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Predictive value of inflammatory markers for paroxysmal sympathetic hyperactivity after traumatic brain
injury: a single-center retrospective case-control study

SHI Hantong, CHEN Wen, GUO Yangu, SANG Xianzheng, ZHANG Danfeng, HOU Lijun’
Department of Neurosurgery, The Second Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200003, China

[ Abstract ] Objective To explore the value of inflammatory markers in predicting paroxysmal sympathetic
hyperactivity (PSH) after traumatic brain injury (TBI). Methods A total of 84 TBI patients who were admitted to The Second
Affiliated Hospital of Naval Medical University (Second Military Medical University) from Dec. 2016 to Nov. 2020 were
retrospectively analyzed. They were classified into PSH group (#=41) and non-PSH group (n=43) according to whether
PSH occurred during hospitalization. The baseline data and laboratory results of the 2 groups were collected and compared.
Kendall correlation analysis was used to analyze the correlation between inflammatory markers and the occurrence of PSH
after TBI, and receiver operating characteristic (ROC) curve was used to analyze the predictive value of inflammatory markers
to PSH. Results There were no significant differences in baseline data, including age, gender, or Glasgow coma scale
score, between the 2 groups (all P>0.05). Compared with patients in the non-PSH group, the neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio (PLR), systemic immune-inflammation index (SII), neutrophils and leukocytes in the PSH
group were significantly increased (all P<<0.05). NLR, SII and neutrophil were positively correlated with PSH (r=0.360,
0.308, 0.289; all P<<0.01), with the corresponding ROC area under curve values being 0.752, 0.716 and 0.702, respectively.
Conclusion NLR, SII and neutrophils have a value in predicting the occurrence of PSH after TBI.
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AR $5145 ( traumatic brain injury, TBI)
SERR R AN RS AEE T30, S BUR 4 2145
) A2 A5 11T 5 A P B BT 1k A A G ) g B 1 9
i FERRIAE R, BREBUE. Bk T
JEpE 2z B i E g TBI B E SR iR R
BERZ, {45 TBIMC A EZ M AT
I TBI KRG i e 20 & Fhf ™
Horh RE 5 FE & % 58 %R 28 T #F ( paroxysmal
sympathetic hyperactivity, PSH ) & TBI J5 Y &
B, 5 TBLINTUSARSE S o S0 R B
TBI g Bt B A FE B 22—, Xl ZH 2 0 7
HARRE L™ . T PSH BA6EB G &M &
B VR 2 P S S 2 A AR, B RO Bl
E L PR R RIR TR T 2 AILA
AR TR et | A B L0 YL B s A
PSH (1 % A5 5 it £ ™ 8 7 BE 52 AR AR O, 0t
FERE B, PSH AR A Al getE# &, £ & PSHAY
TBLBRE W HBUG AR, [HERIES PSH 2 [H]
SR AETEAAEAN A i — D05 . A PR i
HAWE ST 0T il 2 55 A% DX o P R 248 i B &1 15 4
% ( neutrophil extracellular trap, NET ) I il nl
AEZ 5 1 TBIJA PSH (%4, #2718 TBILJm A AX #
22 R GE A 2 S E AL AR 15 5 PSH I & 4B
WM L IR LI RIS B, R
PSH W) & tEFERTA] BAFAE S, TRdER Edf 7
ARl BIAARETE L st P S e
IR XN ANE SR T fE S PSH KB A 5, H
BARHUHM T S — PR . BT LA BN, B3
M TBI J5 PSH 19 & £ 5 20 RO AH G, AhJH i
RIEFREY) KX T TBI 5 PSH B9 & A= vl GE B A
TIANE . B, ARG T RIEFePs 5 TBLG
PSH & A W AH & P B LT AN (8, JF4R % T PSH
XF TBI SB35 B s [] B2 S 30 79 1R S )

1 BRFTTE

1.1 AR % [EEHT 2016 47 12 H & 2020 4F
11 HB 27 R (55 B R ) 5 s

B2 AMRHIIR AY 84 51 TBI & HR FI 7 RE, AR

PR Ll EZEE R (R EERY) W
J& BEBEAE BRZE 51 23 A%

PAFRME: (1) Ak E; (2) &CT

o MRI G252 TBI, H AR RSB B 8F Bk i3

( Glasgow coma scale, GCS) P44 ki 45t 45 ™ E

FEREVEAC GCS P43 13~ 15 73 AR BE i3, 9~ 12 43

R, 3~8 AN E I ) 5 (3) £F
A PSHIZWibRE (WL 12797 ) o HEBRFRME: (1) #
12 e SOW P R R HE R (2) T
EIIRe SR A, (3) RERE S &, (4)
REA s it B A R TIReR R s (5) Kt

3B B AW PO BB £ 5
MR S5 5 EE
1.2 PSH# # Wi ix -k BHAATET 5 8 FsE iR
AL 4 FRRDATI2WE PSH: - (1) Doahid i
(2) mimE; (3) FEafe; (4) EPUKFRE
fis; (5) MASRE; (6) m#M; (7) k1T
(8) MESLY 7K. DA SR AR A A g o ™ B
SRR T S A B DR AR
1.3 Aok WERBH I — GRS .
P RS . ABE GCS 1. ABERER (1
SRR PURBchE . BN ) . B (R
A PUBCEAT . ST ) L i (R
BAVE . e ) . ABESIING CT R A g R (kb vedin
B, skiEVERI ) R IET U TAR (AR
X)) BEHETTEVIIAR, KL ICU 53 K-
WO BB B AR 3 d N Y S B AM A DK A 45 2R,
CE0JE 11N 4 N1 NS 110 e GG A 5 v )
T, WRELAR TR, /MRS, CRP 4. 115
A RIS E ML RAESE bR PRI / M A L
i (neutrophil to lymphocyte ratio, NLR ) . Ifil./]Miz /
RELAA HE(E ( platelet to lymphocyte ratio, PLR) |
4 B A P8 R AE 48 5L ( systemic immune-inflammation
index, SII) o SCHRHRE G H I 008 / 96k L 40 A LE
{8 ( glucose to lymphocyte ratio, GLR ) A IfL#¥ / [fi 4
FU{H( glucose to potassium ratio, GPR ) i & Ff5 14

(6) Shili . Mk



° 332 -

WFELER AR 20254E3 H L5 46 %

PRI ER RAEFEIRID, AR GLR. GPR WA S
T,

1.4 %its432 W SPSS 26.0 A4l A 3
I R FEREA T AT 220 HT o S IE A B ok}
Phx £ FORIER ST AEA ¢ 5 50 0E 740 1] LR,
B 2540 A R RORE LA A B0 (T DU 7 8
i ) R Ik Mann-Whitney U K 56 i7F
R Ee s, B R AR i A B R, R
¢ st rdim s, K Ik ik (o) 4 0.05,
K FH Kendall A8 ¢ 43 #7125 43 B 48 iE 46 45 5 PSH &
A R A DG M B 5 AR 48 A 2 1) AE DG v, SR
ROC {70 #r RAEFE b xF TBI i PSH % A= (1 Ft i
NI

2.1 A& FH s LG A 84 il TBLEE, 4P
R 14~81 %, B 73 6], 2 11 6], MR B E B
191 1R) = A5 A2 3 PSH 434 PSH 40 M2 AE PSH 4H,
HPSH 41 41 19 . E PSH 4H 43 151], PIZH R F AR
PERI. ABE GCS 143, s s . ARtk (15
SRRt DU . BN ) | ARG (i
R . PUBCE AT S ) . B (R
BAYE . ZEM ) . ABEMNG CT K2 (Rkb kit
i, xRS ) . REHATIRFAR LR, &
I TEVIFFARRNICU 15288 K2 R TGt
B (¥P>005) ., WHEI.,

#® 1 PSHZAES5HE PSH A TBI BEELRRILE
Tab1 Comparison of baseline data of TBI patients between PSH and non-PSH groups

Characteristic PSH group N=41 Non-PSH group N=43 Statistic P value

Agelyear, x -5 50.37+1591 52.49+15.05 t=—0.628 0.531
Gender, 1 (%) 7 =2.350 0.125

Male 38 (92.68) 35 (81.40)

Female 3(7.32) 8 (18.60)
GCS score at admission, M (Q,, O,) 6.0 (4.0,9.5) 6.0 (5.0, 10.0) Z=—0.370 0.711
Hypertension, 7 (%) 9(21.95) 7 (16.28) 2 =0.202 0.653
Symptom at admission, 7z (%)

Vomiting 26 (63.42) 27 (62.79) 2 =0.004 0.953

Spasm 20 (48.78) 24 (55.81) 2 =0.416 0.519

Consciousness dysfunction 37 (90.24) 40 (93.02) 7=0212 0.645
Combined injury, 7 (%)

Thoracic injury 12 (29.27) 12 (27.91) 2=0.019 0.890

Limb fracture 5(12.20) 5(11.63) 2 =0.006 0.936

Neck injury 2 (4.88) 2 (4.65) 2 =0.002 0.961
Damage mode, n (%)

Falling accident 12 (29.27) 11 (25.58) 7=0.143 0.705

Traffic accident 27 (65.85) 30 (69.77) 7=0.147 0.701
Result of CT examination, n (%)

Focal injury 15 (36.59) 19 (44.19) 2 =0.503 0.478

Diffuse injury 26 (63.42) 23 (53.49) £ =0.851 0.356
ICU stay/d, x*s 25.00+18.53 24.40+14.82 t=0.166 0.869
Craniocerebral operation, 7 (%) 24 (58.54) 21 (48.84) 7=0.794 0.373

Removal of intracerebral hematoma 10 (24.39) 8 (18.60) 7=0.417 0.518

Removal of subdural hematoma 5(12.20) 6 (13.95) 7 =0.057 0.811

Removal of epidural hematoma 0 2 (4.65)

Ventricle puncture drainage 11 (26.83) 7 (16.28) 7 =1.388 0.239
Tracheotomy, 7 (%) 21 (51.22) 20 (46.51) £ =0.186 0.666

In the PSH group, 2 patients underwent intracerebral hematoma removal+subdural hematoma removal (these 2 cases were

included in the analysis of intracerebral hemorrhage) and 2 patients underwent intracerebral hematoma removal-+ventricle puncture

drainage (due to the prognostic significance of hematoma in ventricle, it was analyzed separately). In the non-PSH group, 1 patient

underwent intracerebral hematoma removal+epidural hematoma removal, and 1 patient underwent subdural hematoma removal+

epidural hematoma removal. Due to the small number of patients who underwent the 2 combined operations, no separate comparison

was made between the 2 groups. In addition, there were no cases of epidural hematoma removal in the PSH group, so statistical

analysis of epidural hematoma removal was not conducted. PSH: Paroxysmal sympathetic hyperactivity; TBI: Traumatic brain injury;

GCS: Glasgow coma scale; CT: Computed tomography; ICU: Intensive care unit; M (Q,, Op): Median (lower quartile, upper quartile).
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Tab 2 Comparison of laboratory indicators of TBI patients between PSH and non-PSH groups

Indicator PSH group n=41 Non-PSH group n=43 Statistic P value
CRP/(mg-L™ ", M (Q,, Oy) 25.68 (22.13, 59.43) 35.73 (14.4, 55.13) Z=—0.139 0.890
Leukocyte/(L™", X 10%), M (O, Ov) 13.10 (10.85, 16.90) 10.80 (7.20, 13.60) Z=-—3.003 0.003
Erythrocyte/(L ™", X 10%), M (Q,, Q) 3.40 (3.01, 3.98) 3.25(2.92, 3.86) Z=-—00913 0.361
Platelet/(L ', X 10°%), M (Q,, Q) 204.0 (139.5, 255.0) 177.0 (118.0, 245.0) Z=—00913 0.364
Neutrophil (L', X 10%), x+s 12.25+3.97 9.12+£3.96 t=3.615 0.001
Lymphocyte/(L ™', X 10%), M (Q,, Oy) 0.77 (0.61, 1.02) 0.95(0.72, 1.17) Z=-—0.908 0.050
Glucose/(mmol=L™"), M (Q,, O,) 6.7 (5.4,8.9) 6.6 (5.4, 8.0) Z=—0.470 0.638
Sodium/(mmol*L" "), M (Q,, Q) 140 (135, 144) 140 (137, 143) Z=—0.045 0.964
Potassium/(mmol=L "), M (Q,, Q) 3.98 (3.66, 4.42) 4.00 (3.62, 4.45) Z=-—0.076 0.939
Lactic acid/(mmol-L™"), M (Q,, Q) 31.00 (28.15, 38.55) 29.80 (25.80, 34.70) Z=—1.428 0.153
NLR, M (Q,, Q) 12.76 (10.93, 21.54) 9.28 (6.47, 12.76) Z=-—3.983 <0.001
PLR, M (Q,, Oy) 222.08 (166.33, 372.50) 166.67 (103.61, 285.00) Z=—2.121 0.034
SI/(L™', X10%), M (Q;, Ov) 2996.67 (1 906.75,4 116.45) 1657.45(928.62,2996.67) Z=-—3.401 0.001
GPR, M (O, Op) 1.68 (1.32,2.33) 1.56 (1.33, 2.10) Z=-—0.398 0.690
GLR, M (O, Q) 8.53(6.02, 13.58) 6.97 (5.21, 10.00) Z=—1.718 0.086
INR, x*s 1.19+0.15 1.17+0.13 t=0.437 0.664
Total bilirubin/(umol*L "), X+ 25.21£10.33 21.23+9.79 t=1.813 0.073
Total protein/(g*L "), ¥+ 59.011£9.44 56.50+10.24 t=1.168 0.246
Albumin/(g*L "), x£s 32.63+6.91 30.72£7.68 t=1.198 0.234
Albumin to globulin ratio, M (Q,, Q) 1.19 (1.00, 1.41) 1.15(0.97, 1.38) Z=—0.868 0.385
Serum urea/(mmol-L "), M (Q,, Op) 5.30 (4.30, 6.45) 5.20 (3.60, 6.20) Z=—1.034 0.301
Serum creatinine/(nmol*L™"), M (Q,, O,) 58.00 (49.50, 71.50) 56.00 (45.00, 71.00) Z=—0.627 0.531

PSH: Paroxysmal sympathetic hyperactivity; TBI: Traumatic brain injury; CRP: C reactive protein; NLR: Neutrophil to
lymphocyte ratio; PLR: Platelet to lymphocyte ratio; SII: Systemic immune-inflammation index; GPR: Glucose to potassium ratio;

GLR: Glucose to lymphocyte ratio; INR: International normalized ratio; M (Q,, Q,): Median (lower quartile, upper quartile).

2.3 KEFSAFS TBLJS PSH X A #9484 Kendall
FHEATMT 45 5 B, NLR. SIL. ks 40 f -4
P20 A5 PLR 45 PSH 2 IFAH( 7=0.360 . 0.308 .
0.289. 0273, 0.192, P<<0.01 B P<<0.05) . TEIXib

R 3 RIEIEHRS TBI G PSH X £ 2 8 K REFIRZ BB Kendall 5% 4547

Tab 3 Kendall correlation analyses between inflammatory markers and PSH after TBI and between

5 PSH AHXGIRAEFEFR, NLR 5 SIL, A4 iy
THEC A% PLR 212 1EAH K 7=0.482.,0.448 |
0394, 0278, ¥JP<<0.01) , PLR ‘5 SII fINLR £ 1F
X (r.=0.699, 0278, ¥1P<<001) . W3 3.

inflammatory markers

Item NLR SIT Neutrophil Leukocyte PLR
PSH 0.360" 0.308" 0.289" 0.273" 0.192"
NLR 1.000
SII 0.482" 1.000
Neutrophil 0.448" 0.380" 1.000
Leukocyte 0.394” 0.362" 0.937" 1.000
PLR 0.278" 0.699" 0.079 0.063 1.000

'P<C0.05, "P<C0.01. TBI: Traumatic brain injury; PSH: Paroxysmal sympathetic hyperactivity; NLR: Neutrophil to lymphocyte

ratio; SII: Systemic immune-inflammation index; PLR: Platelet to lymphocyte ratio.
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Fig1 Predictive value of inflammatory markers for
PSH after TBI
TBI: Traumatic brain injury; PSH: Paroxysmal sympathetic
hyperactivity; NLR: Neutrophil to lymphocyte ratio; SII:
Systemic immune-inflammation index; PLR: Platelet to

lymphocyte ratio.
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