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(FEE] B 20 b7 ™ W05 J5 B R 1 58 A 22 X 4 45 & fiE - (Paroxysmal sympathetic
hyperactivity, PSH) ¥ 5% (hyperbaric oxygen, HBO) J7 L5 F1 AR 24540 &UA v 2E 8 24
AR SEE . Tk BUBIPEG N 2017 46 9 H-2023 48 7 H B #BEE R 220 8 A 041 e BE & ot
eih = KRG 5 PSH B3 . WURBE I — MR A0kl L e, &9F
AE ABERT AR CEAARAE. UK T, RATTESNEE) . PSH RAERHE. HBO ¥RJ7 k%, PSH
9T 2590 BRI ROk SR 22 B 5 Logistic (813 AN G20 M SRS PE 2825 5 HBO
TRIT UK G . BB JENIRFF S AINFIHERR bR UENY) PSH 3% 75 1, H b HBO fiy7 2

GRIT 10 0O 32 B (42.7%), SEEPERERZ 38 B (50.7%). HBO KJ7fE (VI >10 O

BH ERH T PR 2 % 5 T HBO 7 F2 R [65.1%(28/43) Lt 31.3%(10/32), P <0.05]. £ A%
Logistic [HIAZr TR IEEVIIF LA, KANEBNEE . RAERT . RAER LIRS T 55 R
AR, HBO KITHE S G VEPEIRZS W AH9C (OR=0.27, 95%CI: 0.09~0.82, P <
0.05). ¥ 75 # PSH & ¥ % HBO Jyfe7r WL N =4, M HBO10 K4 32§ (42.7%),
HBO20 ¥k 4H 15 il (20.0%), HBO30 K4 28 il (37.3%). I &P Z 5 HBO ¥RY7 X
AT RRA </ R B AR PO P08 24 5 HBO YR I7 IRBUEAR S, A5 RN 0.331, P=0.004.
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Correlation Between Hyperbaric Oxygen Therapy Course and Reduction of Clonazepam

in Patients with Paroxysmal Sympathetic Hyperactivity: A Retrospective Cohort Study
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[ Abstract] Objective Analyze the correlation between the duration of hyperbaric oxygen
(HBO) treatment and the reduction of oral medication clonazepam in patients with paroxysmal
sympathetic hyperactivity (PSH) after severe brain injury.Method Retrospective inclusion of PSH
patients with severe brain injury admitted to the Rehabilitation Center of Fuxing Hospital Affiliated
to Capital Medical University from September 2017 to July 2023. Collect general demographic and
sociological data, etiology, lesion site, comorbidities, physical examination upon admission (vital
signs, muscle tone, joint range of motion), PSH attack characteristics, HBO treatment frequency,
PSH treatment drugs and dosage, and other medical records of patients. Multiple logistic regression
and rank correlation analysis were used to investigate the correlation between the reduction of
clonazepam and the number of HBO treatments.Result A total of 75 PSH patients who met the
inclusion and exclusion criteria were selected, including 32 cases (42.7%) of HBO short course (10
treatments) and 38 cases (50.7%) of clonazepam reduction. The reduction rate of clonazepam in
patients with long-term HBO treatment (>10 treatments) was higher than that in patients with short-
term HBO treatment (65.1% (28/43) compared to 31.3% (10/32), P<0.05). After adjusting for

confounding factors such as tracheostomy, heart rate, joint range of motion, sweating during attacks,



and increased muscle tension during attacks, multivariate logistic regression analysis showed a
significant correlation (OR=0.27, 95% CI: 0.09-0.82, P<0.05) between long-term HBO treatment
and reduction of clonazepam. 75 PSH patients were divided into three groups according to the HBO
treatment course, including 32 cases (42.7%) in the HBO 10 dose group, 15 cases (20.0%) in the
HBO 20 dose group, and 28 cases (37.3%) in the HBO 30 dose group. The rank correlation analysis
between the reduction of chloramphenicol and the number of HBO treatments showed a positive
correlation with a correlation coefficient of 0.331 and P=0.004. Conclusion HBO treatment can
reduce the dosage of the oral drug clonazepam for PSH, thereby reducing drug-induced side effects
and becoming a non pharmacological treatment option for PSH.
[ Keywords] hyperbaric oxygen; paroxysmal sympathetic hyperactivity; clonazepam

Funding: Capital Health Development Special Fund (First Published 2022-4-7022); Beijing
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1.1 BEFEX S

AT T H e [ B A BB FE . W FURT ROy 2017 5 9 H—2023 5 7 A HH#EREK
B 52 4 B e e A O 1 Hh B AR A 5 PSH R . AINBRE: ONBERS, RERiilr
FERER (GCS) 14 3~12 4r: @PSH 2Witr#iS I PSH-AM E£; @F#>18 ¥
@AM FAPEAIT PSH: ®HBO RI7>10 K. HEBRbRE: O THIIEIEAE: O
i d @& EEI; @HBO 1EJ7 < 10 ;. ®HBO JA)T BT AR M Zm 19 ©ff
EEEF. FIRREAY); ORI BIT IR T Z 5 bt HAE PSH ZfE AT VA M B . %
WHAT 2023 4F 4 J 23 H3RAS LR BAC B R b, 1% 504 2023FXHEC-
KSP022,
1.2 BT

I T R GURIUIT PSH S IR %k, %5248 554 HBO KJ7FEIAYT (HBO
RITRE>10 VO, SRR PSH DURZVIEMIGPERZ (HBO AT J5 SUIH PH s =
>0.5mg). RALREAFEER . M. SR EE HBO YT IR TR, MR EHZ T (o
Uiy W, FARRED, BBEer GUET . ER. BT B N HoAhD, PR
OFFRFR ZBIRER ANFAR AR RA S RO AP G, 5 BUK CH,
T, AIE (RLE. BRI O BAME ) NBEh A frfi e (IRIR. O3, PRI
g, M) SRRSO, Jo). Wik G, 1E%, &), GCS Wiy, PSH
RAEKFHE (PPIRATE I, DRI R . Dk hThmE . s &) % . H PSH
2 Wb v K E B A PSH YA 48 Jiti (paroxysmal sympathetic hyperactivity assessment

measure, PSH-AM)I3 141 | G HEFHAME ARG : (1) IGRKFHEEF (Clinical Feature Scale,



CFS): ZEmRX PSH KRAIEMIA M ARER I ™ BT . (2) Wi aet TA
(Diagnosis Likelihood Tool, DLT): % T E ¥4l PSH iZWriI#fE M. it CFS 1 DLT H) &
SMfiE PSH 121K, HBO ¥R7 A YO 2260 =% A, FHHE 30min, #2777 0.2MPa,
% 60min, JRE 20 min, 1/d, 10 JON—MT7RE; [EIRG 5 REEAT 28 AT L.
1.3 KRB A

A FAUNAPSHEF 7541, HAHBORITHEZ (HBORYT10¢%). HBOKIT R
(HBOYRYT > 1070 735l 3241 F143 451, I 111 e 24 W) SURH 7 P sk 24) 2270 3l J931.3% A

65.1%, TERTES K HENO.0SHIRIGARE T (CRUMASES ), 211 EAGTIE AL HE N87.98%, Wl &

1.4 GivhF#AbE

Kl SPSS 25.0 MGt 2 F A A R EHE , 75 & IR A 43 A1 (1T i VERER F 35 et 72 (x
s) BRFR, ARLECRAAIFEAR ¢ K56 FIESAMEITEREERA M (P, Prs) ¥
AR, AR BRI L . THECR R DUARRT Y RLE (%) BRFR, R HECRH 2
Rt . CABALIE P {EIPAS S IR A /e HBO KA TR EH IS ER, P<0.05 %R
B, RAZHEE logistics FF/ T HBO K/My7FE-5 &M PG PRIRZG ARG, B RN
HBO /A7 FELL K AE HBO K/ 7 A 8 T 0 A NI BT TR A | (P<<0.05), HAZEN

SUHPEPEIR S 515 o RARRAR S04 W 0 SRS PE P25 5 HBO a7 IR k. B P<

K

0.05 NEFAFGLIHE L.

gl

2 R

2.1 —RIGRE R

SENIETSHITT BN S HERARHERIPSHE 2, PR (47.7£15.4) %, H1E5341

(70.7%). HBORIITFRZH32M], HBOKITFELHA3M], Y PHEEIRZ538%1 (50.1%). P4



FACRTIENEZRLE, ZRASH%E L (P<0.05), HER#EL.

F1 HBOM/KITRREBHEEAFRIHRR

Tab.1 Distribution of clinical data in patients with short/long courses of HBO

TH HBOMJITRA (n=32) HBOKTEA (n=43) P&
EW#y (x5, %) 49.28+14.088 46.53+16.384 0.435
F[n(%)] 21(65.6%) 32(74.4%) 0.408
P55 9% 8 [ n(%6)]
s 9(28.1%) 9(20.9%) 0.471
Hif 16(50.0%) 24(55.8%) 0.618
HoAhs 7(21.9%) 10(23.3%) 0.888
FARITA(%)]
FB MR AR 9(28.1%) 15(34.9%) 0.535
MAFAR 7(21.9%) 7(16.3%) 0.538
Fioi 5 A AR 8(25.0%) 6(14.0%) 0.225
FFATFA 22(68.8%) 28(65.1%) 0.741
sy 5(15.6%) 10(23.3%) 0.414
WAGERAL(%)]
BT 8(25.0%) 9(20.9%) 0.677
T 3(9.4%) 5(11.6%) 1.000
i+ 3(9.4%) 6(14.0%) 0.546
Fisi - 12(37.5%) 16(37.2%) 0.979
/NG 3(9.4%) 1(2.3%) 0.307
HoAh 25(78.1%) 32(74.4%) 0.710
KEVITF[n(%)] 26 (81.3%) 40(93.0%) 0.121
IR [n(%)] 11 (34.4%) 11(25.6%) 0.408
GCSPRIMM (Or) 53] 8(7,9) 8(7,9) 0.569
B FHRE[1(%)]
5 ML [1(%)] 16 (50.0%) 16(37.2%) 0.268
2B PRI [1(%)] 6 (18.8%) 7(16.3%) 0.780
SOV [1(%)] 1 (3.1%) 3(7.0%) 0.632
Ji B8 A M5 [n(%)] 2 (6.3%) 3(7.0%) 1.000
RIREHBOYRITHIE M (Q) K] 54.0(34.0,102.8) 69(42.8,138) 0.215
NGy
RIRIM (Qr) ,°C] 36.8 (36.5,37.2) 36.8 (36.5,37.2) 0.331
DERIM (Qr) IK/4Y] 90 (80.5,95.8) 90.0 (84.0,105.0) 0.100
BRI M (Qr) IK/57] 18 (16.3,20.0) 20.0 (18.0,20.0) 0.239
SBP[M (Qr) ,mmHg] 126.5 (120.0,135.0) 130.0 (120.0,135.0) 0.918
SDP[M (Qr) ,mmHg] 80.0 (71.3,84.0) 80.0 (75.0,85.0) 0.670
KITERNZIR[1n(%)] 14 (43.8%) 9 (20.9%) 0.034
L3k F3[n(%)] 0.954
VLK F3 A 12 (37.5%) 13 (30.2%)

ISR 3 1%

5 (15.6%)

12 (27.9%)




i H HBOMESTYE (n=32) HBOKITHHA (n=43) PH
Wk S v 15 (46.9%) 18 (41.9%)

2.2 B BEPSHRAIERHME L&

PR B PSHAAE I D ARIG R, VT, WITK &, IR e, RS IR g PR L

B, ZRBESGIFEL (P>0.05). K2,

F2 PR EPSHE BRI R

Tab.2 Comparison of PSH seizure characteristics between two groups of patients

TiH HBO 724 (n=32) HBO KJTHEA (n=43) giitE P
LR [n(%)] 22 (68.8%) 32 (74.4%) 0.292 0.589
HHF[n(%)] 14 (43.8%) 26 (60.5%) 2.060 0.151
WK J138 = [n(%)] 24 (75.0%) 26 (60.5%) 1.744 0.187
i 38 = [n(%)] 8 (25.0%) 7 (16.3%) 0.872 0.350
RIn(%)] 6 (18.8%) 11 (25.6%) 0.488 0.485
PG R [1(%)] 9 (28.1%) 10 (23.3%) 0.230 0.632

23 BFETENIFIE

W1, R2FR, KRINENZREHBOK/ AT B oA g, gV, O
Ry RAERT A RAERT WK 1A s P 4 R 22 S /)y, Rl BE N2 HBOYT #2451 i &UAH P
PRI ZGAE PR TR AR =
2.4 HARZY) ST A2 5 HBOYT 12 HIAE S

EHBOME T 2 B H AHBOK T REEE T, DIRGE MGG RA T L EER
[31.3%(10/32) L. 65.1%(28/43), P < 0.05], A LLAE Lk 4 (odds ratio, OR)40.24 (95%CI:
0.09~0.65). % [K & Logistic [l AR ARUAZ IE VR AR 2 5200 5, HBOK YT 25 SUS U vF s 24
FMK (OR=0.27, 95%CI: 0.09~0.82, P<0.05). VEWNE3,

R/ SWEAFRARZERlogisticsEVFNTLER

Tab.3  Results of multivariate logistics regression analysis of clonazepam drug reduction

izt B1H SE  Wald OR (95% CI) P1E
SEUIF -0.65 085 0.59 0.52 (0.10~2.75) 0.444
e 0.02 0.02 1.42 1.02 €0.99~1.07) 0.233
HBO J7# (LAKITHEN 1 A4 -133  0.57 537 0.27 (0.09~0.82) 0.021
KA BN 2R -0.10  0.61 0.03 0.90 (0.27~2.99) 0.868
RAERT 130 0.54 5.80 3.69 (1.28~10.65) 0.016

RAET LK 38 e 0.55 0.58 0.91 1.73 (0.56~5.35) 0.339




OR(odds ratio): HEfE EE; CI (confidence interval): B A5 X [A].
2.5 SRHPHEIRZ S HBOE T IREUHE AT

¥ 75IPSHE F X HBOJT F243 WLA N =4, HATHBO10X 3245 (42.7%), HBO20IX
#1515 (20.0%), HBO30/XZH28% (37.3%). H45UAH PG PHIR 2 S HBOYR YT IREGEHAT FRAH G

AT R B RS T PR 2 SHBOYR YT IRELIEAASS, MR RECN0.331, P=0.004, LKL,

107 rs=0.331
P=0.004
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Fig. 1: The number of hyperbaric oxygen treatments and the dose of clonazepam
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AHFFEE T 75BIPSHEF MR BERE, B IKIRE T HBOJT L HIRES ) SR VG P I 2
PIARSGHE, S5 EoR, ERSRIERAF KW T, HBOKIT 5 SUH I 2y B2 40
& (OR=0.27, 95%CI: 0.09~0.82, P <0.05), HFHH /#1301 EAETE P25 S HBOYR YT
BUEAMSR, AHRRECN0.331, P=0.004, $Z7xHBORYT UCEUHG N 5EA AT AEJak/ D> SR VG v
M A, B PSH AR 3 AT HBOKY T FE 1A Y70 T~ PR SR va P I T RURS: , B2 e 2
FREMA A EER L.

PSHIGIT ZiMRi IR %, EFER k08 B2k IS, o2 ARBsh I, v-2
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FEEAL LIS 2 W v R 2 K ERE M A 2 () RO SRR IR TR IS, L7 SO AR B 5
4, DETHEFHRNRLITIAPSHEE, LES T0EFBUA RS, RIS
PEHIPSHAAEST AT, EH i vg e 45 i A F B S e 06T . DRIk, S4REIE A
BRI IRYT T RIC AL EE . CR B4R HHBO W i i S50 52 495 i i 2 21 1 AR
W WOERK I TR, B SME T BRI 2 ), XPSHE R T ]
P RORE 0, ARHH 5 s 7S BIPSHAR R KA AN —, St 8 A FH K7 5 101 i 24 420 S
PEAR SR 0 83, ZIHBORYT G RAESZRIRA, SURSTEREAE A R, 2R ER
Logisticlal 9443 # /s HBOK ST HE 5 SN PO PRI 24 S E A% (OR=0.27, 95%CI:
0.09~0.82, P <0.05), FRAHIC M3 B S PO P2 S HBOYR T IR B S IEA G, MR R E
N0.331, P=0.004. IR 702 B H R4 #7548 X (Neutrophil Extracellular Traps
NETs) FJ'S:E0I5 MR #1455 A58 a2 v RIS 19, 5 iRk, i IR E/K PR
HENEs. 200, A AR AT 5 K BITHBO T Y8/ NETs & &1, KA HBOYA 7 PSH AT A & i it
IONETs & & S2HL1,  JF HHBOXTPSHI AT I HLIFAS R BR T S 3.

ANTE] T AR 5 G 4 M5 A PSH 5 i W 10993 R (21231, AR 7 v 7 549 PSHLUER 25 473 1 i 43
P 1524%, XA RS AL UA R A BCRAT G . H BTN PSHAOR I I A 3R,
HAR ) T AR 3 2, — R QUMGEICURR i H BI45 HERN 114 5 PSHF Y 471 35 4 1241,
17 02 PR R AR PSH B - I AR I 23 S 129, R FUP- 4R R 947.715.4% , TThe 54!
P3RBT () LB A 06 ARHIF 7 Hh T3 1 15 53491(70.7%), 1% 5 2 AT ORI 7o 45 SR —Bs 24
200, H B R S R AE G493 1 AL 3 PR Sh A RS R AN ) 5 VR B 5 v R T e LR A
TER, FEXSERERL b, BEVESCR A FRAR T 8 LA S g 281, AR 5T P PSHIR &
MIGCSIF4r N8 (7,9), X5 HiMwFE—5, FKUIPSHYE S N0 S s W. &

W R E VIR S 6561(86.7%), 5 UIERIE (1152120, 2E A PSHE & GCSIE I/ 17



B, T EAEUIIFAR M B L2 5 HH ™ 5 I A ™ B K RORBRERS s A
JF G307 R KRR T PSHMK S, RIS TPSHEE B BUR AR UE B .

ST B T PSH A 30 2 7 7 WARGE—, B0 b A5 5 3 A A48 S Fefi .
W, BERIXED RSB T ER, W, . Wit ARSI WA E AR, D
PRFNRT IR B e 555 105 21 300 ARfF T g 45195 28491(37.3%), 3% 5 2 Wi i #MA FAEICU
PSHIFH5 3 5 — 204 Shift 70 S AR MBGE NBR s v ) LR Ty S g4I i
(20, R b =% o P 3 L5 308 8 TS ) L o e AN 1T B PSHUR A

T PSHEH WL I PRAEFAEHE AR IE A —, S BRE JE 2 48 HH A o L P G PRAFAE AR
VORPPIR R ML AR R AL TR, 5 TRICU R 5 10 3 T LT
TR & 1B, i A A M PSHAFAE I v (IR WD ORI RALEK )75
[S1, 2Rt FE o 2 R 540 (72%), LSk IR 5061 (66.7%), H¥T40%] (53.3%), %
FEAHIE 5T R (KPS HING ACRFE 55 5 SERE R 52 83 Ll s %

TFE 48 H ORI P T RATR YT AR RO v 1 P PRE RS, AR WE 7 S A BT 9 H VPR
SMPEPERZ RN 3 (P<<0.05), fHEAHE T A EUBHERTTT, 995 D3 o A W #f id 5t PSH
B VPR T AL, PR TE IR 2 5 RS R 2R AT AN, TR S S
TR VEANL S T R R .

ARG TR, B4, ABFFONREBIER T, Tk HBOIR YT 1 5 N
Bl WL BRER AR, S W AW S8 HBOX PSHIMIAR YT R . Hk, fE
N A SR 5T, TCVEREAT B VIR PR SR 08 ZRAHEWT, S5 AN R 2 HBOK T 72 5 B 5
PP IRZG I IR DR s 35 = NSO 7T, B TUAE SR S O TR ROk i
— AT ROHEYE 2 O RREARIT TS, 5 alAT LI A AL e HBOX 5 B . 2 E LR

R NETSSE[F2MT,  DUUHBOK T A2 5 SURH PU P25 AR S XA 22 S 4 5 ve 20 n i IE =
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