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BS4hA CT ZAE S ATRERANER BRI CHEANR
R AFKERNTNMME

KR, LAER, P4, Hitk, BmE
(Hramm g ER LI, FdiEm 457000)

[BE] B WEMESSG CT FZME . 45a K1 (stone surface area, SSA ) XJ4Hz FHEREKIOEREA AR ( percutaneous
nephrolithotomy, PCNL ) JG &5 A 5% B M BUMNMNME .. 753% ML A 2020 4F 8 F % 2025 4F 11 TEFH I HLE BE B2 PCNL
W E S A RE 120 6], MIEARSEE AR A AEREA (n=23) FEHESAHRRH (n=97 ), WIEREWELIRIK
POBL. ARETE S5 A CT 2 EA SSA S548hR, RAFBER S5 ZEE Logistic MIAHIiiE ARG &5 A5 MAERE R, RAZIK
FARVENFE (receiver operating characteristic, ROC ) HIZITAL B 4540 CT . SSA K B A X A S5 4540 5% B (9 B A0 A
HBR HOREBHSESORBHBEETBUKERE ., B850 CT =Wl . SSA T ARIHEE, ZRAERITFEL (Y
P<<0.05). Logistic [IJH434 7R, CT ZIE T . SSA BRI PCNL J5 454 5k B 19t far 3R (1) P<<0.05), ROC HHfiZk
TN, BE5A CTIEAR . SSA BeA KT A 5454 58 B 1 4k TR (area under the curve, AUC) KT H—F5FR M

(P<0.05). £5it ARETEZA CT FIRM(E . SSA ¥4 PCNL JE45 G AR BT a2 EE AKX PCNL AR5 25 4 5%
B BEE I TRINALRE, T A PR 2 A AT AR 7 R SR R A R

[HIA] B45; S FERSBOIEA AR, CT Bifl; 45AaRMEM; 45A%E

[FE5TES] R692.4 [SCEkFRSRD ] A XEHRS: 1674-1242 (2026) 01-0074-05

Predictive value of renal stone CT attenuation and stone surface area for residual
fragments after percutaneous nephrolithotomy holmium laser lithotripsy

WU Xinwei, JI Chuanbiao, LU Caiguang, LIU Lin, MA Pengde
(Department of Urology, Puyang Oilfield General Hospital, Puyang 457000, Henan, China)

[ Abstract] Objective To evaluate the predictive value of renal stone CT attenuation and stone surface area (SSA) for residual
fragments after percutaneous nephrolithotomy (PCNL) with holmium laser lithotripsy. Methods A total of 120 patients with renal
stones who undergoing PCNL between August 2020 and November 2025 at Puyang Oilfield General Hospital were retrospectively
enrolled. According to postoperative imaging, patients were assigned to residual fragment group (n=23) and stone-free group (n=97).
Baseline clinical data, CT attenuation values, and SSA were collected. Univariate and multivariate Logistic regression was performed
to identify independent risk factors. Receiver operating characteristic (ROC) curves were constructed to evaluate the predictive
performance of CT attenuation, SSA and their combination. Results Significant differences were found between two groups in
hydronephrosis grade, CT attenuation, SSA and operation time (all P<<0.05). Logistic regression demonstrated that higher CT
attenuation and larger SSA were both independent risk factors for residual fragments after PCNL (both P<<0.05). ROC analysis
revealed that the area under the curve (AUC) of the combined model was significantly higher than that of single indicators (P<<0.05).
Conclusion Preoperative renal stone CT attenuation and SSA are independent risk factors for residual fragments after PCNL.
Combined assessment of these two parameters yields high predictive performance, supporting individualized surgical planning.

[ Key words] Renal stone; Percutaneous nephrolithotomy with holmium laser lithotripsy; CT attenuation; Stone surface area;
Residual fragments

B S5O AR R GEH WERG , KR EZEET  AME. ma RFIEIREHE, CBONAITE
F s, REIEE AT SRR AR A A E AR, R, RIESS AR BT
YA AR (percutaneous nephrolithotomy, PCNL ) H e PR AT I By =BT, 7 P 235 4 mT 5 | R B IR
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JEYLSEREIR, Bngs AR Kk . BRUKInEE R
RE XS, HEETHEHRTFA, IERE SO
TGS A HAT, mERXT PCNL ARJ545 4 5%

B TN Z2 M TR FI AR A A A AR PR R 2

R Z FE SRR . MER M R B SR . CT 25
LEAARRHIHE AR RN TTI, nli sah A i
RN ES RS RBHS KR HHEIWEE
Hi( computed tomography, CT ) BV AT Sz 2k
W, SEiasr . BRI, MEi o
S K BOE A RO R R g5 A R

('stone surface area, SSA ) T VP45 A T fuf 1Y B H 7
bR, BE5A HARBEEMERIEAL T AR 5k A
BOR, IR EE S

UEAECAAHOCHIFFEERIT T CT S B st A1
5 PCNL RJG 25 A5 B R IOCHK , (B2 R —F8h570Hr
HARARBYN, SRR, SSA 5RE
BB AIDCHER ST 4/D, CT SEIEEE A SSA HlA
JRES AR RIE B = . BT, ABIESE i)
#r 120 f5i] PCNL 3657 B4 0 BE BIIRIRYERE, 2R
CT JfH . SSA HARESATREIER, JHHEHE
POAE, il PR HE AT R R IR AR AN T 2%
1 ZFEREHEE
L1 —fREER
BTN [BUBPERTSE YR 2020 4 8 A 2 2025

A 11 H TR S BEREAT POCNLARYT Y B 45 £ 8
HA52 0, PARRME: OLUWIKR CT. A EFRA
W2 A B4, f54 PCNL FARIGME; QARFIAE
it HA A I6Y7 ;s OIRIKTERE %, KRG 52
1 AAMNERETT . HEBRARHE: OFfEAE ™ E IS Uhg
AN [ BRH A (alanine aminotransferase, ALT)
A B o Tif (aspal’[ate aminotransferase, AST ) =3
fRIEH B, M MUEF =178 pmol/L. JREH =
143 mmol/L |, HEIfL B AE B 5 [ BE i B J5L ik 18]

( prothrombin time, PT) =16 s, {{fALEB5-EE 1L 15
B8] ( activated partial thromboplastin time, APTT ) =
45 s MM/ platelet count, PLT )<<100 X 10°/1 ]
H 12 Bl QB IR RS ARG | B
8 1l XA KITHFUIALNE 2 B, @Z A i bR %
PerE SR 8 i) ORGHPREE 2 B, A
ANFEEFRERRE 120 ], AT IBF ARRT T IR &

CT P+ —=4edi i, K5 1 M HEA CT IWPALS5 5%
FEIL. SSARREE SO EA =4 mm Z5A", H
P AT ARE: OARJG 1D A CT oRsififi &
HARM 8, Q%A 2R RS ARATE S HA LT
itk @FE AL CT FE S5 RET 257 <10%, #F
BRBT AL . AU EABAC B ZE Do WAL
PRUAWIFFE R [RIBSE AT, AN b K Bt &g HLAS 520
BEIREIT RS, CIMERREEMIER .
1.2 7%

(1) ImPRBERHCAE : JBFRIm R R IR T =
BersL e R GE, AR N DA BORH AR . Ml K
i FEE (body mass index, BMI) ], AL (W AR
S AR ) BIAE S OBE PR S g L B ).
giafis (K B, Brhd, Bhs. B 2%
B0 G5 A5G 40 B B BUKRRRE S TR ]
EHUKRREHAE . BN E RREY k. BImE
JEIEH s PN E G K B IR A
N E SR EEY K E ] AR

(2) B4 CT R . FrA BE AR T
JRZ CT 49 ( GE Discovery 750HD 64 HEEZJE CT ),
FHiSE: BRI 120kV, EHET 250 mA, JRE 1
mm, JZEE 1 mm, T CT E1% ke, A R
I, REFFES AR K R RRIZHE, SR IESER X (region
of interest, ROI) & 3 MV A5 00 CT 3=I8(E, B
SFRIEAE Z A5 AT CT 8.

(3) SSA 315 : KA CT J& &b BT fF 3

( Advantage Workstation 4.6 ) 1745 &1 =4k 1, DU
Eor#IEEE, CT EBEBGEN 100~1000 HU,
LA MERE Asha s A, FagEhsgd
T SSA, HAE M 2 IKECT{E.

(4) FARIIE: el TR R — BRI 5E R
REGHEMATIIRR CT I+ =4 dm g, Wi ahL
BN B CT Z(E A E BRI AT
ST BRI, SEEA AL, 2RI E AR
EREIRESIRE; HSCUREM:, 7 CH X4
LB ST, DS 11 Bhmsss 12 B F . s
22 AL TR TR B bR as, e EAR
22, BHY WEIEE F16~F18, BHALL B,
LW BIE L W A, L 20~40 W B0t
W4 A E TR <dmm F0RL, FIHES: st oiiin
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BB . AR E A ) &, B
EREEMEEARR 3~5 d RS RIE SR, W)
EIEARG 4~6 RN .
13 GitER*E

R SPSS 26.0 GEit AT BdESE 04 o 1%
BIES MR EFOR DI EAniEE (f+s) &
7N, EHIA FEBECR AV AEAS « K ARG
(%) o, HRILECRH] x > K3 sk Fisher fHUIHE
¥ RPN ZR et 0 55 A5 45 41 5 B A G
7L, H P<0.05 AHEPRAAZINER Logistic [119
ST, TS R R 2R, A A L (odds ratio,
OR) K 95%E =X [a] (95% confidence interval,
95%CI ), 23l Z X HE BAERHE (receiver operating
characteristic, ROC ) i<k, 1B T (area
under the curve, AUC ), BURE | 175 58 KA 8
{H, PPAh CT RE . SSA MBIAE. P<0.05 K
ZRAGFE L.
2 FR
201 ELER

WA 1 HBE AR, K 120 FIEFH
NEATRERE (n=23) FIAREEAFREA (n=97),
2 HEBETE B BUKRLEE RHTE 4541 CT I8 E . SSA
L FARE B 2 R B A G0 L(H P<0.05 );
2 ZHARWSY . MR BMILL WRARELR | S5A00E . S5A%K
MO ERF R ES G EE YL (1 P>
0.05), HAAHME (£ 1),

F1 2HEBEERABILRMDG (%), T+s5]

Gk 7B BT 4 4 7 BT )
i (ijz;ﬂ )'H j'E/( HE?;E)' o
i (%) 48.25+10.18 46.92+9.78  0.582 0.562
5 0.005 0.941
B 13 (56.52) 54 (55.67)
Lk 10 (43.48) 43 (44.33)

BMI ( kg/m® ) 25.2843.12 24914295 0535 0.59
M AR 2 9 (39.13) 35 (36.08)  0.074 0.785
RIS 8 (34.78) 31 (31.96)  0.068 0.795

WEIR G 7 (30.43) 15 (1546) 2783 0.095
e I3 2 7 (3043) 18 (18.56)  1.590 0.207
A E 1.568 0.815
5% 3 (13.04) 17 (17.53)
BFrhag 4(17.39) 21 (21.65)
BT 6 (26.09) 25 (25.77)
(= 7 (30.43) 28 (28.87)
2R 3 (13.04) 6 (6.19)
EAPARA G 2439 0.118
L1V 3 7 (30.43) 47 (48.45)

gR1
Yk 7 ER B ) 4kl BRI
b (ijz;ﬂ )'H j'E/( HE?;E)' o
E7a 16 (69.57) 50 (51.55)
A EAE (mm) 24.58+6.28 23.92+582 0482 0.631
B AR AR 6.436  0.001
R 5(21.74) 49 (50.52)
R 13 (56.52) 37 (38.14)
B 5(21.74) 11 (11.34)

ARG CT #EW{H (HU) 982.36+195.48 823.57+194.65 3.515 0.001
SSA (mm?) 193.85+38.96 164.58+38.72 3.256 0.001
FARASE (min) 107.82+£21.56  97.01+23.64 2.003 0.047

T BMI AR RHEEG CT NIRRT, SSA ek AR mp,
2.2 AREHEA%RENZEE Logistic B34

W2 P<<0.05 BOFE R (R CT 20
{H . SSA | B BUKFRREE | F-AREHE A ZH K Logistic
mHSHT, DAES AR R AR (JCFR B =0, 5%
B=1), 258 5/R, KRHj CT ZWET = . SSA HER
i PCNL AR5 45 4 5% B mh sz fals R 2R ( 34 P<0.05)

(F£2).

*2 REHAERBHIESERE Logistic EVASHr
ER s B SE  Wald P OR (95%CI)
BFHUKFEEE 0575 0384 2250 0.134 1.778 (0.838~3.771)
ARETCT #EWAH  0.004 0.001 9461 0.002 1.004 (1.002~1.007)

SSA 0.020 0.008 7.210 0.007 1.020 ( 1.005~1.035)
FABFa] 0.018 0.012 2201 0.138 1.018 (0.994~1.043)
WL —11.774 2.578 20.855 0.001 -

H: OR AHAEI; 95%CT R 95% 5 IX A5 CT MITEHIHTZEEHE; SSA
WEEGHRTRL
23 BHERCT HAME. SSA MARELEAKZHTR
MINE

ROC MiZksrdrisn, ARui CT = (E NS A
FREAN AUC 2 0.717 (95%CI: 0.628~0.796 ), Hefk:
FIBIE N 886.55 HU, U N 73.91%, FEEEN
64.95%; SSA TMIARJFE5AFREAT AUC A 0.697
(95%CI: 0.607~0.778 ), T AEHWI{E N 165.62,
JEPE R 78.26%, F5SEEE N 58.76%; THEBA KN AY
AUC H 0.801 (95%CI: 0.718~0.868 ), UL Ny
95.65%, FESEHN 57.73%, BEARMIE AUC BE
BT FR (P<<0.05) (%3, F 1),

#x3 BEACTE. SSAMARELEAKBHTNMNE

BiE BURE FRRIE

L %
b AUC 95%ClI wEE (%) (%)

ARFCTME 0717 0.628~0.796  886.55  73.91 64.95 0.001
SSA 0.697 0.607~0.778 16562 7826 58.76 0.001
WHE4 0801 0.718~0.868  0.127  95.65 57.73 0.001

e AUC ML TR 95%Cl R 95% B HXIA]; CT Mt FEHLIZH
s SSA W& AR,
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1 ROC HiZ ¥l PCNL RIGE&R*HE
Y ROC Wik FHRERSE ;s PONL W B BUKHOCHA A s CT it
SIS R,
3 Wit

PCNL 545 A5k BT BB 545 A Fetk . FARERAE .
BEIREAMIG; Sia B s . fr R T
AMERE, ZEA R MELMICTE bR RN i 4
FSEE . SR HE D) BE RS RS S PR ARES A i A A HE
HUR RTINS . RS S ik B T S Est
GE K. BRUONE, EEENERERE". K
I, SERARATH AR AL 5% B RS . TR
5. REAAERREECHE,

CT FEW B S BB 2850 % B 18R, 545 R
g1 SRS SRR FE R YIAOC . BRI, CT %8
(HA] SR EE A BB TR, BRES . WAEIRAS SR
JA3 i BB , CT S (ERR 7 , 45 A T b U
Bk BOER AR O BE R A5 A R K TR,
FEAE i R, WRAESE AP R, 0%
RERMELLZES, BAKCR TR, SIEMER =4 mm
MFREAR A, ARSI, W CT IS A
RHESNV K%, WA G = A AN R -, HELA
W IRE ASREEL, BTREE s . BhReE
TR R A b B, Sk B AU Li A
5T N, PCNL RJGE5A5R R E RIS A CT Hi
B T IOER & W CT (i 5 ARG 45 a7
BRACR B VIFC, 5 R a5 R —8, AR,
SR ARE RN E S A CT R E P B Tk
dEABREA, Logistic MIHE R, W45 CT =I(E
T2 PCNL ARJ5245 ARSI falm AR, #2
7~ CT A SR G 45 5% B8 XU 2% UIAH DG o A [

BRA : i CT FEIRAESS A A K, BB A 5
T B A R L A 2 T HE L A INR
AR HOCRE A 2 SR ERT R SZBR, IMELL 58 4
WA s TR, e B B 4 WA S B B R b
BRI, FTRES Dt PRAS RIS, EBEIEK I | e
BHASHRE - HES , SR gl A sk ™. eah, & CT
VR AELE O AL RESE Al ) | SR B SRR
WEaEHAG i, RETEE AL,

SSA JEIET AL AL B 4 A 1 g 1 GRS A
WA A ARSI T R R A, AT R R A
KN TER B AE B NEN B A A it
A EET AT E AR FRE, KL SSA 5
SiA R EIEARDC, HEUE R/ NRE A T 2 AL
g A aE, HRMBUK, 45655803 mlm
RS, A S TR 35 . B SO 2 B
RN G R, SSA>180 mm? Bf, PCNL fi)
HAERREE T, REEREXEHET S, =
BLJE R Ry R A R B A e e g, HE
WXERERT . SR A, HAMFEEESAR
WIS A, SSA R, A JEZEMRE T /N
SR BE A AN B, B R T I B LA IS T
i, stk A", MEAAFSTIESE, SSA J2
S PCNL JPRL G ER, SSA B, FARA(A]
A, AR MERE R, RS R 8 R B
K, — HABHHIRE HARHRIE S BRI AT I gk 83
AT, S5AGR AR RTT SSA B & TR
AFREHA, Logistic [MIHE/R, SSA HEAZE PCNL R
JEES AR IS BRI E, $R SSA 5ARIG5R
KB YIASE, ATEEARRTPEAL T ARMERE | Fmwe e
BOR K Ag ARG RE hRIEEEAEN, HE5Y R
HIRITE R

EAMFIUESE, Ba5A CT H{E . SSA ¥
PCNL RJG45A 5 A B VI G, Autotiid ROC i
LM R, BESA CT ZIE . SSA FIA 5456
FREE AUC 23500 0717, 0.697, H/R%H—I8HR
XA G S5 5% B B — @ Im R TN A, PR B
ARE AUC 2 0.801, BEE TH—35Fk, Tl
HERRE A SEPE 25 4R T, 0 I R AT 38 A AR T ER
BV 45 4 CT FEURAES SSA, HURS K T
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ARG 45 5% B B R S5 4 o X CT FElE =7 H. SSA
BREE, "IARBAT ARG S, Wk sTRek
WO VS B DA SR A A X,
ENMTAREM, ARJFExHH g BEy i, Kt
W R AT HEA R B A, RS2 HEA
PRGN s A A5 T TR G, Bl aR BA 45 A S EOR
R I RES )

2 L, PCNL AJ5 456 5% B & ARHT CT
. SSA ¥R ETE; CT Fh{H . SSA & PCNL K
JE S5 A FR B ST fER B 2, BRGNS S REAA
TH—8hr. AR AEERRM:: 55—, FHfu
MBS, FEARAIR, fEEEEmA; 5,
{RATS CT ifl, RATIAREERALE AR CT
WIE, TRRBEEAREAR L. RESEE MK
W%, REAESAE CT 2l 55 m =%,
it 58 AR & . A K IER G,
ARG SR TR MR YR . ROk RS
Huls . REEAS . KEETRIFGY, A E 2GRS AT
JrXAg S BN I B T I RS FH 1

S 30k
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