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[Abstract] Objective To develop and validate a risk prediction model for infiltration/extravasation
in peripheral intravenous catheter therapy. Methods This retrospective study analyzed 942 patients who
completed the Infiltration/Extravasation Risk Assessment Form between January and June 2023 at the First
Affiliated Hospital of Army Medical University (including Departments of Neurology, Endocrinology,
Gastroenterology and Hepatobiliary Surgery). Patients were allocated to a derivation cohort (n=628) and
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validation cohort (n=314)in a 2 : 1 ratio based on catheterization chronology. The derivation cohort served for
model development and internal validation, while the validation cohort underwent external validation. Logistic
scoring method constructed the risk model, with Hosmer-Lemeshow (HL) test assessing goodness-of-fit and
ROC curve evaluating predictive performance. Twenty-one potential risk factors were assessed, including age,
gender, chronic diseases, clinician experience, treatment compliance, and total infusion volume.
Results
Among 21 factors, 15 showed significant association (P<0. 05), with 6 independent predictors: junior high

Infiltration/extravasation occurred in 48 cases (5. 10% incidence: 31 derivation/17 validation).

school education or below (OR=5. 2), chronic disease history (OR=3. 1), poor compliance (OR=2. 8), lower
extremity venipuncture (OR=4.1), total infusion =1 000 mL (OR=3.5), and hyperosmotic/corrosive
medications (OR=6. 7). The final prediction model was: Y=2X(low education)+1X(chronic disease)+1X(poor
compliance)+1x(lower extremity puncture)+1X(volume =1 000 mL)+2X(corrosive agents). For the derivation
cohort, AUC was 0. 967 (95%CI: 0. 936~0. 998), specificity 0. 911, sensitivity 0. 935, with good calibration
(x*=4. 135, P=0. 845). Validation cohort showed AUC 0. 939 (0. 853~1. 000), specificity 0. 919, sensitivity
0.941, and acceptable calibration (3*=8.998, P=0. 085). Conclusion This model demonstrates excellent

discriminative ability and calibration, providing an effective tool for identifying high-risk patients and guiding

targeted preventive strategies.

[ Key words |

intravenous infusions; effusion; extravasation; risk assessment

Supported by the Chongging Science and Technology Program (CSTB2025KJCBPJ-KPHDYB5X0034). Corresponding author: ZHANG Jiasi, E-mail:

xnyyzjs@tmmu. edu. cn

2535 S A KRGS AR v, A K ok 1 25 Wk
ONERTIKAE s LA AN JE) R 2L 20 5 265 90 A5 248 i Dk B ik
TERR R JB b 2 R A DK I L A R Rl 4
JRUAE  FH AW AEAE 2 T (R LR 030 64
PR Z2 AR L, %300 Ak 390 55 00 A, R 0 /R R 5T 5 1
PRI v 45 IF MR L 259095 th/aMB 1R A A
oK A L LB IR R, RAE RN 0. 1%~6. 0%, 5
SECE I R R R, E E gl 4
PRFE S5 50 2005 , 3 AN AN 1 3 5 ) 48 35 0 22 4
54 I, LT i A K R R A Al T PR A
TR TAE R 5 e I PR X T A e bk B
BEEOS NS BT 545 B, MO T R
ARG 22 56 5 W Sh LSS, B = Fr vk s 14 1) XL
B PEAL T AR Mool S fr . R BRAE IR 5 2 T i
A IEHIBR T 38 22 A0 XU PR 22, (L i3k 26 il R 24 B0 1
W& B 55 @R R — b B
b, M A AT P T I PR S B ) A R A B
HHP AT AT F R A R R . AR SR T Y
XU R 22 5 S — > B AT s T Ak R B iy T, A
7T Ay i PR AP BN B4R — ol 2 WL A 4 XU A
oo AR SEBEA A A B JRURS: T 5 43 2% 45 P 4 0L
T oo T H A EMARA S &R 0 B R W
DR S Ak B e SR 0 AR R R T R A IR
T4 ARAL B I A T I PR

1 #ARETTE

1.1 Rt %
I AFRUE : DAERE = 18 % s @17 41 E & Ik B4 B 4T

HRORTT s @5E LA # K B BT s AN R
Bl 2R ) B IS | HAHSCTERMRAE T 2. HEBRbRIE -
OAH MK RGEIH 3 A I IsE RGN # (A
ARG B FEXIR T RE) ;OEELR T (0.
fili B VB A IR 2 QB BA KR E
O G o KNS . AFSE Bt bl 2 22 R K
o — M m R B e D A [ (B)KY2025105]

FR A AR A R :% HE AT B A i
L PR ASCHRRE ) S0 K PR AR s Hh/oh
BRERS 5% HEITIHHE, B @=0.05, U,,=1.96, p=
0. 055,¢=1-0. 055,8=0. 05, HRHE A 1545 H A4
FEAK T 8091 o 2R FHAE Rl A 1% 7 32, Tl s 44 34 B
2023 4 1-6 H 78 Fifi 42 75 = K245 — M E Bs B 4 4 i
Bl e B H AR RRSNRF SR S RO B
Jik BA BT RO AN E KBS DAl 2 VIS 1) SR R F
FERTGE  FF A O HEbRAE 9 R LT 942 491 AR 4 A7 21 &)
I A 0 PR T I 2 1 2 1T LA 4 g A 4
(2023 4 1-4 H ) B IEZH (2023 4F 5-6 H ), R g4
628 4] B iEZH 314 471 . FEBLLE T 40 ik BA A
TS L /A1B IRV T AR R () 7 R P SR I IE , 36 TE 21
FH PRI (4 SR IR IE
1.2 BRI

A S T 1) W Z2 48 bR 24 8 U8 T A Bt i kTG 97
PR Ll 22 R 2R B AR AR (Y (O R R K BR VR
BHANE IS PG ) o 1% 2022 AE AR B FR KA
7Y Rl ZE DY 43l o SCHRE A LI RSB R R Ui



3004 Wi A2 22 R R 27241, 2025, 47(23)

http ://aammt. tmmu. edu. cn

IRAGHHR AL, A RAFR N . U0 AR
pER ki DR H FEL AL AR WS 5 SRR EE
BMI, [ A8 7 A2 M s CAnbs PRops I 1 78995 i 98
) BORTTKME s QIR IRERVE N 2 B AR T
VEAERR 2B A7 (B B ) B4 IS B R
5 TR — A 2 T B i A R SRR HE AT
T 00 s QIR YT A OC R 2 AR i R e 2
Py T, e 25200 R ) LA T TR 2
V) AT ) PR RIRVEZG Y RER 25 A
S KRR P PEA AR o D58 2K 16
o FLRE A N BB NE B RS b R R 2 R AR 1 R
FE TG AAT I EEARN, A B 2 S e 28 B A S5 A T
S, TG R R QF K - T8 A BB
PN B PR E R A B R AR TR R TR
WRIGB) , BT B 29 0R T B A5 B i it A RE 4 R K
PEFESE s MM - 48 B & i T B ol R IR B A 55 R
e TIOR3, AR S H R ZL, AE AR
e AR TR S 508 B XU & 78 AR A+ 434K
NN SN G SR N (YN DN N E 2 R S B
AEJ1VE4r R B & Barthel #5500, M 4 N5 9. <2047,
AR 5 21~40 43, H BE KRS 5 41~60 43, 56 B2 AR 5
>60 43, JoHCHH
1.3 HEMERIRZ4H

R i ORI ST RS e M R S — B R
JSERYONL A FNE & 3 I N B2 o= R W E Ry 3
485 VR B 1 B B B A T
1.4 RI&BEA My o7 ik

MR SULLIVAN 25" () 18 55 3 43 1 19 782 JL 6 45
A, B DL 2 R 32 85 1] 05 20 B 45 5 v 9 P<0. 05 41
ST ] S 2R B /IN R A o o 3 T 0 g B 5 2R v
e/ NEY R H R BOCH B A, HAh S s IRl H R EE S5 2
AH Eb B 25 540 DU < A BROCHD ORGS0 B SR B
AR 1 AH A S
1.5 it

K 1 SPSS 22. 0 il MedCale % F 3F 47 43 #r 4b B .
O3 AR T DI (% ) FoR 5 X i ABE 40 5 3 ik 20 AH G AR
TN LA MR BT BMIL B BRAE S EREDERG T
VEAE PR A5 5 UEAT B AR 36 o, LA H R ) YA 36
Fisher #5 ff K 56 s fE A2 38 R /AMB I B 2 b
B RAS I N S SR R R B Fisher K
B R 3 5 LA B MBI 2 I &R 3 ok H ot
Logistic [7] 54347 ; EHT B -SEMF Y (Hosmer-Lemeshow,
HL) A 56 6 T A 37 AR R R A 7 4005 DL BE A 35, F ROC i
2 VA B A T . A 46 UK T «=0. 05,

2 H#HR

2.1 SMAHARE BAT RS RIS L AE A
942 f5i] £ 3k 48 {51 (L rp @ AT 31 4], B UE 40
176 KAB AINEG R ER NS 10% . B4 E
UG UF L 7R 2R PR iy LR g R R 2 B HAE B
H/AMNE KA A M AR Y SCAR R B BMILL A #RE
J1 B R BRI RE P PR TR IR A
WERAR i LA 22 g it 2e . R m 2
41 55 55 UEZH LA O ELAT T L
2.2 EAELLASNRA ARG BA RS BNEGER £
SHT
DL E R KB HANBE R AR 5 E AT L
RO, 45 R W AR SO L A BEEE ) SRR
SAYT I R R A YR S A | R
RIS ] — 7 2 IR 2 5 08 F e A T2 g
W R R VR 25 32 BRI R] AR S
A JE K B OE B O R AR B B R R (P
0.05), Tt  BMI L EE ML T A8 3R AE Y B 5 TAEAE
FRAFAS B 0 2 25 5, L3 1. $om b R 5k B
BEHRB R ANB R EAS B A BRI
KPRtk 2 IR A
2.3 @BMINAHRE BARSRISNSG SR E
HHF
W B 2 20 H Hh P<0. 05 B8 540 A T Logistic
IARERY | DL BE 95 H/AME " s fa e 2 . AR
ik BA T i A A B i AINB I R R DR A A e TR
73R 2. Arpras RN, w1 h S LLR ik A 18
PRI AMHEA T ZE B R T R K i S
=1 000 mL . (5 13 /58 R /5 A8 A5 i il i 25 6 A~ 2y
ISR R (R3) . $niX 6 RSB H
ik B8 B AT RRUR A 3B T ANB W S TN AR i
2.4 SPRAHIRG B AR s /NS R TR AL A 6
#3
FTZ K Logistic [JH 20 Hr 45 21 1 1715 2241, 14
T AR K B T RS A NS 0 R T A A
Fe MRSy - Y=20A 0 K LR SCAk + DA g i s +
DX AN + D i A8 CF Bk ) + Dx3a i B
=1 000 ml + 275 78 /50 FR 5 B 55 Ji ik 25 . 42
TNIZARE T BB LR A B A A I ST A IS R 2R A e e AR L
FA AR RS 53
2.5 SMRFHRG E AR S B SNSRI TR AR AL
BB TR 8R4
& HITROC i 2 F HL 480G D0 B G 36 D1 452 AL 1 X



http://aammt. tmmu. edu. cn Bl 7225 155 R4, 2025, 47(23) 3005

®1 BEREABRIRFWER(H(%)]

Table 1 Results of univariate analysis for modeling group [n( % ) ]

Ttem Normal (n=597) Effusion/Extravasation(n=31) b P

Agelyears 6. 141 0.013
<60 382(63.99) 13(41.94)
=60 215(36.01) 18(58.06)

Education 22.815 <0. 001
High school or above 301(50.42) 2(6.45)
Junior high school or below 296(49. 58) 29(93.55)

Barthel index/points 10. 734 0. 001
>40 557(93.30) 24(77.42)
<40 40(6.70) 7(22.58)

Chronic disease 45. 477 <0. 001
None 423(70. 85) 4(12.90)
Present 174(29.15) 27(87.10)

IV infusion compliance
Good 575(96.31) 24(77.42) 23. 889 <0. 001
Poor 22(3.69) 7(22.58)

Flushing and sealing/(time/d) 4. 491 0.034
<1 328(54.94) 11(35.48)
>1 269(45.06) 20(64.52)

Puncture site 26. 488 <0. 001
Upper limb/neck 577(96. 65) 24(77.42)
Lower limb 20(3.35) 7(22.58)

Intravenous catheter gauge/G 6. 127 0.013
>22 290(48. 58) 8(25.81)
18~22 307(51.42) 23(74.19)

Puncture frequency/time 24.281 <0. 001
1 562(94. 14) 22(70.97)
=2 35(5.86) 9(29. 03)

Infusion tool 21.634 <0. 001
Non-pressurized 573(95.98) 24(77.42)
Pressurized 24(4.02) 7(22.58)

Infusion volume/mL 42.182 <0. 001
<1000 414(69. 35) 4(12.90)
=1 000 183(30. 65) 27(87.10)

Drugs 84.701 <0. 001
Non-corrosive 507(84.92) 6(19.35)
Corrosive 90(15. 08) 25(80. 65)

Indwelling time/h 4.357 0. 037
<48 268(44. 89) 8(25.81)
=48 329(55. 11) 23(74.19)

®2 BTERERER

Table 2 Independent variable assignment

Ttem Assignment
Age <60 years=0, =60 years=1
Education High school or above=0, junior high school or below=1
Barthel index >40 points=0, 0~40 points=1
Chronic disease None=0, Present=1
IV infusion compliance Good=0, Poor=1
Flushing and sealing 0~1 time/day=0, >1 time/day=1
Puncture site Upper limb/neck=0, lower limb=1
Catheter gauge >22 G=0, 18 G~22 G=1
Puncture frequency 0~1 time=0, >1 time=1
Infusion tool Non-pressurized=0, Pressurized=1
Infusion volume <1 000 mL=0, =1 000 mL=1
Corrosive drugs No=0, Yes=1

Indwelling time <48 h=0, =48 h=1
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Table 3 Results of multivariate binary logistic regression analysis for modeling group

Item B SE Z Wald x° P OR 95% CI

Age( =60 years) 0.710  0.695 1. 022 1. 044 0.307 2.035 0.521~7.952
Junior high school or below 2.591 0. 936 2.769 7. 666 0. 006 13. 340 2.131~83. 483
Barthel index( <40 points) 0. 404 0. 853 0.473 0.224 0.636 1.497 0.281~7.974
Chronic disease 1. 604 0.714 2. 246 5.045 0. 025 4. 975 1.227~20. 178
Poor IV infusion compliance 1.719 0.785 2.191 4. 800 0.028 5.581 1. 199~25. 988
Flushing and sealing (>1 time/d) 0.525 0.762 0. 689 0.474 0.491 1. 690 0.380~7. 527
Lower limb puncture 1.893 0.936 2.023 4.092 0.043 6.637 1.061~41. 529
Intravenous catheter gauge (18~22 G) 0. 882 0.617 1.429 2.042 0.153 2.415 0.721~8. 094
Puncture frequency(>1 time) 0. 844 0. 736 1. 148 1.317 0.251 2.327 0.550~9. 843
Pressurized tool 0.170 0.958 0.177 0. 031 0. 859 1. 185 0. 181~7.742
Infusion volume (=1 000 mL) 2.304 0.751 3.069 9.419 0. 002 10. 012 2.299~43. 595
Corrosive drugs 2.711 0. 658 4.121 16. 981 <0. 001 15. 050 4. 144~54. 653
Indwelling time( =48 h) 0.319 0.833 0.383 0. 147 0.702 1.376 0.269~7. 042
Intercept -10. 594 1.516  —6.987 48.822 <0. 001 0 0. 000~0. 000
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Figure 1 ROC curve for predicting effusion/extravasation

risk in modeling group and validation group
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