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Abstract

Background: Trigeminal neuralgia (TN) severely compromises patient health due to its excruciat-
ing pain. Percutaneous balloon compression (PBC), as a key minimally invasive treatment, selec-
tively damages myelinated fibers within the ganglion by inflating a balloon to block pain transmis-
sion. Compared to traditional procedures, it offers advantages such as reduced trauma and faster
recovery, while therapeutic efficacy can be controlled by adjusting balloon inflation parameters.
However, whether to actively maintain constant intraballoon pressure during the procedure and
its impact on long-term patient outcomes remain inconclusive. This study aims to investigate the
effects of maintaining initial balloon pressure during PBC on postoperative efficacy and recurrence
rates, while keeping the compression duration constant, to provide objective evidence for optimiz-
ing surgical techniques and improving long-term relief rates. Methods: A retrospective cohort study
included 106 TN patients who underwent PBC at our hospital between January 2021 and December
2023 and met the inclusion criteria. Patients were divided into two groups based on intraoperative
pressure management: Initial Pressure Maintenance Group (n = 49): Continuous pressure monitor-
ing dynamically adjusted balloon pressure to maintain the initial pressure (+5% fluctuation range)
after achieving an ideal pear-shaped contour, with sustained compression for 120 seconds. Non-
Maintenance Group (n = 57): Balloon pressure was adjusted only until achieving a pear-shaped con-
tour, after which pressure was allowed to decay naturally, with compression maintained for 120
seconds. Patients underwent at least 24 months of postoperative follow-up to evaluate and compare
pain relief, recurrence rates, and related complications between groups. Results: Baseline charac-
teristics including age, gender, disease duration, pain side, and affected branches were comparable
between groups (P > 0.05). Intraoperative pressure monitoring revealed no statistically significant
difference in initial filling pressure between groups (P = 0.791). However, the mean pressure and
end-compression pressure were significantly higher in the initial pressure maintenance group com-
pared to the non-maintenance group, with a significantly lower percentage of pressure decline (P <
0.001) and a large effect size (r = 0.86). Early postoperative pain relief rates (at 24 hours and 3
months) showed no significant intergroup differences (P > 0.05). At 1 year postoperatively, the pain
relief rate in the initial pressure maintenance group (95.90%) was significantly higher than that in
the non-maintenance group (84.20%, P = 0.049). At 24 months postoperatively, the recurrence rate
in the initial pressure maintenance group (8.20%) was significantly lower than that in the non-
maintenance group (22.80%, P = 0.041). Kaplan-Meier survival analysis demonstrated superior cu-
mulative pain-free survival in the initial pressure maintenance group (P = 0.039). Regarding com-
plications, the initial pressure maintenance group exhibited a higher incidence of facial numbness
at 3 months postoperatively (63.30% vs. 36.80%, P = 0.007). However, no significant differences
were observed between groups for other complications such as masticatory muscle weakness or
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perioral herpes (P > 0.05), and no severe complications occurred in either group. Conclusion: The
intraoperative balloon pressure maintenance strategy (+5%) enhances the durability of analgesia
without increasing postoperative complication rates, representing an effective and safe novel ap-
proach.
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1. 885

— X A2 5 (Trigeminal Neuralgia, TN)& — R IL A = AL 53 Ai XA i SR AE IR R 2% (1w 4
RGP, LR ™ B R AR, B PR AR A AR A 5 — AR V1O B ) 1]
[2]e Z9WIRIT N = S ZJR(TN) I — LR BT BRI (3]0 SRTM, 15T 259078 97 T REsME LA 52 FEAS B SO ()
BRG], FARIITRONEZEMERTTEM4] [5]. URARER B PR = AR 52 2 15 R I8,
Tl IfiL % i A (Microvascular Decompression, MVD)IE & 8% W\ A2 1] Be iy A B G2 ) 1 1 A0 BT 7 X
[6][7]. {EHSCHRIRIE ZAR[8]-[10], 3%~17%LA LK MVD A A GE A BRI SR I, XT3 A
SRR =X EE, MVD IIAREEFRELTEUC, BHE RN G 45 5 I = X2 PREE il
A (Percutaneous Balloon Compression, PBC) [ 1983 4 [l Mullan 1 Lichtor B {&XIRE LK, CECNIEST TN
MEEMOFR 2 —, NHEHTEZFEEE . TIEMZHMFRE MVD R EKRIIHG], fEIRKHIE
A RIANRITEET 2 B [11] [12]6

PBC HIJT 3R F ERFEX = X 275 (Gasserian 1T EIERUR, HAl PBC R & & M A
FRG— bR ETIERUCH “BE” AR FARBRIIMFRE[13]; R ERFEE /4. Meckel LA
S R 38 R0 B K A R A (R B TR 2R [ 14]-[16]5 A TR BRA o] 1 Sy 5 A 705 1) 38 B4R A, 42
INERFENT AT B 78RR, HEBR7e 4y, IR R I R Re PRI 17] [18]. (HAE BT 7L R, RIAE
LB “RUE”, RE B A SEBRTE N R S MAFAEAR K22, FLE 075 4ERF 1 P9 2B B 8] 2 2 2208 19] -
KR, PASCEVIME R R A TLA T Ae 28 T R 32 15 B FiljE I sgm . BT,
AHFFEROAE [ 5 R Aa A p sl b, BINEIEESN R E, SR BkIA B BA A I W46 7,
i AR e RE,  HACE S AERRIAG R 15 ) B SR ZE IR A O = O A R R S PR R A
H, BRBERIFRIEMIFEN, SEHPBC FAREKR —MENEWN. BHUMENEETE, URKFARE
AR, AR EF KRR R .

2. ARTRREFE
2.1. B

2021 4E 1 HE 2023 4F 12 A WIEA A7 52 PBC iAIT HAF S9N NPRUER) 106 %54 . Bl B
S F RS RAE T B E FE . P A ARATIAT MR R EHERR Gk R = X &R, FRATAUR CT
S E AN E LIS S E . AU T S EE S S H A A, g9 PBC FAREE R
HUUTFARE: (1) BIRFE IR R M = XA Lm0 WitrdE 51012 (2) X2Wia)7 s Bl E AR B
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SN JER R (e A PE LT = WA 2R (3) YN E IR FARIGIT .
2.2. FRGFZE

AR 8 RE S BTFE i 0.5 mg TIPS = SCRRZR Lo ST s 2 SRR (LA TR 22 BR)A B Ja HUAM EMA L (%
PR SCVE T DAMR B IR ARG ANIE), SKESOE SR IE Az, C B X 2L sl & S LIE M AL FEAR 45 SR FE 7= Xl
HYEANHE G A EE, KA Hartel BIABRZE, BOC M4 2~3 om dbdtsr, EIEMAIMEI ST, KA 14
SERE R L, EHRARIK N [ LI BRI B0, I 7RI 342 4 5 Fogarty BREEZE O[5 4L
T\ Meckel [CJ, 4 BREE T 22, S0 [0 BREE N R S AR B IS RE ORI IA B e £ PR 9, — e i 0N 0.3~0.8
ml (734 0.5 m1), JVES DA EERE AR SO0 B, AR B A 00 L R BRI R B S A E
ELEMARN “FUL” . AERFYIEA: RAPCR RSN v S, COESE R 8k 4R 51, &
o TR EAS T 2 | ZTHER &, AT 2K PR KNG AMEE, 4ERFRUR IR (£5%) 120
sy AR4ERFAL: R EBERUVEFILRE, BNE AR, I8 1205, 120 s JEHEEEREE, IR 5T
4, TR3A 2 Rk 2 5~10 min J5 T IR BN o o R, P RIR R, BT SE . T TARY
2 3 TTBR A S il
23. BT

2.3.1. iHEiRE

AR S R 2R FH B2 Ao 225 29T 0 T (BINT) P& 9 58 B2 73 0T 26 (1) P I G AR R R TEAT VA, LA bR it
R (D)1 of: QU % A, LRAVIAIT: Q)L % &I, N HZW L EIAG &=l
DIV G &IE, NHZPICEE AR (5)V % BIZUERRR/IR LSRR . b I~ %o A R
J7s VISR SORAAIM 1. TR T2 1L IV, VRESCHER.

2.3.2. FHEAR

ARJGHEVIVPAY: TR TGS 1 RICMEMABIF SO B IUEN: AR 1. 1T MAL 34MHL 6 AL
12 4HL 18N H L 24 A Hilid g s S B A TRE VT, 105 % AR R MR Dl B A Hp IR Ji5 R
(XA L TR RS IE . ML . B, S, MR, BRE. . W
HfiL 2R ER) IR BORIR I R], B BRI K BUE R, SR BRI GIECT DL, B E R R -
2025 12 H o LA RI0E VPG BB B TR AE R — Bh R R AT, ARG RE v 12 siiE oy kT .
3. ZiERE

Giit TR A IBM SPSS Statistics 25.0 fiR(IBM A#]). PLP < 0.05 AZEREASIHFE . 1HEE
Ble FFEIESDMITTEERIEER . Pift. BREYIE. K&, FREIELIIE + baEZERR, 4H
FEACR SRR AS t k50 AR IEAS /A0 (v B BORHOE ) R B 43 Ho) LA A i (DU 43 f7 2T BE ) [M(IQR) 3%
R, YL LR A Mann-Whitney U #8565 . THEC7RE: DLBIEL(H 4 Lb) [n (%)= R, A EECSRH ET7(0)
Kt MERIE <5 i, SR Fisher fkG L% . A7 K Kaplan-Meier 1:4: ] 5 A G o4
fEhZe, IR A A7 ih 2k e RRUCTR A AR R I L BCR A Log-rank #6536 . NS 0HT: RA r (B VP4 20 1] 22
SN, o > 0.8 FER N AR, Tk 0 A G A R IR
4. R
4.1. BEANOERIGEKRSFAE

FEBR R LBEVT B 5, AWFILDIN 106 B2 24 B = XA BRI R AR PBC)IRIT 3, Hrp4eRf
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WIEZH 49 N\ AE4ERFVIRA 57 N, FrA B85 7T 20 24 N AWMV . PR BETEFRS . M. i
PAESLZRISAE YR Z (P > 0.05), HARHYEGE 1), PRALEE RN &k 2 s,

Table 1. Population baseline comparison

= 1. AORLIEE

TR BERFYIEA(n = 49) AR E A (n = 57) BSLE (P 1H)

R 68.38 +9.38 65.87 +10.51 0.201

e 532+5.18 5.15+5.09 0.865
PR/ 53) 29/20 37/20 0.544

Table 2. Site of lesion
= 2. WAL

RERE \%! \'2] V3  V1+V2 V1I+V3 V2+V3 V1+V2+V3 JEit
A 0 7 4 1 0 6 1 19
PERRHIRA
A 1 17 4 2 0 5 1 30
il 1 9 0 3 0 4 0 17
e REI RA
A5 ] 2 12 7 4 1 12 2 40

42. RPFEHEH

WM, WA EE RV R L IESR T EE 7P = 0.791), M4EREARRE 1(139.97 +
12.75 KPa) &35 & T AR 4E 4R W1 R0 (117.22 + 14.09 KPa), HZE R HA G5 L (P < 0.001); 4374 EA
9 77 R & 43 B R A $0(2.60%, TQR: 0.95%, 3.85%), 35K T AF 4k £F ¥ K (18.40%, IQR: 13.25%,
23.85%), ZFEA GRS E (U =0.000, Z=-8.850, P <0.001), XME/HH(r=0.86)%H4EH5%
W& BEA 08D F AR E IR ) B B SRR BN R, S BRIEALE 38 45 RN AT Be ORI W 46 7K 7
FIE 7o [FIRTERATHMER B, 4ERr) 4L A5 R A FE oP AT 45 1K 77(141.74 £ 13.05 KPa) th 2 2% &= T F
HEFFYIE41(130.76 + 14.30 KPa, P < 0.001). X MEEAR FAESE [ 4ERFSRBG ey = X T4 b i e s, o
FEMEIE ). VAR IS0 L 3.

Table 3. Intraoperative pressure parameters

3. RpEHNSH

FRHIEHA FRERVIEA MNE

BREE NP E J1(KPa) 143.5+13.42 144.28 £ 15.93 P=0.791
BRI PR ES1(KPa) 139.97 + 12.75 117.22 + 14.09 P =0.000
BREFHES 141.74 £ 13.05 130.76 = 14.30 P =0.000
EHTEa S 2.60% (IQR: 0.95%, 3.85%) 18.40% (IQR: 13.25, 23.85) R =0.860

4.3. RIBEITTH

ARG AN F ] £, PRI R R W5 4 FTo o RJ5 24 /NEE N, 4ERR ) R 4L 49 11(Z% /% 2 : 100.00%)
BELPRIG IR, HA, 47 N(95.90%)iE 2|52 & T0BNI: 14%), 12 2 NIEIRIER K 78 2= 5 fif (BNI:
1T 2%), (AT F 245 AE4ERE VIR 4R 57 B 5w, 55 B (2B AR 96.50%) 3R Zefi, o 50 AN(87.72%)
IRBPEIR TR ZMBNL: 1), 5 NB.TT%MERATEREEMBNIL: 11 Z)ETLTHEHZ, X2 #(3.50%) & &
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AFAE S IRE IR (R MR 3.50%), H AL BIA 3] 4 Fisher MHAI 04T, R 4ERRYIE AT
SRR T AR LRI R AL, (P A1) 2 R AR BG4 3 M (Fisher 1636, P=0.498). {EiHIT R
Jifl, RJG 1 ERVIRS, 4ERAE AR IR AN 95.90%, &35 & TIE4EFEI R 411 84.20%, %55
ALt B L (P=0.049). X—4R19ER, RGN B, PR T 778 3 5S35 n] Puid G 25 H W e 1%
T, IRTFARLR RO AR, (ER R 4E R R A SR M il B PR R ARG | F PR R AR, R
B B BT s e
Table 4. Comparison of pain relief
2 4. BREMRIBE R
AR 24 MIOHER AR 34 A AREN R | ERRER

+

— + — + —

A7)

BRHIEA 49 (100.00%) 0 (0.00%) 49 (100.00%) 0 (0.00%) 47 (95.90%) 2 (4.10%)
JEBERHIEA  55(96.50%) 2 (3.50%) 54 (94.70%) 3 (5.30%) 48 (84.20%) 9 (15.80)

){2 1.085 3.883
P 0.498 (Fisher ﬁ%) 0.298 0.049
4.4. REHEE

PR B E ARG HRRETE I WNZE 5 iR, 4EFe) 2 AN 5 4k RE 9] R 2470 AR 5 Sz R H 300 T 58 R A 1) 5B 3
LB 151(95.90% vs. 91.20%), XAl 5 A JGIIE LR RMEAROC, (HAEES Y LR EZER(Q =
0.333, P = 0.564). BEVIZEAJG 3 ANHK, PAEE MR K ER B EE b, SRy RA0H
63.30% 1 B FHALLEMBMA, X — W3 & T AR 4EREW) R 411 36.80% (f° = 7.361, P = 0.007). 7EHE
FERAETT T, P 2H AR S TG 71(2.00% vs. 3.50%, P =1.000)5 H & #552(8.20% vs. 10.50%, P =0.935)
MIRAERYEM, ALBEZER. ARRMET, FraREEFYRICRBICIENCE R WK% 80T
E PR ARG I RE

Table 5. Postoperative complications

F 5. REHLRERR

5 ARESLEIERBEA  ARJF 3 ANAEERA RE LG /1 myiapapes
- + - + - + - + -
47 2 31 18 1 48 o 45
BREUEE 05000  (410%)  (6330%) (36.70%)  (2.00%)  (98.00%) +B20%) 9] 500
52 5 21 36 2 55 6 51
FESVEA 51500  (850%)  (36.80)  (6320%)  (3.50%)  (96.50%)  (10.50%)  (89.50%)
1 0.333 7.361 0.000 0.007
P 0.564 0.007 1.000 0.935

4.5. RIgE %5 Kaplan-Meier £ 5 h

ARJa 3 ANHEEVIR, EFRrIE AR LR BORE K EE, EERy RAd w3 1 flEERINE K,
HRN AR ARJa 12 NHBEVIR, 4ERry)Ed 2 Bl EE FAE4erryl R4 9 il HBLE ks R
Ja 24 NSV, 4EREVIR A 4 B AARGERE Y R 13 BRI E K. Bk 2 FERFRA R
% F7(8.20% vs. 22.80%, 1> = 4.196, P = 0.041), 117 6 Fim.
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NENAS VAL 2 B3 ARG TR AE AT 8], ASZIG 2 T Kaplan-Meier ZE77F#2E, WWE 1. 451 ER,
VIR AR R AR MR B & TR Ry R A, RS R B . SBRUGH AR T
(Log-rank > =4.281,P=0.039). AJ5 12 N H B, 4EFFWIEA M RATCIEEAFZERN 95.9%, AL4EFFIEA
N 84.2%; BHEBEVIN AEK 2 24 MH, PAHRBICIEFR D758 91.8%M 77.2%, 2HIH) Z 57 BEI 8]
HeRs BB Kt

Table 6. Overall recurrence rate

* 6. RAEELRER

ARE24NMNARK
45 &
+ —
SR EH 4 (8.20%) 45 (91.80)
R R A 13 (22.80%) 44 (77.20%)
Ve 4.196
P 0.041
HEAE TR AL
YAy
10 pacl
. YRR R 4H
g R T4
AR - RS
08 R R
%06
A
17
Vix
#r 0.4
0.2
0.0
0 5.0 10.0 15.0 20.0 25.0

ToIR FREE I A]_H

Figure 1. Kaplan-Meier survival analysis
1. Kaplan-Meier & 534

5. g
5.1. FREELSFERTEE M SR

ASHIE T A SRS TR RN, PRI B R N I SRR AR L PR O 9 B A 73 S o3 A 38 T Y 3 2 S (P
19>0.05), A RFHBRIELIRR R, Bhir 1T OF A R AT S vE 5 AT LbE, DAJE ST U IR A BE Hefi

52. RpEHEHERRIGREX
PIHERFER IR TS B I I Te 2 22 5, FLR DRI AT BEAE T AW FOAR p 25 DLBREE 15 U b E ST A5 I

J&

K

DOI: 10.12677/acm.2026.1631116 3109 I PR = 27


https://doi.org/10.12677/acm.2026.1631116

ERE T

FIE S ENVIER 7 RS 7). HETE NSNS Ny, BREE “RUE” T2 HIW R Ia B SORS HE . BIaR T
16 55 P8 B AL O EDWLAEAR(20] (211, ASHT ™ MOBAE IZ I RBGENIAG ), iR T PIALEE W6 8 0
JEH— Bk 5T L.

MAERFRIEARIARIE T P B3 T ARG RIS, SR 70 b B R T AR 4R s 21
(P <0.001), RIFELNNTIUFLT, IREAMIRME “BIL” 5, BALISBEH LR, 5 Shi 55[19]
RO 53— 2. XA HES Meckel ZERUMFHRIAIDC, AL AINTHN, BREES 1 IR SE . /D IH45
ALY K, PRI ST FE[22]0 AR GRS S AT A s s ik, = X SR R SRR RE Y
P38 .

53. RefrRLRmEFR AL

PIAA G FIRPR R O 22 5, TRon P b R 70 7 B S 250 R SR 1R 4 1 B AT B A R - (FLBE
BEVII T SEK:, 2253 38 B0, HEFPIEARSG | FERMEMEER. 24 A REELP 15<0.05).
Kaplan-Meier A f7 50 Hrift—DAEsE, 4EREW) R 240 RAT0M AR BB R T ARGER VIR A, o ERIvIE
YR M I AR T E R o LR R AT REAE T 1k E PBC K37 R4 0 B S AR 3 — It 1 5 Sy 0 A,
T & B H e ] A PR T SEBRARZ 1) “BRURIEFIE” « SHTHEFTIE[23] [24] PBC 2 51 A KA 8
MR AT A BRY, IX2VAYT TN [F2C8E; Bayron Z5[25]tH 45 H B i At 51 2 i [ 14 AN FEL i, A
SMEYT RO . Li SE[26]8F 5045 Feilk— DR 0, b &l ot S i s i e 5 5 R i K 2 IEAI G, PBC A
JENEEAE 5 R B0 AN BE I R E G I3 58 . XA TR TN — S5 R84 T ke, IR AR 5 510
RSB T TS B AR YR .

G FEY) R AR A R JIRGE S ok, R TE T REOR TR T K SR e P R K A T 4 A
P03 JEAB AT 55 B0y, il R P A 5 e i 3 B o S W P SO T ] P9 SE e T B R IR 4Lt 3= B b 78 i
R A RELTAEAE AN R I8 T D AR R B T - RME V12305, 155 T2 il S 2 S5 a3 i [26]. 1T
BEAE TSI T, IR EWE BRAIMEE I, T AN S & 5.

54. RIEH LI

R FOREE R — D RBIEIRI R QR R ARG KT R E 0 T AR 4R R 40, AR5 3 M H
T BB PR A 2 2R(63.30%) 42 2% 1o T AR 4ERF ) K 41(36.80%) (12 =7.361, P=0.007). AT AMREIX A “iz i
TR 5 “HPIARBRARR” FREMIME, &R E S RN S5 &0 06 LRI 7T [26] [27], %3
TR HERR SRS 1) = UM AT S (2 7). ZAESLIACH, PBC BRI SR A - ELk
TERBEEAE A FG AN TN T 0 “HROIFRE” , SRR vs F2 € 4E ) F
FEUR A B ROUE B S AL, T e e T AR R S IR IR A )R

AR R E = 1 BT, UG AAR G R R MR S AR KA L R & 2R (HEE
PR D) RE TINS5, Y0 B B T v o (5] BN D 3500 i P B R, AR Jig 3 /S H THI T R AS R AE 324X 36.80%
YERPP] 2 B35 30 T 1T B 1 L) —— X R A 2 AR TR o A% 5, 82 A5 SR AL KT
B IR, R4S RSE BA TS, FEARE 3 AN AR ERSIL 63.30%. X—IZIt
R RGBT 4E R SRS VE FMLEI DR ABL, 3878 T PBCYRYTH “UTRL” 5 “BOIELREE " Z I8
AEEA “TIE” o X— I GRAEREE B N AN A 2576 W EZ[28]-[31]: PBC ARG HIEMRA K E R E & T
UM EAR, (HZ A8, 5K 2 FEAXCESR.

[T FRA TSR B, YEFe] 2 5 JE4E ] 5 27 AR 5 FHIEILE 77(2.00% vs. 3.50%, P = 1.000) & A4 %
FIRREFESR, PERVIEYERE SRS AR INE E A AR o Z5A AT UK, A R A THE I
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H— “Wfls” , = XMRBsh 4T Ta(V3), HIEAA T = X a@ sz miby), J& %
ZOPB L, SCECPHEULRE[32] [33]. PBC ARHERFEN HARFEX RN T Meckel JiE A IR = X A 55
(BRI TREE ) S = XA AR, TS SRR A 53847, HAEEA ORI FLAT
5N SRGE LA, FA BT B BRI K X I AR IR A% O [X 3R [34]. (R, S8 Bh R 4R A
O B AR BRI K BN PN g . e —IashEF R ke bk, Fu S5[35]0F SR I PR ORI 8
ARG R AR T 2% % 57 Bergenheim 2536 R G LFATR 518 I W) 4 2 7] £ CRAUEST R A
FEARMHILTE J 8 I SOE R AR A IR AT e danis sh AP 4RO BB WA “F0)& - N7 R &, AWt
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Figure 2. Intraoperative balloon morphology
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