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Abstract:  Objective To investigate the clinical efficacy of C-arm-assisted percutaneous microballoon compression
(PMC) versus microvascular decompression (MVD) in the treatment of patients with trigeminal neuralgia (TN) , as well as
the influencing factors for the prognosis of PMC. Methods A retrospective analysis was performed for the clinical data of
135 patients with TN who were treated in Xinyu People’s Hospital from January 2020 to September 2025, with 70 patients
in the PMC group and 65 patients in the MVD group. The two groups were compared in terms of clinical outcome,
complications, time of operation, and length of hospital stay. The Firth-corrected binary logistic regression analysis was
used to identify the influencing factors for the prognosis of PMC, and an exploratory nomogram model was established based
on these influencing factors and was then validated. Results Compared with the MVD group, the PMC group had a
significantly higher overall complication rate (mainly transient complications) and significantly shorter time of operation
and length of hospital stay (P<0.05). Balloon volume >0.6 mL, compression time >110 s, and pear - shaped/pear - like
balloon morphology were influencing factors for favorable prognosis after PMC (P<0.05). Internal validation showed that the
nomogram model established based on these factors had good discriminatory ability (AUC=0.85) and calibration (P=0.623).
Conclusions  C-arm-assisted PMC achieves comparable short-term efficacy to MVD in the treatment of TN, with the

advantages of minimal invasiveness, rapid procedure, and fast recovery, and therefore, it is more suitable for primary
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hospitals, elderly patients, and patients with poor surgical tolerance. Balloon volume, compression time, and balloon

morphology are key factors for prognosis after PMC, and the nomogram model established in this study may provide a

reference for individualized clinical assessment.

Keywords: trigeminal neuralgia; percutaneous microballoon compression; microvascular decompression; prognostic

factors; nomogram

= X229 (trigeminal neuralgia, TN ) J2 I AR5 LAY

i 2, LA = SR 28 A DX P v e L D A
JE R Sy WA e B, LA 98 R R Ik R RAR S RAET
SO R H R AR BT, B A G R BN A PR 4
SIS 2R RN T B, TR T R 32
BIT T B 2 K78 I 3 3K 28 38 R (percutaneous
microballoon compression, PMC)/E AR, 3 1 8
=g AT IR . WU A 98 R (microvascular
decompression, MVD ) V| 3 i figg B i 487 He 30 52 B0 R 3R
J7 0 HETBI AR YT RO e e 8 2 L (HEE X PMC Tl
2 W D 2R A A O3 A B R AL T A B I S AT B

JEHAERZEBE . AW B TE ARG L PMC 5 MVD iR
J7 TN 1734, IR PMC TS 52 i 28, A g ml - F
FEIZ e R A T TR
1 WR55E
1.1 RS

(] o5 A £ 2020 4F 1 A —2025 4F 9 H VL0445 #r 4
N B i 2 ANEHISCA 19 135 B & M TN FR 3,
H L PMC 2 70 9], MVD 41 65 41 BEALE B AE IS R
P9 O 1) 24 R 2 GERHA 70T L (P>0.05) , LR 1. AHFSE
SRR ANRERE¥0HE N SR (5T
RMYY20220527063) .

®1 WARG—MRBLHLLER

28 %) 15 %% B4 41(%) F#(x £ 5.%) A2 (x + 5, 5) Kamia) (£14) #1(%)
PMC 28 70 26(37. 14)/44(62. 86) 53.09+5. 92 4.10+1. 20 33(47.14)/37(52. 86)
MVD #8 65 20(30. 77)/45(69. 23) 54.21+6. 34 4.01+1. 17 25(38.46)/40(61. 54)
X/HE — 0. 386 0.721 0.312 0.487
PiE — 0.534 0.472 0.732 0.485

1.2 WMASHERRIRHE

N AKRAE : DFF A TN IS AR 20 1 3 B & 1
JEI9Rg L TG T 5 & @RI 25 AT 34 LA sk
WAESR AT 52 ; @FF 4 PMC 38 MVD FAE B ETS, 6
FAREEZIUE; DI IR TR EE, RIF RT3 H .

HEBRARE : D4k & PE TN; @A K F AR S L = X
Lol s @A I E LA T AN 4, i FEAT RS i ol
AR A 5 I AR Bl o Bt 2 Bk

1.3 FRAZE
1.3.1 PMC4

ARHFIT U CT =2 5, 4> 5 RIFE S R A Hartel 27
HHE AR 7E BV Endura C B HL I 700 2 30 1 [ L
B A Fogarty Bk ¥ 48, i A E A Meckel's )5 , B2 IEA
0.5~ 1.0 mL filyA Pt 75 28 BRAE , 8 R A8 07 B (S IR e 522 f3)
BB (E 1) 4R R0 1~3 min'™' . B 5 U S 250
WS, Fia b EERFA,

A:FTRABTFIPR LT A 5 @B A B SRk 2 A ey BB,

B1 CHMHB FPMCHEEFZH



2026,53(3) ARG, 55 < 48 S SR ok B 8 ARIE YT — SO 17 S0 TG w2 ) R 26 43 Mt http://www.jinn.org.cn
1.3.2 MVD#4 TERIAB (%) 3 , LEERHH PKER . SRR Z4HTiiE P<0.10

ARHGT =3O 28 LA KRR, 4 B BRI A Il M,
Mayfield k22 & 5E , H 5 &K PR N U O, FL 5 /e & T
P, AR AL i = SO 2R AR, Teflon A7 B 25
DT 0L, 0 WY T3 AT 10 A7 b AR 1 P F 0 D) Wi
A R MR 2 R TRCE 5 A
1.4 WZRIEHR

I RIT AL, ARG 24 bR T B B 205 27 D 5T Tk
i 2% fit FE B BT 43 (Barrow Neurological Institute Pain
Intensity Scale, BND"": T 20584 T00 , Joi 25 T4
il 5 IV 0 PR Jo i sl e B o, 5 BE2G W07 s VL
FPEIE AT i . 1 ~ MR R E TR R,
QI RIE AL RAST 3/ AT IR A (ELIRETE ) 459 &
SE RO, TR E S B ER=CI R 1 FOF RAE
A G150 S5 X 100% 3 @ F-ARAHSCHE bR : T AR AEBE
KB @PMC 5 46 b5 - F5 PMC 21 53 Ay 28 it 240 5 A 2% f
., R — R ST RS
1.5 HItEFHZE

R JH SPSS 26.0 2 R 4.3.0 AP AT G 1243 Hr . 3
OB A BPRIE2E (v = 5) Fom , UBCR T e K56, 1148

100+ 90.77

90.00

SR

(7% H  BE X PMC 2045 &) 4/ 1) 1] 1, >R H Firth K2 GE
Z N Logistic A HE1T 2 R 4007, I 3L 52 m [ R
) 2 T AR TR 38 53 Bootstrap 325 (B=1 000 ) X 45 7Y i#F
AT FBEEIE , [R] R F Hosmer-Lemeshow 46 38741k 51 £k 4]
FERY ARG HERE , DA Coindex (—BOMEFEE0O PEM ALY X 43
o BT LR A K ZR Y OR (B R/ i Tt
P RAFHUS A DTk, KKt a=0.05.
2 BR
2.1 FAFTHSREMILE

PMC 45 2% % 90.00%(63/70) , Hh 5 428 48 141] |
TGRS 1 S AL T 19 MV DL ZEA#%90.77 %(59/65 ),
Hrp g 22 i 38 ) 43 DR 21 1] AR LR fifk 6 191 PRAL SR
TRRIERTLE 75 L (¢=0.028,P=0.866) ., PMC 413} K 4iF
SR #30.00% (21/70) , 78 T MVD 4 19 12.31% (8/65)
(x¥*=5.872,P<0.05) ., W2, PMC 4 LLEF i1k 1 3 sk AR
(22.86%) W JE 71 (10.00% ) K 3 s MVD 21 LT 7 B 15
(4.62%) 1t 5 U (3.08%) | /5 N IR L (1.54%) h & .
PMC 2H F AR B} [A] (30.24+7.13) min F14E B K %1 (5.83+
1.14)d ¥ 5 F MVD 41 19 (113.58+21.41) min 2 (12.46+
2.85)d(P<0.001), W#*2,

mPMCHH
B MVDZH

It KA K 21 %

wE AL AR, £ F A Gt 3 & SL(P<0.05) .

2
Fx2 WABGIFARRE . ERRELLE (% +5)
28 5] LIE F AR 818 /min AE % R 4/d
PMC 21 70 30.24+7. 13 5.83+1. 14
MVD 41 65 113.58+21. 41 12. 46+2. 85
IR — -29. 882 -17. 500
P1E — <0. 001 <0. 001

2.2 PMCAMEEWMEZST
PATR R M SR, B2 (63 101)) 5 R 2wt 2H (7)) 1

#4069 7 LR H R IR L

BRYEZSFN AR BREFPRZERA G2 L (3 P<0.05) ;
PRI Y R A At e B T 3 25 S (35 P>0.05) , L
3. HIRPEA A RIA R E IREETE AR A Firth 5 1E 2
[ 2 Logistic [F1JF 43087, 25 3 IR  BREEZAL>0.6 mL JE30
AFEI>110 s Bk R RUE / KAUE & PMC ARG s R 4F
(52 M PR 2 (35 P<0.05) , Heh sk 3% R RUE / KARUE
K (OR=8.24,95%CI:2.11~32.96,P=0.002) , .35 4,

e 74 -



2026,53(3)

AR, 55 « 28 B S I OR B TR0 ARIEST = SO 20 1Y 7280 S U 52 1) [X 3R 43 A

http://www.jinn.org.cn

#*3 PMCARRWGZ EHILLE

Fito % fE 48 (n=63) K% fgn (n=T7) X/t PAL
B4 #1(%) 23(36.51)/40(63. 49) 2(28.57)/5(71.43) 0. 187 0. 665
F# (x5, %) 53.12+5. 89 54.03+6. 12 0.329 0.743
A2l (x £ 5, %) 4.12+1.15 4.45+1.48 0.576 0.566
MR 1A H1(%) 30(47. 62)/33(52.38) 3(42.86)/4(57. 14) 0.042 0.837
B F VN2V % 3 #1(%) 5(7.94)/22(34. 92)/18(28. 57)/18(28. 57) 0(0. 00)/2(28. 57)/2(28. 57)/3(42. 86)  0.892 0. 827
HEER/(x £ 5,mL) 0.73+0. 13 0.55+0. 16 2.415 0.020
R/ (x £ 5,8) 123. 87+20. 15 97. 62+16. 38 2.208 0.032
HREMIK AT / £3 /AT / MR 41(%) 30(47.62)/25(39. 68)/4(6.35)/4(6.35) 0(0.00)/1(14.29)/4(57. 14)/2(28. 57) 12. 863 0. 005
#4 PMCAREFEENEZR Firth iR E % FZ Logistic B35 47
TE TR OR1H 95%CI P1E
HE AR <0. 6 mL=0,>0. 6 mL=1 5.87 1.92~17.93 0. 002
JE i B 1] <110s=0,>110 s=1 4.21 1.35~13. 14 0.013
HAEH K "EAAR /R F=0, 5 / KA =1 8.24 2.11~32.96 0. 002

2.3 JEKEHESRIE

BT BRI KR M H PMC RS 15 91 4 5
(E3),iZF LK C-index } 0.85(95%CI:0.79~0.91) ,
Hosmer-Lemeshow £ %; P=0.623 ; Bootstrap N #8551 .7

o i 2 5 BRAR I 2 A B v (81 4) , 22308 B E R AiE
(ROC) 4k N i fX (area under the curve, AUC) 4 0.85, #2
FNBETR S L [T DX O3 B S A HE R, T ALRE AN 5 o

5 VA

HET A OR(EH A A8t X R BIUS 1 STk

2341
JEIAHHE (2110 5) <110s @ L >110s
324
BRAEZAN(>0.6 mL) <0.6ml. @ ® >0.6 mL
4543
BRAGBIR(BUE / KF398) Wi/ e @ ® ESIVE =5
0 20 40
oy

ST R e 4

100%
80% BAIPERE : C-index=0.85(95%C1:0.79~0.91)

e 60%

TR

1

!

40%

20%

0%

S0~ 100

45 55 68 71 100

B3 PMCAKJE s R s & H

<75 -



2026,53(3) At A5 « 28 2 2E R B8 1R 30 AR VAT = SR Z IR 197 A B T w2 i IR 2 43 bt http://www.jinn.org.cn
100 -
100% 1 ;—*’
FLF 3 2 (R FIIN 4 28 S MR 68 P 7/
n=70 7
H A A Ze
Hosmer-Lemeshow £ 46 : P=0.623 Bl (}ﬂ
80% 1
7
/ 7 77
& 60% A dj]
®
=2 7
& s
= p
&
= 400 | s
P
-
y
y
y
o 7
20% o 7 1
v
p
y
0
0% £ L ’ ! ! . .
0% 20% 40% 60% 80% 100%
B £ PR T 114 22 i AR
4 PMC KB TR 71 & B A v 4,
3 e 43, SRER NISE HF 5T — B0 BRETE AR e s BUS 2

MVD 1 TN FARIGIT“ Ehrie”, nl AR T Ak B i
B A BT AR R T A RE XU 5, 252 5 B 1
FHZ R . PMCAER—Rh GBI AR, FEAEHRAE T 1E A1
T/ RIS 3 8 MVD IR 5. AR
{0 ST NN TSIl GREE A 5 v W e o =S N D A E e S
2R /N S 5T — 3K, 1ESE PMC 3T T 1R JR RO 5 MVD
Y,

PMC 4 F A B[] A BE RECE T MVD 41, 1430 A%
BB HE Y PR3, BT 324 23 B g s 7 % R B o R R 3 el

ok I RAE DT, PMC AL R AR 30 & (1 DL
T SRR A (RIS G ) SRy =, TG )™ E sl 3 A 1 9 & i s MVD
I AT B /D H LAWT 7 RS A VRO A P R A
f&IFRAE A PR IR T 45 G A S I 2 P 2R G
AR,

PMC A 1S 500 B (95 15 4 4 B0 A
FEIAHER P A=0.6 mL EIARFRI>110 s BRIERELIE /
KA IR TG RAFR 52 R 2, ¥ AR el 38 5, %
BEEEITHE B ERA R S X o BREEAF20.6 mL
5 F IR A, O W AR T Meckel's fi5 {4

L, WG A 3 R PR A BRI > 110 s 0] Bk GE A 7T

Wi A 3R, H OR (B AR =, #2735 1Z 48 ok PMC U 1 T 417
(B o BRAE AL " s B A RS, AT = SO g2
IR A] FRL Y R R AR PR OB 1 H R .

AT FT R B LR E] , 48 Bootstrap P B IE . Hosmer-
Lemeshow i 5 31E 55 X 43 B 5 R0 AT, W3 S A A 3 731
ff] EA R AR R TN PMC AR i G2 A8 At ik 2 % e ke
Z BTG VAL T B e, TR A DFEA

BT AR SRR R BB, S AR L AR R 5 >R ]
Firth K¢ T AP/ INEASEICE ATy ) 200, 2 T2 SR mT Sk 5
FA R BR A FT A58 10 512 5T, 1 YR W 4 B 25 A1 >0.6 mL 1 Tl
JEA

JRIBRYE - Bl NREAS BBVERE S, SRR A 2 h
AT R P 6 T 5 Bt 5 0 S, G2 B A8 B B e AR T A
YA IRBE Ty S TE S IR 2R o AR S K B Dy A
WIS G R BER MRIECR DAL UM R . [W] 0, i
B2 IR RS, IS BREE A AT A
i) 42 1) 45 O SR D R L i — 2P BT R A A 3 3R TR
IFRL

AW E N AMA ST %0 22 57 IR 5, i B A
WFFEEL)Z2 I R S BT A

- 76 -



2026,53(3) ARt A « 28 2 oE R B8 1 30 AR VAT = SR Z IR 17 A B T w2 i PR 2 43 bt http://www.jinn.org.cn
*x5 ERMIEHRZOERSAHRITLE
FAMe if; ol Fi BB R
Ry E 2023 49 PMC 3% 75 TN 4 55 2 -4 EMF L ANRER LA ERRTENE
EN S 2025 130 Z4 TN & PMC 5 MVD # 1t REVFHUALFERLRE 2
B, 2024 106 PMC 57 2 & K6 LA % h B % PMC A 2% & T MVD, R b @it 4a 2 2% Ao H &
o e PMC R ¥+ 3 % 54 5 Meckel's B4, ..
¥ [16] it B Y EEF R
D U 2023 72 PRp JEiH AR5 A4 R ORE
Chaves, 5" 2021 37 PMC 5 MVD i 77 2 3 bb 54 PMC 4 f# 24K T MVD
) 3ok, 1 2023 144 PMC 5 MVD #5752 B R B RER 3 H8#>60 %, PMC & 2 5 & F MVD
o (1] R E Y IR A A -Meckel IE kAR LAL S U, ey s L o g
3,5 2023 41 PMC 7 20 2 % H AR P EiE SR TR, FHIAE A 1. 460,26
Deng, 023 45 PMC 3 &R /1 5 K G B % a0k 3k R A 48 138, 65~153. 90 kPa B, 7T 52 IUA 2004 57 5 8 %, 5]
e B KR AR Rk KT A
Xu, #" 2025 37 i;i;?'ﬂ‘fk%mﬁ“%ﬁ AR 5825 3 min o S0 8 SLT5 50T VA B B 4780 R
: k5 BRI AR EAFEE . . . NN .
Zhang, % 2005 405 Eﬁg SMVD MR IEA BRI o g % R RF £ F PMCBHAALLEE S
o e s RG24 h~25 LI FH R EF,MVD KJG I BE £ a9 £ A& &
Shi, &> E Esds JE AT b - ; o . AR
Shi, 2025 14 PMC 5 MVD #77 2 A3 A2 31+ F.%,PMC ARz & 3 kAR K365 7T 42 i R A2
e 2026 135 PMC 5 MVD ¥ e +PMC 375 B % 2 4197 248 & 5 3 RS A4720. 6 mL BB H>110 s 54 / %
e LT 3k h FUS A A B 2 5 51 4 B TR 2 4k B 4F (AUC=0. 85)

A+ £ B A ik

B2, CREH B PMCIGYT TN LY 405 MVD A4,
B WA F AR EJE KRG REER S I RAE 2 R B i
PR, S A 2 B B B i TR Az 25 R s MVD S
BHR T AREE QIR GBRIEI TR B H . BREA
>0.6 mL JEIARE>110 s ERERFIE / KEFUEE PMC A
JE UG RAFRSEm 3R, R R AL R OCHE . AR
IR R M D 2k (R T AL B K =5 (AUC=0.85) , A Sy k)2
Il R AL S F AR PSR PE T a5 %

2 £ X B

[1] BENDTSEN L, ZAKRZEWSKA ] M, HEINSKOU T B, et al.
Advances in diagnosis, classification, pathophysiology, and
management of trigeminal neuralgialJ]. Lancet Neurol, 2020, 19
(9): 784-796.

(2] FAN X C, XU F X, REN H, et al. The analysis of percutaneous
balloon compression on efficacy and negative emotion in the
treatment of recurrent trigeminal neuralgia after surgical
procedures|J]. Pain Physician, 2021, 24(8): E1255-E1262.

(3] =K EE, R, F L BRGSO R AR
TRYT = SO 2RI T WSO 197 AL LA ] R BE AR R A 2
12, 2025, 31(3): 280-284.

[4] HUANG P, LIU H, LIU Z X, et al. Effectiveness of percutaneous
balloon compression (PBC) in improving physical function and
quality of life in trigeminal neuralgia: a retrospective studylJ].
Acta Neurochir (Wien), 2023, 165(12): 3905-3912.

(5]  skUm, BiaA, SO0, A5 = SUPI 2 I A5 080 A 5 7 4L
I IR R R FRRT AR SRNE (D]. [ PR 2~ i 2 PR 2

« 77 -

[6]

[9]

[10]

[11]

[12]

&, 2021, 48(5): 425-428.

Hh [ 2 BV PR IZ I P AR F T & AL, S AR R )
SR es . T EM SR BRI TR (2024 D). Th
TP A4k, 2024, 20(4): 484-508.

T E BRI b2 DI RE M SR K B, AR AR SR
P DIRERIRANRI L R 5 2x, T ENF A B IR e~ 2l 2 4h
Fregflr Z 0i 2, 55 B BORRBETRIARYT = X 206 v [
LR 3R PARIBHIOR 5 B 2838 (1A, 2022, 12
(5): 260-268.

AR S SRRy X DIRERR SR A4, o [ BRI
SMMZIMBHBE NS 2 T REM R AMRL G R R 2x, L R 2
s RLE S22, 4 b B AU DR ARVR YT = X 298
T 2898 % Z IR (2015) (1] AR 24 RL A, 2015,
31(3): 217-220.

SWEET W H, WEPSIC J G. Controlled thermocoagulation of
trigeminal ganglion and rootlets for differential destruction of
pain fibers. 1. Trigeminal neuralgialJ]. ] Neurosurg, 1974, 40(2):
143-156.

ROGERS C L, SHETTER A G, FIEDLER J A, et al. Gamma
knife radiosurgery for trigeminal neuralgia: the initial
experience of the Barrow Neurological Institute[J]. Int J Radiat
Oncol Biol Phys, 2000, 47(4): 1013-1019.

T, T . = S R0 B4 I PRAR T HE RG], A = A
&, 2024, 20(3): 469-474.

X0, BT, BRAE, 5. CRF51R R 4 2E Bk K30
ARIEYT I A = 2R (997 203 D1, o i R A 2240 R
ki, 2023, 28(6): 372-374.



2026,53(3) At A5 « 28 2 2E R B8 1R 30 AR VAT = SR Z IR 197 A B T w2 i IR 2 43 bt http://www.jinn.org.cn
[13]  ZR/hil, AR, 280 . O A5 0 R 5 428 B 28 Bk 4 R R {5 PMCRYT R & M = UM 29 I7 200 S R 1. I R

[14]

[15]

[16]

[17]

[18]

[19]

TRIT X AR = UM A AR bR S T s ()], vh AR 4F
Lo AR 245k, 2025, 27(3): 332-336.

R, RN, WA, 5 = X 2R R0 AR5
BRI R R ST R )], TR AR 2 R 2R AR, 2024, 23
(9): 966-969.

BEARI, B0 SCUH, miolR, &5 . = ORI BT 2 K e ek
R ARBOR B G 52 % 152 00 B 22 0BT 1. 116 PR AR 52 56 s
Fik, 2024, 23(21): 2297-2301.

B vh, A, AT, S 4 Sk R RR T =X
IR AR P ERE TS B Meckel ' s IR FR A AR G 1 20
K TUE RsZ ). rhAeBs 24k, 2023, 103(7): 494-499.
CHAVES J P G, DE OLIVEIRA T V H F, FRANCISCO A N, et

al. Trigeminal neuralgia recurrence: a comparison of
microvascular  decompression and  percutaneous  balloon
compression: a five years follow-up study[J]. Arq

Neuropsiquiatr, 2021, 79(1): 51-55.

XR P, E W, R IR R 30 R S T A e AR R
7 = ORI T RO RONEPIA (], pf e 4bifs 5 T hE
#2023, 18(4): 197-200.

TEYL, B, kR, 55 AR EREEY SR AT -Meckel AT L

[20]

[21]

[22]

[23]

« 78 -

MR, 2023, 28(5): 311-313, 317.

DENG S Z, LUO J L, LAT M F, et al. Percutaneous balloon
compression for trigeminal neuralgia: experience and surgical
techniques from a single institution[J]. Acta Neurol Belg, 2023,
123(6): 2295-2302.

XU H, WANG S L, WANG G G, et al. Analysis of 37 cases of
percutaneous  balloon compression for primary trigeminal
neuralgia: experience and outcome from a single center[J]. Front
Surg, 2025, 12: 1596722.

ZHANG Z Y, WENG J C, XU X L, et al. Efficacy of
microvascular decompression versus percutaneous balloon
compression in trigeminal neuralgia: a propensity-matched
retrospective analysis|J]. Neurosurg Rev, 2025, 48(1): 662.

SHI Y W, LIU W H, PENG S P, et al. Percutaneous ballon
compression, a better choice for primary trigeminal neuralgia

compared to microvascular decompression?[J]. Front Surg, 2025,

11: 1517064.

AL AR



