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Analysis of influencing factors and development of a prediction model for radiation dose in

patients undergoing coronary angiography and percutaneous coronary intervention
FENG Jie, QU Qiang, LEI Xinyi, CHEN Sitong, BAO Zhipeng, ZUO Zhi, LI Xinli, WANG Hui’, YAO Wenming’
Department of Cardiology s the First Affiliated Hospital with Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To investigate the influencing factors of radiation dose in patients undergoing coronary angiography (CAG)
and percutaneous coronary intervention (PCD) , and to develop a clinical prediction model for radiation dose. Methods: A total of 293
patients with obstructive coronary artery disease who underwent CAG at the First Affiliated Hospital of Nanjing Medical University
from January 2020 to December 2024 were retrospectively enrolled. Patients were randomly divided into a training set (n=208) and a
testing set(n=85) at a ratio of 7:3. Intraoperative radiation dose was defined as the outcome variable. Based on clinical characteristics and
interventional procedure -related variables, multiple variable selection and modeling methods were applied to establish a multivariable
linear regression prediction model, and a nomogram was constructed. Model performance was evaluated in the testing set using the root
mean square error (RMSE) , mean absolute error (MAE) , coefficient of determination (R*) , and calibration plot. Results: The final
model included age, body mass index(BMD), triglycerides, high-density lipoprotein cholesterol (HDL-C), left ventricular end-diastolic
diameter (LVDd) , left ventricular ejection fraction (LVEF) , procedure time, and fluoroscopy time. Multivariate analysis showed that
BMI, LVDd, LVEF, procedure time, and fluoroscopy time were positively associated with radiation dose, whereas HDL - C was

negatively associated with radiation dose. The model demonstrated good predictive performance in the testing set, with an RMSE of
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170.1, MAE of 136.1, and R of 0.55. The calibration plot showed good agreement between the observed and predicted radiation

doses. Conclusion: The radiation dose prediction model based on routinely available clinical and interventional variables showed good

predictive performance in internal validation, and may provide a useful reference for radiation risk assessment and dose management

in patients undergoing CAG and PCI.

[Key words] coronary heart disease; coronary angiography; percutaneous coronary intervention; radiation dose; analysis of influencing

factors; prediction model

TEARBNIKIE S (coronary angiography, CAG) SR 48 [
LRSI NIGTT (percutaneous coronary intervention,
PCD 2 e LI 12T IR B BOR o AR, 3K P 2 HR A
o LB AL AR AR BB, B I B2 95 N L AE A
R e AT Gt R T R AR 2N, AT RE
BN R A A S5 2H 2 e I B R a7 BB LR
1, AE DRAIE 85T R TR 1 Dh 2 1R T 2 T ST
B UL, WnREE R T e AR H A BEAT L SR 0
EL A N0 T 25 J5 7 3 ) 2 R 20

ULAEkE, 2 TR 5T 27, CAG J PCLEE# R g
S 7] R A AN R AN A RN AN [ B 7 BILAG) 8] 47 £E i 3% 22
5, BT AL R A 2 B 58 B4 AT 5 008
PERFAES . BEAE O TR W], B3 A4 B Ak 2 i
(body mass index, BMD) . j& IR 2y ik Js A% £ & A1 &2 %
22 (o 4 SO A B 18 4 56 4 P 28D L TR AU A
VRSN, LA S AR 3 22 06 55 PR 3K 48 W0 J 3 A 7
PRAEE BRI MRS, R HRES)
RE 77 2 T AR SR AR )iz T A R R 2 4
SRR KO [, S B RN, AR ST
VA A D 5 A7 1) 6 A 19 3 1k A s AN IR AR AL 77 B
FA T AT B B R AOR rh AR S R, SRR IZ U R
ERTEREREIE S =T o il TR

SR, BEAEAT 7C 1 B R AR T CAG S PCI v A& St
T P S M BT 2R 2 A BT A DR A A, e R
Z BT H R PR TR AT AE AR AR A LT
AN i S AR R A A R DA I AU ARTE
EZLET LR Pl ¥ PRIV SUSEN EE A ¢ TNV E S
TR Gt iR — YR AT AR R R, S5 R
e A A RV ARG AN R BT, AR T4
B I RIR IR KA NI RS H G R BEHL
F NS S AU E VRN gy AE VSN Z POl
IR SIAIEFE ST (least absolute shrinkage and selection
operator, LASSO) [ = F13Z A2 [ Ji5 0] - 55 22 Ao B 2%
HEAT AR B T e A R A S, I BSOS TR ASE 7R 1 T
PERE , B 2 G N7 E M A A A 7R B TR, DA

[J Nanjing Med Univ,2026,46(08): 1218-1227, 1268]

W00 38 AR B I SRR A R O SR
HAT A B2 A

1 MRITTE

1.1 %

PN I S SR N EEL 70 G SR =8 R v 9 I
PRAS A 5 512 Wy 22 28 B T A 20 ) 52 W 4 o +
A T % € (transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis+
artificial intelligence, TRIPOD+ADHTHES K M,
U 508 2020 4 1 J]—2024 5 12 7 15 i 5 BE F}
K2 55— MY @ = B AT CAG HI/s% PCI Y B 28 7 -0
Wi F . AR E: QZ G R 12 W 9 B ZE 1% 5 0
i QFERE=18 2 B IR Bk S A8 215 B s B .
FEBR A5 v : OBEAEAT PCL B IR 3 ik 55 26 8 H R
@PCI R B T 78 B 2 4R 4 PCL; Q) 2k 0 LR
BE s @G AR 28 3 Gu i i 7™ B ' D e A 4 BT
WRIAIA L @G IR IR « B B G 5 I
RGP A VG VR o B ZE e 0o E X
N CAG HE7r=1 S0 AME N e RN ik 32 27 3L EAR
PR 50%" . T E I REA L iRt 2%
(223200 48 B (2024 58 J5O ) v i 32 98 12 Wi b
A, LB T B 1 N S A I T
HR 4 4 R B A5 i £ 2403 (modlification of diet in renal
disease, MDRD) 2 A 555 /N 3R JE I 2 (estimated
glomerular filtration rate, eGFR) "™, I & 5 ot 3 4=
BRI T R AR R T B E IR A 2N
eGFR<30 mL/(min-1.73 m)"™. YN & #1713
1 LE A5 Bl B 2 R )N S SE AN IR AE , 4331 F - S0 A5
R @ SL AN N AR AIE . AT 5T 5 5 C il B AR
BER 555 — M R B2 Be Ao B 22 A = b (IR 34l 5
2024-SR-1038), I #f 2 A tis F =
1.2 Fik

ASHIE T ) LS SR AR br o BB AR TR R
I M R AE CAG K& PCLE R B Bt 5



* 1220 Mo BE R K % 2 kR

546 55 8 1A
20268 A

RRCF A RIS SRS REREAT B AL, Fa By 47
FHOREE R Z R [ PO P AEFRAEPAT ' ik st
M) [R] 28 2 T I PR 2 FHVE < I PR i i i 1R A B AT
FOUEHE HEAT PSR 08 , £ BAHE N 1 224 | LAl
PIw R 25 52 SRR B B AR AR O B S HL R A
OB B 2 H et R B KO AR RFAE L R A ARS8
Cln - A [ A AR TA]D o
13 %it#rs

Guit AR RAE 5 (AR 4.5.0) FAF 58 B
2R i I 2 S A AN BEAT AL B . R H Shapiro-
Wilkes 46 56 1) W7 e 2248 B ) IEASE . IR 70 A1 ()3
AR B DI B AR E 22 (v + )RR, AR R F
For B JE TR 70 A )32 2838 i DL A7 35 (DY 43 450
LM (Pas, Prs) 1327 , 18] LK H Mann-Whitney U
ar e s 73 A8 B LA (O 73 HO [n (%) 130, 2R 1]
OSSR F A0 o T ASE B 0 4 S A )l 2R A v 58
Jlo RS I E A A AR AR G 0L G, SR BE L
FRRSREVE 0 figk 16 A B 147 3 B PR A O 58 e 22
it , B i 45 A B R B Ak [ VA R A T AR TRV A
LASSO B35 77 vk — B ik A8 &, 3F 40 i R 8
W ) JE VAR AR R TR R Y . SR 7 22 K A

TIRAG AR B A ) 2 AL Atk . vk B0 45 2R A AS i
P, K FH 78 B S0 Oy A b BB R B4 5, BB IA
iR 2 PR S [l AR AR D BB B . 43
FE IR AR 5 M0 A v PG AR g 000 1 g, 32
PEAN Fi8 bR AL FE 1) 77 AR % ZE (root mean square error,
RMSE) . *F- ) 4 % 1% Z (mean absolute error, MAE) «
58 22 B (coefficient of determination, R*) , I 2 i &¢
#ERNZ . P <0.05 W7 7AH St L.

2 % B

2.1 AR F R

AHIEFT LT A 299 14T CAG S PCI [ BH Z& 14 76
OV B, HEBR 6 1 (b 5 IR RS g N bR HE, 1451
A PCD , F 2499 N 293 B FHLZEME e 0 BB o 3%
8703 [ B A Bt B 43 T 22 9 25 4 208 451 R0 4 42
85I (B 1D PRZLEE BN D HRRE SR 0 = A 25
fatr OHESHGBER OERS BN AKX S
HAERL TR R 1. GRER, WAEHER LR
o R (= Sl e o O N S B N N v N T
RO R R A G AR bR AR P A (R 2 R R R R
X (P¥1>0.05) .

| 299 patients underwent screening |

6 patients were excluded:

Did not meet eligibility criteria(5)
Refused PCI(1)

| 293 patients wit

h CAD included |

y

!

208 were assigned to training set |

| 85 were assigned to testing set

| Candidate predictors of radiation dose |

Random forest
variable importance analysis

l Top 12 variables

| Potential predictors |

¥

v

Univariate linear regression | |

Best subset regression |

| LASSO regression |

[ P<0.05

| Backward stepwise regression |

Final prediction model
for radiation dose

Bl FRIRIEERESTERNERERRZE

Figure 1 Flowchart of patient selection and development of the radiation dose prediction model
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Table 1 Comparison of baseline clinical characteristics and coronary angiographic and interventional findings between the

training and testing cohorts

. Total Training set Testing set
Characteristics vz P
(n=293) (n=208) (n=85)
Demographics
Age(years,x +5) 61.5+10.3 61.6 = 10.6 61.4+9.6 -0.142 0.887
Male[n(%) | 209(71.3) 148(71.2) 61(71.8) <0.001 1.000
Smoking history[n(%) ] 126(43.0) 88(42.3) 38(44.7) 0.061 0.805
Alcohol consumption[n( %) | 96(32.8) 69(33.2) 27(31.8) 0.009 0.924
BMI(kg/m’,x + 5) 249 +3.2 25.1+34 24.6+29 -1.111 0.268
SBP[ mmHg, M(P;s, Pss) | 132.0(121.0,143.0) 131.0(121.0,143.0) 133.0(121.0,141.0)  0.019 0.985
DBP(mmHg,x +5) 78.6 £ 10.6 782+ 11.0 79.7 £9.7 1.188 0.236
Family history of CAD[ (%) | 11(3.8) 7(3.4) 4(4.7) 0.044 0.834
Duration of CAD[years, M(Pss, Pss) ] 4.0(0.7,24.3) 5.0(0.5,24.3) 3.0(1.0,12.2) 0.622 0.533
Laboratory tests
TC[ mmol/L,M(Pss,Pss) | 3.8(3.2,4.6) 3.8(3.2,4.7) 3.9(3.2,4.5) 0.343 0.732
TG mmol/L, M(Pss, Pss) ] 1.4(1.0,1.9) 1.4(1.1,2.0) 1.4(1.0,1.8) 0.814 0.416
HDL-C[ mmol/L, M (P, Pss) ] 1.0(0.9,1.2) 1.0(0.9,1.2) 1.0(0.9,1.2) -0.065 0.949
LDL-C[mmol/L, M(Pss, Ps) ] 2.3(1.8,3.0) 2.3(1.8,3.0) 2.4(1.9,2.8) 0.386 0.700
Lp(a)[mg/L,M(Pss,Pss) ] 176.0(66.0,420.0)  193.5(73.0,454.5) 145.0(58.0,357.0) 1.166 0.244
eGFR[mL/(min+1.73 m*) ,x + s 104.0 +25.3 104.9 + 26.6 102.0 +21.8 -0.962 0.337
hs-cTnT[ ng/L, M(Pss, Pss) ] 9.6(7.0,14.0) 9.8(6.8,14.7) 9.2(7.3,12.8) 0.672 0.502
CK-MB[ ng/mL, M(Pss, Ps) ] 1.4(1.0,1.9) 1.4(1.0,1.9) 1.3(1.0,1.9) 0.797 0.425
Instrumental examinations
ECG abnormalities[ n(%) ] 133(45.4) 89(42.8) 44(51.8) 1.616 0.204
LVDA[ mm,M(Pss,Pys) ] 47.0(45.0,50.0) 47.0(45.0,50.0) 47.0(45.0,49.8) 0.656 0.510
LVDs[mm,M(Pss, Pss) ] 31.0(30.0,33.0) 31.0(30.0,33.0) 31.0(30.0,33.0) 0.806 0.416
LVEF[%,M(Pys,Pss) ] 63.3(61.9,64.7) 63.0(61.9,64.7) 63.6(62.1,64.8) -1.170 0.242
Coronary artery calcification[ n(%) ] 0.043 0.979
No 88(30.0) 62(29.8) 26(30.6)
Yes 175(59.7) 125(60.1) 50(58.8)
Mixed plaque 30(10.3) 21(10.1) 9(10.6)
Coronary angiography
Access site[ n(%) | 3.673 0.159
Radial 289(98.6) 205(98.6) 84(98.8)
Femoral 1(0.4) 0(0) 1(1.2)
Radial and femoral 3(1.0) 3(1.4) 0(0)
Special cardiac examinations (n(%) ] 1.415 0.702
None 185(63.1) 132(63.5) 53(62.3)
IVUS 74(25.3) 52(25.0) 22(25.9)
OCT 31(10.6) 21(10.1) 10(11.8)
FFR 3(1.0) 3(1.4) 0(0)
Number of diseased coronary arteries[n(%) | 1.273 0.259
Single-vessel disease 166(56.7) 113(54.3) 53(62.4)
Multi-vessel disease 127(43.3) 95(45.7) 32(37.6)

Minimum luminal area stenosis[ % ,M(Pas,P:s) ] 90.0(85.0,95.0) 90.0(85.0,95.0) 90.0(90.0,95.0) -0.772 0.425
Number of treated coronary vessels[ M(Pss, Pss) | 1.0(1.0,2.0) 1.0(1.0,2.0) 1.0(1.0,2.0) 0.079 0.926
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Characteristios Total Training set Testing set VIN p
(n=293) (n=208) (n=85)
Number of coronary stents[ M(Pas, Pss) ] 1.0(1.0,2.0) 1.0(1.0,2.0) 1.0(1.0,2.0) 0.199 0.831
Total stent length[ mm , M(Pas, Pys) ] 33.0(22.0,55.0) 33.0(22.0,55.8) 33.0(24.0,53.0) -0.152 0.879
Minimum stent diameter[ mm , M (Pss, Pys) | 2.8(2.5,3.0) 2.8(2.5,3.0) 2.8(2.5,3.0) -0.826 0.402
Number of conventional balloons[ n(%) ] 0.006 0.937
<3 111(37.9) 78(37.5) 33(38.8)
=3 182(62.1) 130(62.5) 52(61.2)
Number of drug-coated balloons[n(%) ] 0.923 0.337
None 218(74.4) 151(72.6) 67(78.8)
=1 75(25.6) 57(27.4) 18(21.2)
Tube voltage[ n(%) ] <0.001 0.990
70-80 kV 281(95.9) 200(96.2) 81(95.3)
80-90 kV 12(4.1) 8(3.8) 4(4.7)
Procedure time[ min, M(Pss, Pss) | 73.0(57.0,93.0) 74.0(57.0,93.0) 71.0(58.0,87.0) 0.760 0.447
Fluoroscopy time[ min, M(Pas, Pys) 13.6(9.5,19.1) 13.9(9.6,19.4) 12.6(9.1,18.2) 0.595 0.552
Radiation dose[ mGy , M(P»s, Pss) ] 270.0(148.0,423.0) 265.0(148.0,423.5) 270.0(143.0,411.0)  0.114 0.909
Medical history[n(%) ]
Hypertension 176(60.1) 127(61.1) 49(57.6) 0.168 0.682
DM 73(24.9) 53(25.5) 20(23.5) 0.041 0.840
Hyperlipemia 25(8.5) 21(10.1) 4(4.7) 1.609 0.205
AF 7(2.4) 3(1.4) 4(4.7) 1.534 0.215
Stroke 38(13.0) 30(14.4) 8(9.4) 0.935 0.333
Medication use[n(%) |
ACEI/ARB 90(30.7) 69(33.2) 21(24.7) 1.654 0.198
Beta-blocker 36(12.3) 22(10.6) 14(16.5) 1.436 0.231
CCB 78(26.6) 60(28.8) 18(21.2) 1.446 0.229
Statin 80(27.3) 59(28.4) 21(24.7) 0.244 0.622

ACEI: angiotensin-converting enzyme inhibitor; AF: atrial fibrillation; ARB: angiotensin Il receptor blocker; BMI: body mass index; CAD: coronary

artery disease; CCB: calcium channel blocker; CK-MB: creatine kinase-MB; DBP: diastolic blood pressure; DM: diabetes mellitus; ECG: electrocardio-

gram; eGFR: estimated glomerular filtration rate; FFR: fractional flow reserve; HDL-C: high-density lipoprotein cholesterol; hs-cTnT: high-sensitivity

cardiac troponin T'; IVUS: intravascular ultrasound ; LDL-C : low-density lipoprotein cholesterol ; Lp (a) : lipoprotein (a) ; LVDd: left ventricular end-

diastolic diameter; LVDs: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction; OCT: optical coherence tomography; SBP: systolic

blood pressure; TC: total cholesterol; TG: triglyceride.
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Table 2 Development and performance comparison of radiation dose prediction models using different variable selection

and modeling strategies

Training set Testing set

RMSE MAE R RMSE MAE R

Algorithm Initially included variables Finally included variables

Random forest algorithm Age, BMI, SBP, neurologic symptoms, -
TC, TG, HDL-C, LDL-C, eGFR ,
hs-¢TnT,LVDd,LVDs,LVEF,minimum
stent diameter, procedure time, fluo-
roscopy time

Random forest algorithm+ ~ BMI, TG,HDL-C,LVDd,LVDs, mini- BMI, HDL - C, LVDd, proce- 289.5 168.7 038 1741 139.7 0.1

univariate linear regression mum stent diameter, procedure time, dure time,{luoroscopy time
fluoroscopy time

Random forest algorithm+  Age, BMI,TG,HDL-C,LVDd,LVEF, Age,BMI,TG,HDL-C,LVDd, 2828 168.8 041 170.1 136.1 055

best subset regression procedure time,, fluoroscopy time LVEF, procedure time, fluoros-

copy time

Random forest algorithm+  BMI,neurologic symptoms,TG,HDL-C, BMI, neurologic symptomsyes, 2875 169.7 0.39 1759 1414 050

LASSO regression LVDd, procedure time, fluoroscopy HDL-C,LVDd,procedure time,

time fluoroscopy time

BMI: body mass index; eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein cholesterol; hs-¢TnT': high-sensitivity cardiac
troponin T; LASSO: least absolute shrinkage and selection operator; LDL-C: low-density lipoprotein cholesterol; LVDd: left ventricular end-diastolic
diameter; LVDs: left ventricular end-systolic diameter; LVEF': left ventricular ejection fraction; MAE: mean absolute error; RMSE: root mean square

error; SBP: systolic blood pressure; TC: total cholesterol; TG: triglyceride.
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A: Variable importance measured by mean decrease in accuracy. B: Variable importance measured by increase in node purity.
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Figure 2 Variable importance of potential predictors of radiation dose based on the random forest model
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Table 3 Multivariable linear regression analysis of the final

prediction model for radiation dose in patients

with coronary artery disease

Multivariate analysis

Characteristics

B(95% CI) P VIF
Age 3.99(0.01-7.98) 0.051 1.150
BMI 14.77(0.98-28.56) 0.037 1.386
TG 34.53(-7.46-76.52) 0.109 1.179
HDL-C -296.87(-483.49—-110.24)  0.002 1.183
LVDd 15.60(4.07-27.12) 0.009 2.042
LVEF 9.92(0.80-19.04) 0.034 1.732
Procedure time 1.74(0.04-3.44) 0.046 2.042
Fluoroscopy time 13.03(6.85-19.20) <0.001 2.240

VIF: variance inflation factor.
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Figure 3 Nomogram of the optimal radiation dose prediction model developed using multiple variable selection and model-

ing strategies
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Table4 Multivariable linear regression analysis of the final

prediction model for radiation dose in patients

with coronary artery disease based on complete

case analysis

Multivariate analysis

Characteristics
B(95% CI) P VIF
Age 4.11(0.05-8.18) 0.048 1.153
BMI 14.55(0.67-28.43) 0.041 1.377
TG 36.26(-6.08-78.59) 0.095 1.180
HDL-C -290.53(-478.66——102.41)  0.003 1.182
LVDd 15.42(3.79-27.04) 0.010 2.032
LVEF 9.63(0.44-18.82) 0.041 1.736
Procedure time 1.77(0.06-3.49) 0.043 2.025
Fluoroscopy time 12.90(6.68-19.12) <0.001 2.213
A _
20007 RmsE=282.8
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Figure 4 Agreement analysis of the optimal prediction model in the training and testing sets
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