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[Abstract] This study aimed to develop a predictive model for stenosis of autologous arteriovenous fistulas (AVF)
in maintenance hemodialysis (MHD) patients, providing clinicians with a tool for early identification of
high—risk patients. Methods: We retrospectively included 142 dialysis patients who underwent AVF creation at
Yiwu Tianxiang Dongfang Hospital and Dongyang People's Hospital from January 2013 to September 2021.
Univariate and multivariate Cox regression analyses were performed to identify independent risk factors
affecting AVF stenosis, based on which a Nomogram predictive model was constructed and its accuracy and
consistency were evaluated. Results: Independent risk factors for AVF stenosis included aspirin use, non—use of
furosemide, non—use of iron supplements, high serum creatinine levels, low urea reduction ratio (URR), low
pump blood flow, and use of the sharp needle technique. The Nomogram model constructed with these
variables demonstrated good fit between the calibration and standard curves and exhibited high predictive
performance and clinical applicability. Conclusion: This study established a simple and visual predictive model
for AVF stenosis, which can effectively predict the risk of fistula stenosis in hemodialysis patients and assist

healthcare providers in early intervention and precise management.

[Key words] maintenance hemodialysis; arteriovenous fistula stenosis; Cox regression; Nomogram prediction model

KRN (end stage renal disease, ESRD) fi]H 3 7 2%
S A ML IBOZE AT BUR OB AT 447 A Ao A B LB 145 2.
AL ARG WoR, BUE20234 %, B EET KR 10077,
Hrp i BEHT (hemodialysis, HD) L85, 7%, k[ i i b FH
I 3 % SRR (B 2000 A, K YT LR 3 B % 1 i
AVF (arteriovenous fistula, AVF) . H HTAVFZE 3% B 4 54 1 %

#EHT (maintenance hemodialysis, MHD) &3t 5 bk > 80%, 42 i
DIAEAE AR dn e . BTG, Shf ik N B R J5 a8 1% 2 34~
H4990. 5%, VAR T B £560%, 24E I A51%" "o B [ P I i
FAT R E N3 2, NAFFURTE ALK AVE ) Be Rt Bt 92,
{ELE 33 57 TN ASE B 5 TR AECEAS D ] R, L an gy N\ ()78 = AN 8
AT 5 B D7 ARG B —, T ELAR 20 A B s DU IE S B

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.

149



Basic Medical Theory Research

FAEHE S IR ICHT R
FTHOH S WA 1.0€2025 F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

PRA . AHEA T B B H ARAVERTE R B3 10 B EE, R4
TEAG 51 ERAVF R 7 1) 6 o R 3, I 2 ik Ay 2 O 47 1 0000 S 2
A I A I A R R 0 P B A ) AR A A, AT N B A
TR

1 ARMNES %

L IR R 5 4. EE20134E 1 H-20214E9 A 78 L 15K
FEZR 7 R e S AR BH T N REEBRAT B 35 ik N 98 O AR 1) 142
B BE T ITEN R NFRE: TR =188 ERBATHANE
Mro FERRARAE: RIMEFEVT: BIUHEGENT: NSRRI
AN TSR ED N ERE . SR TIEAARL S, 53 AVF
oAl (27450) FIAESe A2 41 (11541) o ARHF T AR B PR 22 AR HL 2
£ aiflk.

1. 2R B/ R R PR TR 2 . 32 B 45 R Fa b s ik o 9
R EE xR IR, & SO A ME AR T2, sumsi/h T4
FELIE 5 AR A50%" o BERE B K T IR 1R) 34 . 22 48 FE i i P
PR TR R T, WA i3 I OHE AR TRl AR08 T 145
B8 (body mass index, BMI) « YR4E/E. &F5KE WS, X
W QFRGFEE: PESL. wa 7. WESIkNE. K
ERIKAA. FORKEE S, EEENEFARNE. BEF
ARZEJFHE @G IE: BRWE. @ik, woii; OHZ
SR BREIVLAR, SR . BREEK. (R4E. 257 ©%f
febr: HEPrbrdELE. DR MK, C-RMEH (C-reactive
protein, CRP)  BRIFIAIKET A G434, M A L4
JEARL /MRS L. AEE. 8. B g Hw=Ks. =
EE; @FEEE: WEHR/DN, PEIENE. BRIk
&y OFBEFFEE: IREFBRIEE. JRETERZ (urea reduction
ratio, URR) . NI, BRI, BAKE. FEE, 5
W, FlOE. MEZRER, FHE,

L. 340271 . SRR 4. 5. TR LL B M 2 TR 950N R 2,
B2 FHCOX B[R 3 J 22 TR R A A B AR IR fa R R e (LS 2) .
6 3 P A TR A Y, it A B2 P Nomogram ] (K1), % H
BootstrapiZE T (1 P EBEGAIE . i —FhEFe % (concordance
index, C-index) « A& #E 1 £k (12) BA K 52l 3 TR R AiE il 26
(receiver operating characteristic curve, ROC) (J&]3) &
R BTN BE AT RS . P<<0. 06 NZERBEAH SR .

2 R

2.1 MHD:ERE N R A S M0 R 25 ) SR TR 3 Cox 0BT o HELIR 3R
Cox M T 7n: AT IE | A8 BT =T UT AR . A A FH Wk 26K BRI
YN ERTE S IWULETFS . CRPFFE . URRFEAG. FIEE IR
6. BREAT & RILMERC. 3R JEr o ) LK i & 2% R
IR, HAVIRAE A KN4 R (P<0.05) . WLAR2. X5
R PE G WA BN, 2HLIR) 25 5 o T A S AR BT 1 20
5] B 4 A 22 55, (BN L — 58 55 SR 5 A KU B AT I TA] A 5%
PEECTII A8 s 17 Cox Bl VAR RY B B8 A 280 Sl 5 B ) Sk R AR
K ER R 2, 45 R I A S .

2. 2 MHDEE AR A% R IR 35 1) 22 (R 3R Cox 43 AT

1 MHD & AVERR A= S0 R 3 1) LR 3R Cox 7 At

95% C7

Akt HRA P

b BR FBR

&ETIR 0. 975 0. 999 0. 951 0.044
A2 FHIsET =0T bk 2.96 8. 585 1. 021 0.046
ARAEHRIEK 0. 309 0. 733 0. 131 0.008
AALH 77 0. 133 0.98 0. 018 0.048
LA AR 81.663 2719. 062 2. 453 0.014
i ML 1. 001 1. 003 1 0.029
5 CRP 1. 016 1. 031 1. 002 0.029
{i& URR 0. 959 0. 994 0. 926 0.021
[9EK4=] 0. 854 0. 952 0. 765 0.005
R 1. 001 1. 002 1 0.041
ARSI Lt 0.99 1 0.98 0.048
EE 2. 379 5. 639 1. 004 0.049
T L AR S 27.41 228. 62 3. 286 0.002

W B IR 2520 BT HR G H 1 S5 2 AR N 22 TR K Cox [B] VA A5
Y, FE— P ImEAVERR A ML B R R . 2 IR Cox T iR
R E] UCAR . ARAFEFMREEK . KRBT, & MmULE KT
IGURR. ICER LA 5 S 9t 5 il g PN B 0 A A o7 s e 1R % (P
<0.05) ., WFE2,
#2  MHD A AVERR A R0 (K 35 1) 2[RI 3K Cox 7 #T

95% C1

A HRAH P
EBR TR
A P = VC AR 4.007 14.379 1. 117 0.033
AALEF WRTE K 0.345 0. 912 0. 131 0.032
AT B 0.026 0. 823 0. 001 0.038
o UL 1.003 1. 005 1. 001 0.001
1% URR 0. 94 0. 989 0. 893 0.017
ARSI 7 0.984 0. 998 0.97 0.024
ES ] 3.554 11.123 1. 135 0.029
N 1 Sy ab
3 NomogramTilI#& 84 )+ 22 K ST AL 14
1] 10 20 30 40 50 60 70 80 90 100
s
1
e ) T AR —_—
o
o
K S
1
]
BRI
1
i AL
200 400 800 800 1000 1200 1400 1600
URR
90 85 80 75 70 65 60 55 50 45 40 35 30 25
N 290 270 250 230 102
HE i
300 280 260 240 220
1
4t [
o
By
1] 50 100 150 200 250 300
VIR AR —
0.9 080.7 050.3 0.1
25E AR S S
09 0807 0.503 0.1 0.01
SEEEAT

0.9 0.80.7 0.50.3 0.10.01

BT FMIMHD 2 2 AVESE 7 [F)Nomog ramisi 1
VE: B TR e (BInR B DT AR, WRZEK. BT, &
£5) SR B g, 0=A4d 1, 1=f8FH .

150 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Basic Medical Theory Research

FAEHE S IR ICHT R
FTHOH S WA 1.0€2025 F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

HR 4 2 D5 25 43 BT 078 348 140 7/ 0 S 7 6 D] 25 A s Tl 4 e 12k
MLBCE AT B8 R A B ik R 7 i Nomo gram B A (1), SR A
BootstrapikXfNomogramt& B #EAT AL R I0AIE, 45 R 7R, AR
HC-index 0. 734; HHAZIE M2 FlAnE th 26 305 8L4T (B2)
ROCHH 2k 45 R B R, BIZ FHFR (areunder the curve, AUC) N
0. 809 (113)

- - TN e - a
1 []

_‘ [ -7 l
A & |

a ‘
i

o

——

Actual 1-year
Actual 2-year
-

.
.

04 05 (1] a7 08 (1] 10 o4 05 08 o7 L1.] 08 10

Nomagram-prediced Prababiity of 1-Year Nomogram=prediced Probabibty of 2-Year

G [T T T T RN T T I Py e

I

8
———

Actual 3-year

—i—y

02

T T
04 0s [+1:] or (2] (1] 10

Nomogram-prediced Probability of 3-Year

B2 T LAE L 24F [ BEEAVEARAE KUK [ Nomogrami AU £ IE Hh £k

08

06

04

AUC:=0.809

02

00
|

T T T T T T
1.0 o8 0.6 0.4 0.2 0.0
-5 M

K3 Nomogram#bi 7! Rl AVEAR 4% XU FIROC il 28 (AUC=0. 809)

4 Fig

20194, Kumar 25 ™ 1 X4 R 95 L9005 T A BE, M T T
AVFELIAR I Logistic [FIARERL, {EREAR S A/ ELAR AT S
iIE, VRO AL A2, S SLIG IR 4T . 20204, Wongmahisorn™
HT 19542 BNT ME S TAVF—ENAEETD RS, HERZ
MRS 8, RGN B A S5 M a4, 5 SO 28 S F M i
Wt RZBR . 20214, M 815" @it Logistic Rk, ME TR
AN EIIASGA, (A FIRAEEARA R, BER—. 6t
Z AR IR ) 1) B o 5 [l 48 R HEFE A AVE L &5 =400mL /min,
T 3R E £ %P0 H k5 92007300mL/min, X 75— 2 FERE FBREI T
A AL LE AR e PRSIz ke o (T REF Y o AR FTiE I 14245
BNFIK A G B R TR T AT, KIRZER . CRP. B,

AEAAERBESETEEAPREATREFRIMER P<
0.05) o % [HZK Cox BV 73 H7 fx 2645 tH 3 FHRA] R DTAR . AR A5 Ak
FEKRBEA & MLV ZKSF . {RURR, fIRIR ML 2 X 2R 28 il R
PR A2 R ST S S R 2R (P<<0. 05) .

R ] UK T 22 i (R e i /INBR 245490, 76 N I 4l A
BB RIFERAFES 1. Wan Fang Hospi tal JF& it — 3 [=] 1
HFFE " R, B A DU B AR B/ NR 25803 4 5 35 MG AV G K
SIS . KDOQL 2019 S8 HAR R ™ rh th AR e AL FH ] DL
PRATIBIT PR o BT DA PR 24 v S 2 AR 28 Co o I3 IR

5 AT H A ) S5 TRV 2R, N E o A RHRH Y P Rk 3 ) ke A 75 1 FH

Pl MRZ), DEAL . LM FHPUIL M. BRI NI
PR s FARIAERI PR, TEIE AT R R B TG 300 R IR 2 3,
ACENF /KGR« PRI DL B MBS E T o (Bl AT iR
BB IR AR R, AR BR T (R FEK) 3 B
FECEENT B KN RO EEIR, NSk B ThRg. (23X
AR BE B AR PRI AV I % M 52, H R S = T
Fo PFRYERFENT B E M E M E T, R P iEE &9
1 R AR & (Erythropoiesis—stimulating agent, ESA)
INaRI TR FA A TR, FERE R R S R AR AT IR R, AR
JE SRRIER KR (A e . RILE D) AR
N P B A RS o ALY I AR P AU R B 4 P R A
F1%) S5 85 DAL 3 I T A A A FH 4k 70 A ESA, i Bk A7 A S —
SN R, M PUE G B R R S EUBITRCE T
Fée, JE T 52 ) I 20 2 19 ) R TR, BB T i e DA I, AT ASE
I ZESAS P, A1 8 T K R 75, R0 97 51 AER . B
AR B B 2 P e U AT 28 2 ki e A, PP R 5 AR b
FRERF, FFO0 S FH 1 IRk, 0 B A R TR A

WL AP AL B, 8 E R R AR B TR IR 2 - R HERR . 18
PERIEIRZS  FAPLBUK T Ty 55 3 2 ARk P JEE T3 L4 ff
A, REAVERR A I E Bk HAL R . BT R B, A FThRE
ZEAVEIR i I BBk, TT A2 B TR = 0 HERR, S EUE N R
DRe s« 12V SRR TE ™ 5 | B YR 7R SR TE A, 18 % 671 A
KM FERALERE TR b, BT N 120 5t 0 1t 7
PEAG N IERAE, RSATHEE A B /v N o URR SIS AT IR BR 282,
R EIENT R MR B R 2 — o — WO IE AT I S D
LA, TS%IIURRIC 2 J5 [R] - B A8 A7 4E =500k . KDOQI
5 38 R R A SR, S B AR (R URR B LG A JE S IR I A e A%
[ TR R . — o X BUB T R A K URR AR 21 D o] BEAFTE Bk
ERAEEIEIRZ — . KT TURRBFIC R, ToATHT LR sn@ i K
AR, (& SIGINENT AR R TR, DRRiE AT IR AP B, IR
2 AT B2 B Tk AR AR R I, S SRR AT B A Ig B
HNBEREN R BMI R BN E TR BETRET
B, JREE R BB, WS AL RS 18 v S, T LI 2218 5
TR, S EUMAR T e A" . RIS MR & R B
S VAL B AR, SE SAREAT R ThRE IR . SREHER LR, B
% 7700, 8 T AIAVEAE A R A N . RET i

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 151



Basic Medical Theory Research

FAEHE S IR ICHT R
FTHOH S WA 1.0€2025 F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

EIRRAE RS, EACHIN IR 28R, EAVERAE KU IR, Jis 4t
) — IR BIE FE 45 SR R, BB 4P 41 IR RO R AR AR RIS, AVE
WAERAERDEMRTRE . HAVEREN. HALE E G, A& 8
TE IR FHBEET4EdP, SR S BB .

AHIEFEARYECox A1 A 73 M 45 2R, A FI BT =] DT AK L A Ik 28
ek B ALEF KT RURR. R 5 37 & K AR 1 25 o 4o )
& ARV 0T AT 258 AVER A B 57 fes e DR 3% o El L ) A2 Y
Nomogram Tl 7Y, 77 28 T+ I AR 2 I e AR AVE B A e IR
NEE, IR — I R TI BeAh, 2R T AL I T 20
BHRT BE LHFE T fRAVEREAS B RS, AT HE T 58 25 IR 90
UK S EAT A, HEBEHEIL & B 5 1R BT,

I ARAETES — B R BRI 55—, ISR Ik P9
HFEAR B AR B, X BT 2 R S TH 2068 LA 2 TR RS (132
TLRE 7, FEAS BEANIE 8 JE I, 55320 B8 0 RS 2 AR A B il
HETT SR T (R g ARS8 —, R HR A — K =
Rt B2 43 BRI N, SXAFAE — 58 R HE X AL R e, T LA,
B 50 48 A LAFE HoAth 77« AN IR BT /K B AN R BE 24 h 453
FIZ R, ST RE FEAE 2 ol RPEABA S BT X e o
HRa e A AT e

(E£mH]

A4 T AT R R B (2023-4-271)6

[ % 3]

(19 B B B2 o o 380 0% AL oG -4 o 78 38 35 T AR 4.
1t 5 % A R o A R B R SRR (55 280001, B % 16,2019,
18(6):365—373.

[2]Pisoni RL,Zepel L,Zhao J,et al.International Comparisons
of Native Arteriovenous Fistula Patency and Time to Becoming
Catheter—Free:Findings From the Dialysis Outcomes and Practi
ce Patterns Study (DOPPS)[J1.American Journal of Kidney Disea
ses,2021,77(2):245—254.

[3]Bylsma LC, Gage SM, Reichert H, et al. Arteriovenous
Fistulae for Haemodialysis: A Systematic Review and Meta—
analysis of Efficacy and Safety Outcomes[J]. European Journal
of Vascular and Endovascular Surgery,2017,54(4):513-522.

[4]1Perl J, Karaboyas A, Morgenstern H, et al. Association
between changes in quality of Tlife and mortality in hemod
ialysis patients: results from the DOPPS[J].Nephrol Dial Trans
plant,2016:gfw233.

[5]Lok CE, Huber TS, Lee T, et al. KDOQI Clinical Practice
Guideline for Vascular Access:2019 Update[J].American Journ
al of Kidney Diseases,2020,75(4):S1-S164.

[6]Ranganathan P,Deo V,Pramesh CS.Time—to—event analysis
[J].Perspectives in Clinical Research,2025,16(2):102—105.

[71Kumar Js,Sajeev Kumar K,Arun Thomas E,et al.Prediction
model for successful radiocephalic arteriovenous fistula crea
tion in patients with diabetic nephropathy[J]. Saudi J Kidney

Dis Transp1,2019,30(5):1058.

[8IWongmahisorn Y.Development and validation of a clini
cal score to predict 1—year survival of arteriovenous fistula
access:a diagnostic study[JJ.Ann Surg Treat Res,2020,98(1):44.

(915K = . i 3 3 AT 2 7% ik P9 8 2 7% B9 % o (B % R O A A
#y S [0 A B B 4 %,2021,37(6):486—491.

(1018 7% .201 9 KDOQL . 4 4 s s BR S & 35 w9 A3 [J 1.
4 ik 7 ,2020,36(5):375-378.

[11]Chang TLChen CH, Hsieh HL,et al.Effects of cardiovasc
ular medications on primary patency of hemodialysis arteriov
enous fistula[J].Sci Rep,2020,10(1):12135.

(1214 4R E 2% & B JIER 5 44, % kAT B o 04 ) 37
B (PEENEEERC D EBEERE ) [P LT R
7 %,2022,38(5):465-496.

[13]JRosati A, Conti P, Berto P, et al. Efficacy, Safety and
Pharmacoeconomic Analysis of Intravenous Ferric Carboxymalt
ose in Anemic Hemodialysis Patients Unresponsive to Ferric
Gluconate Treatment: A Multicenter Retrospective Study[J].
JCM,2022,11(18):5284.

[14]1Covic A, Mircescu G.The safety and efficacy of intrav
enous ferric carboxymaltose in anaemic patients undergoing
haemodialysis: a multi—centre, open—1label, clinical study[J].
Nephrology Dialysis Transplantation,2010,25(8):2722—2730.

[15]Steiner K.Pathophysiology of stenosis within AV fist
ulas and mechanisms of PTA. Endovascular Today[J]. Endovascu
lar Today,2016,15(6)[EB/OL].(2025—10-24).https://evtoday.com/
articles/2016—june/pathophysiology—of—stenosis—within—av
—fistulas—and—mechanisms—of—pta.

[16]Aitken E, Jackson A, Kong C,et al.Renal function, urae
mia and early arteriovenous fistula failure[J]. BMC Nephrol,
2014,15(1):179.

[171Polkinghorne KR,Lau KKP, Saunder Aet al. Does mont
hly native arteriovenous fistula blood—fTlow surveillance dete
ct significant stenosis—a randomized controlled triallJ].Ne
phrology Dialysis Transplantation,2006,21(9):2498—2506.

[18]Brahmbhatt ARemuzzi AFranzoni M,et al.The molecul
ar mechanisms of hemodialysis vascular access failure[J]. Kidn
ey International,2016,89(2):303—316.

[19]SoTiveri L,Bozzetto M,Brambilla P,et al. Hemodynamics
in AVF over time: A protective role of vascular remodeling tow
ard flow stabilization[J].Int J Artif Organs,2023,46(10—11):
547-554.

EEE AT

K (1993——), %, 3k, BRIT E M R BEA Bl5. LR
HER AT ERMEFLEARG G . 12 EIER, R
HEAT G RBEEAT, I B IR

152 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



