
Random Forest 0.709  0.695 0.587  0.614  0.695
SVM 0.531 0.689  0.564  0.566  0.689
Tree 0.688  0.693 0.584  0.559  0.693

8. ALT ¥7F o5& 3AF

ALT ZA¥}ol| A AUCE AdaBoostol| A 0.702, CAE
AdaBoostol 4] 0.708, F1-> AdaBoostoll 4] 0.614, 44
=32 AdaBoostoll A 0.718, A& -E&3k2 AdaBoostoll
A1 0.708% 7+ F& A3E YERTH

Table 10. Prediction importance of ALT
Model AUC CA F1  Precision Recall
AdaBoost 0.702 0.708 0.614 0.718 0.708

Neural Network  0.533 0.687  0.559 0.472 0.687
Random Forest 0.724  0.703 0.605 0.695 0.703
SVM 0.498  0.687 0559 0472  0.687
Tree 0.716  0.699 0593  0.609  0.669

9. BUN ¥% 458 35

BUN Z¥}o| 5] AUCE Random Forestol] 4] 0.632,
CA+ AdaBoostol| 4] 0.689, F12 Random Forestol A
0.566, 4 I=gk-> AdaBoostol A 0.566, A& &3k
AdaBoostol| 4 0.696%2 717 £ AnE Ve

Table 11. Prediction importance of BUN
Model AUC CA F1  Precision Recall
AdaBoost 0.573 0.689 0.563 0.566 0.689
Neural Network  0.521 0.687 0.559 0.472 0.687
Random Forest  0.632 0.687 0.566 0.557 0.687
SVM 0.519 0.687 0.559 0.472 0.687
Tree 0.597 0.687 0.559 0.472 0.687

IV. DISCUSSION
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