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BT RBEA R AR ERR(E T RS 5EEEAD. RBEIHRAT), WRETFEESN. BER
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Abstract

Lower calyx kidney stones pose clinical treatment challenges due to their specific anatomical location
(narrow infundibulum-pelvic angle and poor urine drainage). With advancements in imaging technol-
ogies such as Computed Tomography Urography (CTU), three-dimensional ultrasonography, and
minimally invasive surgical instruments, significant progress has been made in the diagnosis and
treatment strategies in recent years. This paper reviews the epidemiological characteristics, etio-
logical mechanisms, diagnostic techniques, and treatment strategies for lower calyx kidney stones,
with a focus on the selection of surgical methods (extracorporeal shock wave lithotripsy, percuta-
neous nephrolithotomy, and ureteroscopic surgery) and the differences in their indications and ef-
ficacy. Epidemiological data show that lower calyx stones account for 35%~40% of kidney stones,
and their formation is closely associated with metabolic syndrome, diabetes, and obesity. In terms
of diagnosis, CTU has become the gold standard, while Al-assisted diagnostic systems can improve
stone detection rates. Treatment strategies should consider stone burden, anatomical characteris-
tics, and overall patient condition: Extracorporeal shock wave lithotripsy is suitable for stones < 2
cm in diameter, although clearance rates are influenced by anatomical parameters; percutaneous
nephrolithotomy has a high clearance rate for complex stones but carries a risk of complications;
ureteroscopic surgery offers shorter hospitalization for stones < 3 cm. Future research should fur-
ther explore individualized treatment algorithms and incorporate biomarkers such as genetic pol-
ymorphisms and urinary metabolomics to optimize decision-making. This study provides clinical
physicians with evidence-based diagnostic and treatment references and promotes precision man-
agement of lower calyx kidney stones.
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1. 5|15

BT R ARWIR ARG AR WEE, 45 S 21 35%~40%, D5 AREIR I ff A B ('
2RI S B A A <907 IR S AR R EURE S A 450 5 i R I PRAC BB BT [1] -
ITAESR, B A A BRARTE 7 NI B MO, B 45 A R B R 2 ETHE S 50T, 2020~2025 4,
LRG0 R R TTHEA 15.2%38 K %2 18.3%, o Lo PE A LU B 1 0, 7T R 55 R0 AN AR M B
WATHR[2]. B FREARIERE Z MG RSB UIEE, BIERERNE . RS EIESE, ZKE
R AR A 1 AU e B v 60% LA 1 [3] .

LW, LR 13 PR B 4% (Computed Tomography Urography, CTU) P A% = i UK
(98%) 555 57 £ (96%) T A AR BT VAL [ & bnite, PIRE# R RGS AR/ AL E RS NSRRI, NIRIT
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TR 1)) TE SR DGR AR [4] 0 LRAh, =2 75 A5 R BOR BRI A0 T R OCEE AR S8 (s K B
Fe %), B BEBAMRGTARRI[5]. TEIRRIYETT J7 1, S OIBA Qa4 b o i 14 41 A (Extracorporeal
Shock Wave Lithotripsy, ESWL). £ iz ' 45 B AR (Percutaneous Nephrolithotomy, PCNL) A4 R & #048 F A
(Flexible Ureteroscopy, FURS) C. & il L, (HILIT ROAR 2 4540 5 far 55 R b Al i sl o RV H AT A 1)
HH DR F i A AT AR AR AR R AR AE 5 SR 3 LA R DI B B Ry T R ATIAE 4, AER R Z s O A
I, A BIERGMELR 'S T R A RATR S = Wl JOaYT RS, EASEE TRMHS
B B F UL, BRI TFAR T RIE BRI R, DR ATESRR. BRI, HEsiHIG
PR BR ()R i 2 A U AR

2. RITHRFHIESERER
2.1, SRR MERITRFIFE

B G A BRI N LRI R RGN, B R a2 AT S A 35%~40% [2]. AR
F, HEURFRREEE T . 2RISR 17148 (Global Burden of Disease, GBD)H HI 41 &7k 2021 4E4x 5k
PRAVIEAERS FRAEAL 0 30N 1242.84/10 73, %5 1990 4F T 0.87%, H B4k & M s T Lo ME (M ) Ee
2.07), AP ZRICHN X A9 2% 5 11 (3557.08/10 J5), T HH R A S bRt A & 0 %2.(964.70/10 J7) i EAR T 4Bk
SR A B B R [6] . —T0TH [ 1 22 oo T TETRF 4R PR B A TR AR R FE 400 6.4%, Hh
TR A SRR, T H AR X 1 R G KR R IR TT[7]. MhAh, B TR SR R AT TE A R )
MR SERZES, PEBM A ENEE, (BILE LW R RGE S, nTRES R R Il AR
B A MERAT 2 VA K[3].

22. RitRESEAEA

AU 2 BN R AT R BB R 3K . 2 WIS, AR (MR FE % BMI > 30 kg/m?). 2 !
B /R (Type 2 Diabetes Mellitus, T2DM) K AR 11454 1iE(Metabolic Syndrome, MetS) i 35 38 in 25 41 Az U
(8] it FHEHL A o ok & 3% 0L m i b PR HEMESE I A JRBR A B8 0 T B, AT T B T B R4 4 & by
H R PRIASE[9] o MEAh, PRI MURE AN A PR R 25 0 (V) ELHE N R, P e et A 3 R i 425 it R 9 R S 82
JE B RS S5 A (T AR 10] o JEHEK, REARIZRELS B 45 A 1B A2 BT 32 563 . W 9T R B H b =g i
i R A v 5 I 2K 1 JE [ % (High-Density Lipoprotein Cholesterol, HDL-C) IfLJiE 2 45 47 /1 i 4 37 16 [ R
7, WRESH SR A RN 2 RE RS K [11]

23 BESGRERFEZEER

BT 55 45 AR R AR R A Ty B AN PR R R L [F AR A5 IR . 4 B D 4H DGR AT 7T (Genome-Wide
Asso-ciation Study, GWAS) LRt 245 B 454 KIS AR S 2 R 7 5, flangEsE &R D 32 4&(Vitamin D
Receptor, VDR). 45 &% 3Z {4 (Calcium-Sensing Receptor, CASR) & it £ 4k 4 ffu 2 K [A T~ 23 (Fibroblast
Growth Factor 23, FGF23) 2 [KI 55 [12]. iX SeRL PR 2 A5t v gm0 . B AN BRI AU 14y, & 3 m A4
SRR EAERRE, BEESHREMIRIES, AN E SHER R maEaR
BV HAEH . ARSI ES CASR HFR R R FEMEH, 1R ERIE A AE[13]. 1t
Ab, ARBIARTRNE . miR TAESE S8 M B ACIR A IR S 2 B AR A R &K [14]. R, B R4
A TSI S s 5 e A% U VAl SR EAT T 100, DA S I SRS #E ) — e 1o

3. BTREASRSCHMBEAGRIE
T o TR B AR B AR TRV, LIS B 6 A EOR T B LU B B PG T R
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Pho GRSk, BEEMRY: 2T A RN TR REEARKRERE, BT RENNZHEECHEAREKR
B e, NIRRTy i AU HE 2 T B

3.1. RERBFEBERR

G AR AL W BRI E T REARZH b S 0Hiz . CTU A H s BUR I (98%) Ml s 7 [
(96%), CAMNE TR AW EirdE, HiSWiee B8R TR AR FA 2 /775[15]. CTU AMUEE
THW R R A AL E . KB, EREVEAE B BUKFERE KR BRS04, TR R ARt 5 2
Wt . — TR T MG PR AR (R 0 R B0 CTU 755 N 45 A S Wb M M 535 i T 5 kR B i 5
(Intravenous Urography, IVU), JGHAERUINGS A A1 28 i S5 R i) B BT B AR [16]. =4EEE A+
AT BT T RS, IR R, N TR T R A S R
WHRERY], B RSN AN T 30°~40° W, S540 HARHEH R BRAR HIa 7 MEFE RGN, = 4EHE s nl fErf &
WX — KRS, NIRRT I SCRR[17]. =408 S R HER I X L6 28, W BB AR AL T~
AR PABS FHebl 2 MAAIR T 7 ZE[18]. BhAh, =4I RE A, rTEE RSN S, EH T A KN
BEVIFIT BOTAs, 7ER R SRE A AR B R HEMEH .

3.2. FFEYFRMEAR

Gy T ER IR P HES) T R A0 BT NBRGE T 3 2 1 SR [ R A A 1 o
R~ S EAETE BT BL R > TR RS ST B U e . PRI L 2 M 25 D A 2 M e il . o
RURT-H AL s A2, B S a MR ORHE R BRI T O T AL,

321 ETRERBEAFHBRES R SHEEET

PR 23 i e 3 e o3 A BRI BE 8 R SR s MR AR AR . AN B
TIPS AT RS, SRR A AU G TR R 0 B, BB TR B R . R
NFIRESE A, (BHACHTE RAAEAR I ZE R . #80 BH RIUVIRMIR IR RE & I S8 R, 875 'F /)
IR RN AL 55— M R i R RO PR E T R R SRR I TE R e KL
(191 His 2 73 AR 456 51 77 S Mgk MRS 305 1 220 96 FH 245 % [ s T 190 AR AR I PROIE 8 3 A oy T T A el
FURRIR 3 (AN AR R ), 7158 W) AR PRAD IR R I 2 KT K sh 25 B 45 R AT AL R BE[19] o Ry IR JRAE
B D) 5 B P PR AR IR AN | T AR T 57 DA B o R B SN P 2 T U 4 P T
HE[20]. WFFCIE ek AR R AU 4 T (K0T F0AE 2 IR JRVBUE AL 57 M BRI S5 00 R R 07 s e Thm AL 42
a7 [21] o AR 2 3 ) BA 25 4 TR R e S P 2 TIE S FEB) 12T AR sMAR SRR R 20 AT 17 2 T
PRI B PR A PR R [ 14] o SRTT, HLR PR 2 N2 P AT5 R 5 A MR AR AR AR HEAL 0 A FeAS (1 A1 LA
L 22 R R WE PRI FOX 70 T AN TSRS R AT 285 i AT 38T

3.2.2. EREF 5 HYEFAFIRSHIFETB

AL T T O NI Ty B IR 1 565 1 O SR N 2 B DR 2 2, BRI I 43 i ik DR A S S T A A 6 2454
MRS ZE 57, T H8 S AR I TR SR o 45U 32 44 (Calcium-Sensing Receptor, CASR) 3 [l [ H % F &
Z A5 (G0 rs1801725) FT RE 5 A 5 AT 4 28 IR AL % xof WAk g S R JR 591 ) B PR A S 7, A A Bh T Ak 1%
KL ZHE A [14]. S5 RIS S R BUA KR 2 B 9 (Solute Carrier Family 2 Member 9,
SLC2A9) Ak [K 45 57 b PRIG HEE K VB 1) TT R0 22 e AH O, ] LAGHBh IR S FE IR IRVG T [22] A, 442K D
& (Vitamin D Receptor, VDR)JE K 2 2514 (41 Fokl) 5 4E4: 25 D RBHETEAEDC, PP HOREH B T 7885
FIEAEEZR D, VPSR SR T T AR (23] HEA 2 AN R 1) 22 2k (KX P43 (Polygenic Risk Score,
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PRS) A B AE I AAEIR tH BLAT IR A s S M4, 18 I 25 R DR 20 A0l il il A 18 4% 45 2 RE MR R
XEARUES TR N LR, AR B AR RFALE ) 5 AL (1036 77 SRR B RHA AdE B DPAL A IR A
A, ImPRERA BE ARG HE M 25 W S, ARALTT 58 $RTHIIB BRI R TR 9T

4. BT RMEFRAAMAL

BN R A RNAIT RIS R A B IEE A KN LB BRI BE R EIR R BEST R
Lotk o HurERMeNaT7 7 05 ESWL. PCNL #1 FURS, & JLEMIES RRME. ITER, B FAR
S R S BRI, M S 2 RSB TT SRIS IR oY .

4.1. I EEAR

ESWL HLAR AN T2 AT AR S, 2167 E PR/ A (R <2em)iyeigr Nz —[24].
SR, HOT AR BRI T RS AR, 98 T RIEEEE >5mm. K& <3em. KM >
30°HY, ESWL J& 454 R % (Stone-Free Rate, SFR)AIA 70%LL by 2, FHffd & EAE, SFR ATf#
& 40%LA F[25]. T4k, (K& CT HunhlE sl & SAH R R EHe S T ESWL FIASHER,
AT R RSR[5, Ak, BRA A IERE S HES (External Physical Vibration Lithecbole, EPVL) &4 Bl A
SRR THHEA AR . BFAUE R, ESWL BEA EPVL VG975 N 454 SFR nlik 83.3%, &3 m T
afi ESWL 2011 56.7% [5]. #ATM, ESWL {547 7E B 16T 3 (2 30%~400%) A1 n] 6 51 ke i it 55 =) FR
PR, RMGE TR 26 E R JCRE BB H afn i v i R 25 5]

42. BEBEHRBAR

PCNL /AL FR SR R S 45 A (AR > 2 om. 2 K &5 8 ESWL KRIBOH B G AR EAR S, AR
FE T 15 SFR (FIIA 85%~95%), JUHIE FH T S8 22 sl FE R (1) 3 [26]. TR, UBIES B B4
HUA A (Mini-Percutaneous Nephrolithotomy, Mini-PCNL)-5 8 Gl 28 K7 ' 8% HUA A (Supermini Percutane-
ous Nephrolithotomy, SMP) [ Ji& i 35 PR T F AR A5 5 H XS . —T06) LU 5 s SMP 7RG YT <2 em
B R R AR, R AR i SRR a0 T FURS, HARJS 1A SFR AlIA 95.45% [26].
BeAh, ARAEA B S AT B R, RS RGP . SAf, PCNL fF7EH I, /&%
oo NG R 2R S S, DR RR PR ARG SR, AL S R ITERE.

4.3. MRERFEFAR

FURS & m Rt KOG, EE FR4AMTPHEEZE, THLEHTHER 1~2em W4A
[27]. #r— w2 M (U 2707 =725 M /1080 5 @ D RO IR, B E T AR S FR%
S, B E AR AL — B2 17 B B M D i R A Rl 45 A 28] BFFE B, FURS 89T 'H RN 545411 SFR
T35 78.5% [26]. (EAFERAIE, B N MIRRTISH, WU # ' & A (Caliceal Pelvic Angle, CPA
< 57.8°), TI RS0 PRAE OB Bk G5 A T AEAL B H I A P A AR A [26] . 6 T PRI A R 2R 5 B0
i X DR AT RE AT A 8, 7T SR FH 45 47 #4232 K (Lithotripsy Dusting and Stone Relocation Technique, DRST),
WAL R G T AR LR HIHTI M, A EREEARER[27]. tah, AR HBEA RS 5%
W5 RGP BRI T 454 5% B 26 5 IR YL XU 28] -

4.4. BREIRTTRER

B A 52 % BRGS0 AT ORI B 4, BRI T SRS IE I B S AN R R R AR5 ORI SFR
IFERAI D k. o, FURS %18 ESWL Ja A RURAMIIEIRTT . RGN S E 2RSSR TH
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7 <2cem )LEE S A, FURS M4 ATERRZEE ST ESWL (A0 X RR =1.29, 95% ClI: 1.13~1.48)
[29]. XFFHER. BHERMISS A, PCNL BLE FURS 1) “XUE” HREE/RHEZENE. TFRERAEHSE
R EHEE FURS VGIT 2~4cm S50, HARJGIIR o S5 Bkt 3900 74540 PCNL, 1fi L4575k
FRAIH[30]. FCHHERIFERN, 4T FHE 454, PCNL () SFR A4 FURS {5 B A i Br{H & Z L #(RR
1.07,95% CI: 1.01, 1.12) [31]. Ak, BEHEES I FERMAERARKKRE, BERIT AR S EI0LKF
Wik — 4Tt

5. ALEREES TRERFESTT PN

BEE BT RBUE SRR PG R, N LB GE(Artificial Intelligence, Al IHLES 2 5] iR 2
SIEERBEE A E R R A ST e R RZIM W . Al BERCEMANE T RS A 12T MR, &
i AT G FE 5 2 5 AR DR HE 2 W B U S5 3 AN AR 1) e BNV YR YT TSR, P B BB 2 TS 1
M BhAS W 5 3 BEAE AN BRI AR 5 M AR AE LA B 22 20 2 B R AU 1 B A A PR A
X, SRR H AR

51. HBRANSEHSHENNE

Al FEEE AR A I S i N T 0 52 R A 5 A8 AT R HE B A PR BT B . BE TR 2
I} £% (Convolutional Neural Network, CNN) RV FE 2% S AR AEAG R CT UK 4B A 2R h B3Rl 7
FIE N R A A R R S UKL (39>95%),  fig i E IR RUN A A R MR A A 2R [32] . Al RefSSEE
KR ZHeas). mEEMNE, WE FRFFIKESEE. B FEAE RS R ME.
Al I 45 F 5 N T bm v D& A e P — SO (LN AR R ¥ 1ICC > 0.85), fil HH AR 5 /& [33]
NIGRAF FEAN S AR A 7200 AT RO bR AL e . E AT, LR T (A% O PR B AR dE AL
HRAZARET) . AREITHMEEEREENSE . P UEEER, SRR E S bRER = 5 — 1)
PR, SEAE AU IZG R ELT R A O R ERE AT R S B TR Ak, KRR T
TE TR B 58 CT R Ligdr, ¥ o8 ARG ss CT sl 5 G & F A feem. Kk, 1
#Z A, AHE IS TR GBI E, TR PSR E RS EE. FN, RERZEESY
BRELE Al Gk CT MIKE S M 5B S B E BARE &, ARERTREEEENIMER.

5.2. RVEFETRRB 1925 H A

BLT 22 98 2 I R A P AL) S O ML 25 ST TROIASE 28, K B A I PR 36 11 5 5040 o0 A S v L A R0 Bh il
EMIMEFAR TR, B EREARECDN FE, E). B TS H(EE TEM. WLk
FRIE) DL R s 3 BRI DL (R R Fa B B I SE), SERC: S R LightGBM . BEHLAR AR AE 2 T A [R) A
H(ESWL. FURS. PCNL)J5 45 11175 [4: 2% (Stone-Free Rate, SFR)FH 3= 3§ i MUK « A RS o6t T 45 4
fifi > 1.8 cm, B & 2F3% fA (Infundibulopelvic Angle, IPA) < 35° /{15, PCNL ##: T FURS 1] fiEA K
TR SFR [33]. X BRI RTIEVEIGIR R SR RGRE, RE NG IR ER AR SR HE T AF (R SERT . AL AR
Jraw. HET, BRI B R AT R S U SRR JE . BTN L T D s B, WIREAETE R
VRIR R BT LG DUBCRORT R o A% % REAE SRR S R AT G AL B BRAE IR R 56 ARk i
FORE N T IF R AT ARt AL R, R FH WL As 2% ST R 1 ] g R 14 122 (SHapley Additive exPlanations,
SHAP)E B AL /R 4N REAE G TN 45 IO DTk o Ak, TF R o 2 mrRE P BE AL RIS L “ Al Fli Bk
HH AR FEIRIRE R PAGTHebs 2R, RBUEHIGRH . HES)HE B RN =

AT,
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5.3. FARRKE TG S HEFE

Al T2 F ARG 70 JZ2 5 KU E B R H s iR o ARHTIE I 70 A 286 = $8 bn (U B 40 o
. CPMEA) AR LEE IO, Al BRI S N PCNL ARJ5 K. FURS ARJ& R
P PR 56 71 L RCRE R KU, A BT T T T [32] o TR FUMT 7 T, i K S 5 R A R R A A
B Bl A2 A TR Y RE A U 45 0 SR B R fe M . A BEFE sl & IR AL 2 S 5 R R S 4
R A2 o0 28 TN s 2 SR SR, 45 SRR VB O TN AR, il 2k T T A (Area Under Curve,
AUC)IA 0.82 [21] [32]. Hi vl FE TSR 5 2RI KM, HBEVI(E B o2 B MBS M, HeRER
AR A R MEBEK . RIS, AR T F) A2 5 XSG G e e A0 0 R BEBRAR . ATHRAT IO PEA TR 7 6
(BRI CR . 25 EESE), H TPV A IR T AROR T BRI KT A8 B i B SR S5 3h A U T
A0, WIESWER R AR A RSN PR, Al BESIAS T R AF 4, SRAMEAL
I S T . A A I B, AL BSIS A E R B R IE . W 50 TR EY)
WETCRIREE R, Al AEEDREBY A SCBLN “ TN R % 7 2 “RiERRT 7 IEsHL, R som AT i
SRS HE . BRSPS BT AR R R

6. ITitSRE

AHFCRGIELRIR T 3T MR AR AL 00 R R R 450 MRS T kgt WA RAT I 2 KT
=51 HAT, SEEAMAIRST USRI R Bk, Rl T EAR 1~2 om T H AR B AR 250 (n
IPA <30°) & SHXFHRAFIRRR] . PRI R A AL, PR L il 8 B R 545
B BBCA AR — P50 R e S5, DI SRS A8 2500 LU Bk = R SO R IE B2 2 e AR SO 8 . LA TR 2
BTG AR/ — R, SR A2 E B A A A ATHE PR REA LG RIS . RS R R S8 (n
IPA. I HEC 8) 48 S IR SR AT ERE MR SE—, THAR SRR . B AR 3T A AU A
RA, TFREETRE 1~2 cm G IFARIERE N BE0 IRE WA 2 ot . ATIEVERENLG BRSE, BIRETE
D SFRONEELZ i, HILHH FURS 5 PCNL M7 2805 %4l Il I H g ATIE TN IR AR BeiE B
TR G50 BEACRE S B AR AL <5 2 45 B B0l PO IR Y, SRR O TR PRl - SRR
BERUE BRI BETT, AR R AP Lo B BESI N A AR R I N TR RE IR PR IR HSCRF R GE,  Z MLVt 3L
XHRTHZTF I L b Se B 22 57t X 20 J8 38 TS RO SERRACR, HES A et

&E 3k
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