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20 mmHg (1) 82 {51 T 764 ft i 3 10 KB I PR AR B A J5 %.‘M@m@mm BIT AL, 3 AT LS AR
AT XTI AL 1CP i I3 20 772 7K k0 3 b 5 40 1% o0 5 22 S5 s ), >R AR 30 B U5 9F- 43
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Effects of intravascular hypothermia on intracranial pressure and cerebral
hemodynamics in patients with severe traumatic brain injury after standard
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[ Abstract | Objective To investigate the effects of intravascular hypothermia on intracranial pressure
(ICP) and cerebral hemodynamics in patients with severe traumatic brain injury ( sTBI) after standard
decompression craniectomy. Methods A retrospective cohort study was carried out on 82 sTBI patients
admitted to Chongging Emergency Medical Center from January 2019 to March 2021. All patients received
standard decompressive craniectomy ( ICP > 20 mmHg). Among them, 38 patients were treated with
intravascular hypothermia as the experimental group, and 44 patients were not as the control group. The
effects of intravascular hypothermia on ICP, cerebral hemodynamics, and brain injury markers were analyzed,
and the results were compared between the 2 groups. Glasgow coma scale was used to evaluate the prognosis.
Results ICP in the experimental group began to decrease after hypothermia treatment, and decreased to less
than 20 mmHg in 12 h later. In the control group, ICP fluctuated greatly, and decreased to below 20 mmHg

in 18 h later. At 22 and 24 h after operation, ICP was more significantly decreased in the experimental group
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than the control group (P<0.05). At 1 week after operation, the peak systolic blood flow velocity and average

blood flow velocity of middle cerebral artery were increased, the pulsatile index was decreased, the serum

contents of glial fibrillary acidic protein, S-100B and neuron-specific enolase were decreased in the 2 groups.

And above changes were more obviously in the experimental group than the control group (all P<0.05). In 6

months after operation, 22 cases (57.90% ) in the experimental group and 15 cases (34.09% ) in the control

group achieved a good prognosis, with significant difference between them (P =0.042). Conclusion

Intravascular hypothermia can reduce ICP and improve cerebral hemodynamics in sTBI patients after standard

decompression craniectomy.
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Sk B A5 55 @ TR % BT B P G A 555 B ICP >
20 mmHg ;@ A B A% 131 7 52 i 32 ( Glasgow Coma
Scale,GCS)3~8 433 Dif5 Bk>6 h B fjiJ5 24 h NEEIN
DAL PR Bk 6 h DL @ TCRBET AT

HER AR - O™ T A A0 R (IO FE < 90 mmHg) ;
Qi <35 °C ;@A H U5 A ; @™ T 0 1 5 ) B
15 O S RE A 42 @1 & H A JUE #3450 00 3 2 i
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FEE N AFIHERS PR v SE 82 {91, AR5 S0 1L 55 A
IR 38 HI1E RS2 I 20 , ARG # MUK IR 21 44 4]
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1.1

®1 ANRHAABEERER

wm n PE o ZAIEE (n) B2 (n)
(B4 ,n) SCGEFH RALOAE BZEE BB BB mM WS SNSRI R

XHRE 44 33/11 52.01+4. 63 17 13 9 5 16 13 10 5
SCER 38 27/11 48.36+7.25 14 13 8 3 19 10 6 3
X2/t 14 6.232 -3.652 —-6.232 13. 687

P{H 1.135 0.936 2.348 3.053

43 GCSiFsr/4y Ml ABeifil/h ISSiFsy  ZRMi(n)  TREE/A RRARIFRENTE/ L S ARETAYT S SR /b
X HEZH 6.83+0. 31 4.98+1.09 17.36+2. 17 9 2.20+0.91 46.25+5.27 21.36+4.32
SR 6.33+0. 69 5.12+0.37 17.81+1.99 7 2.38+0.62 80.13+2.39 16.21+3. 19
X2/t 5.526 6.635 3.521 2.715 3.509 11.361 5.032

P{H 0.972 2.042 0. 682 0.331 1.375 8. 069 3.226
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82 f5i] STBI it 2 Y445 32 b v R U A, W2
ARG R ] Codman fiit Ay Hs 50 28 4 (36 [ 9 2
AT FREEICP Wil , /i ie 5% 1CP {8, AR 4f 58 [
TR PR BRI TR (2017) ™ AR BEA IS AT 8 1

SLEG2H 30 min N ICP #:42>20 mmHg, 3 3 14
ARG YT, A PRI IR YT e 4% 8. 5 F e i 4%
(SE[E ALSIUS 25w)) , & 47 bk, & T T E# bk, 5
CoolLine ¥4 &E 345 1% 32 ; W IR DR A8 403k 55 1 B A5 Ik
4% ;5 811 CoolGard 3000 it 45 P i HE 4 i 2 4 ( 5%
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K IR R 2 AR IR EE 722 72~ 120 h )5, B3 4 h
Hi1C,12~24 h PPRILERIKE % 36.0~37.0 C,
FERT, THRPAER 30 mg B4 TEA L 1S mg/8 h 4L ; i
BKIREIRERIE , B 50~75 mg,25~45 mg/h 4E5F, i)
BT G L 1R O i s )2 AR E ;@0
R @3k <60 mmHg ; @™ i,

X HEZH SR P R IR A8 3 0, (IR AR 3 A 1R R
BN (36~37 °C) . 1AiR<38.5 C, FLANS 4805
WY IR R =38, 5 °C, M EE IR T L2 IR IR i
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131 /s H I e 5%
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1.3.2 [Nl sy ik 48 m 238 a6 s
NIV ENERWEIITINRIPIE= 2 NI ) I &l
HH WA Il 37 33 & ( peak systolic velocity , PSV) 314 ffil
L B (mean flow velocity, Vi) F14# 30 58 41 ( pulsatile
index, PI) ,
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N A A% i IR GR)  ( b V IRRE B A W AT PR
A)) BEH AR o SR FH IR S 922 W B vk ( ELISA) 46U
SN LAY P A0 0 bn 35 & i A AT dERR MR
(glial fibrillary acidic protein, GFAP ) | S-1008 % H

ER/NBFE St ICP, Hegs

(S100 calcium-binding proteinf, S-1008 ) . # £ TG4 5+
R4 B2 AL B ( serum neuron-specific enolase, NSE)
1.3.4 fif5  ARJE 6 D RAKA A BUS P74
( Glasgow outcome scale, GOS) PEE £ & W5, GOS &
535 413,G0S=4 43 Ron il E REF, <4 3R HUE A
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1.4 it $ 54
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ARJG 1 JE, B4 PSV ., Vm 5 ARRT F T, 5256 4H
B HRZH BT (P<0.05) s AR5 1 J4, 2 PT 1y
AR HTRRAR , 24 0 R4 FAIG s B (2 (P <0. 05) ,
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AJG 1 JE, PiZl GFAP S-1008 \NSE & %5 R
HIREAR , H 25 4 BRI W e (P<0.05) , L3k 3,
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x2 WHBEMMEINNFSHKFLE (3xs)

PSV/cm - s~ Vm/em + 87! PI
151 n - - -
AHI NERYE i P AT Y NERY i p AT L ERY ¢ P
X} e 20 44 73.55+5.63 81.69+1.53 2.735 0.008 11.37+1.01 16.51+0.31 3.617 0.013 0.83+0.05 0.61+0.08 3.529 0.002
SeieH 38 73.35£6.31 93.32+2.39 3.631 0.001 11.23+0.39 22.37+3.27 2.397 0.000 0.86+0.03 0.31+0.03 5.217 0.000
¢ 0.138 3.156 0.327 3.072 1.362 1.287
P 0.251 0.029 0.137 0.031 0.366 0.043
PSV : X i o 2 bkob 45 S04 18 o i ik 5 Vi 39 s ik B PL A 2 35 K
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21 571 n
AHI NEREE! i P AHI ARJE 1)H i P AH AJa 1JH t P
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' 0. 837 1.325 3.614 5.113 4.362 6.107
P 0.621 0.042 0. 687 0.031 0.622 0.017
GFAP . 7 it 4F % BR M B & s NSE . 4 22 7055 7 M 1 B AL B
2.4 s SEREUR ST REIEAME . 4R IE R ICP Ml

RIETTZHT 6 A1, L5l 5 B 4F (GOS P
Gr=4 53) 22 1 (57. 90%) , % B2 T f5 B 4F 15 14
(34.09%) , 2 b A 22 A St 27 L (P<0.05) , 58
IRLAFET-H N 13, 16% , %F R4 K 18. 18% , 2= 5% o4t
THEE S, LA 2,

N14F W24y W34 W44y W54
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TBI 2055 % FE T IR e 1 - 22 A, 13 )5 1CP
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FEARE HRT# G ICP FhE iy EE AR > — @ U4
ERAMTURE T RITN A ], 3 ) ICP T b A A B
B o AR HRE AR FHS 14 24 h Py ICP %

FEVE IR, UG 4k & PER B 5 2 sTBI J 3 RJF iR Y
o FRUE R IR A 5 L G 20k e A G K
IR LA 0 5 25 T (o 17 Ak, 2 2 ol 6 38
A

TEM 2 TAE AR IRVA YT 8 T Ak Bl 26
o G 2 R T S B A2 Ty A O TR TR R
R HARREE M R A T A A ZEEK
-, WA AL G 5 At 497, 9 1k ICP 341" . ANDREWS
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20 mmHg [ 8 & i 36 97 PR AR B 2 B AR ICP, L
ICP 54 FAL S5 45 T 1 ok BE 4H B 41K, ICP >25 mmHg 5
SRV B, R kR PR A 0 . ARG R S 2
— B, LA LA IR IT G ICP AR TR, T 12 h
JEkEZ 20 mmHg DLR ¥ THUE XTI f5 ICP i3
TREXR, T 18 h J5[%E 20 mmHg DA T, ARJ522.24 h,
SEHGZ ICP B0 FAT RN B S o 38 A AT it BH i
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IR AT B8 M6 i Jm 8 — 44 0 S, i 1 A
K S g et PR R L R /L T Bk 22
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MLATRE R S i AFEAE 5 P S R 104 BEL T, P OK AP
B L B L3 R AR S R, AR
Ja 1S, P PSV. Vi BIBORHT LT, P EOR AT
G 2t — 2 SR A HU R, 5B 4l PSSV, Vm BT
2 (P<0.05) , PTFEAR B i (P<0. 05) , S AR ER
RIS A IR 5 1005 9 AR IR 7 T ik — 2P GG sTBI
SR L2l 72 , D8 i I BHL AT, 23 sTBI SR
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TR AR 5 R TCP SR i ML 30 12

Sk

[1] KHELLAF A, KHAN D Z, HELMY A. Recent advances in
traumatic brain injury[ J]. J Neurol, 2019, 266(11) ; 2878
2889. DOI.10. 1007/500415-019-09541-4.

[2] DEWAN M C, RATTANI A, GUPTA S, et al. Estimating
the global incidence of traumatic brain injury [ J]. J
Neurosurg, 2018 1-18. DOI.10.3171/2017. 10. JNS17352.

[3] ESCAMILLA-OCANAS C, ALBORES-IBARRA N. Current
status and outlook for the management of intracranial
hypertension after traumatic brain injury: decompressive
craniectomy , therapeutic hypothermia, and barbiturates[ J].
Neurologia ( Engl Ed), 2020. DOI. 10. 1016/j. nrl. 2020.
08. 007.

[4] ALLEN C J, BALDOR D J, HANNA M M, et al. Early
craniectomy improves intracranial and cerebral perfusion
pressure after severe traumatic brain injury[J]. Am Surg,
2018, 84(3) . 443-450.

[5] IACCARINO C, LIPPA L, MUNARI M, et al. Management
of intracranial hypertension following traumatic brain injury: a
best clinical practice adoption proposal for intracranial
pressure monitoring and decompressive craniectomy [ J ]. J
Neurosurg Sci, 2021, 65 (3) : 219 -238. DOI. 10. 23736/
S0390-5616. 21. 05383-2.

[6] HUANG H P, ZHAO W J, PU J. Effect of mild hypothermia
on prognosis of patients with severe traumatic brain injury: a
meta-analysis with trial sequential analysis [ J ]. Aust Crit
Care, 2020, 33(4) : 375-381. DOI.10. 1016/]. aucc. 2019.
08. 005.

[7] HAKIM S M, AMMAR M A, REYAD M S. Effect of
therapeutic hypothermia on survival and neurological outcome
in adults suffering cardiac arrest; a systematic review and
meta-analysis[ J]. Minerva Anestesiol, 2018, 84(6) . 720-
730. DOI:10. 23736/50375-9393. 18. 12164-X.

[8] CARNEY N, TOTTEN A M, O’ REILLY C, et al.
Guidelines for the management of severe traumatic brain
injury, fourth edition[ J]. Neurosurgery, 2017, 80(1): 6—
15. DOI:10. 1227/NEU. 0000000000001432.

[9] STENBERG M, KOSKINEN L O D, JONASSON P, et al.
Computed tomography and clinical outcome in patients with

severe traumatic brain injury[ J]. Brain Inj, 2017, 31(3):



1312

Rl 4222 K24, 2022,44(13)

http : //aammt. tmmu. edu. cn

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

351-358. DOI:10. 1080/02699052. 2016. 1261303.
YAMAL J M, HANNAY H J, GOPINATH S, et al.
Glasgow outcome scale measures and impact on analysis and
results of a randomized clinical trial of severe traumatic brain
injury[ J]. J Neurotrauma, 2019, 36 (17): 2484 -2492.
DOI:10. 1089/ neu. 2018. 5939.
JASIELSKI P, CZERNICKI Z, DABROWSKI P, et al. How
does influence the

early decompressive craniectomy

intracranial volume relationship in traumatic brain injury
(TBI) patients? [ J]. Neurol Neurochir Pol, 2019, 53(1) ;
47-54. DOI.10. 5603/PJNNS. a2018. 0002.
SAUVIGNY T, GOTTSCHE J, CZORLICH P, et al.
Intracranial pressure in patients undergoing decompressive
craniectomy ; thresholds [ J]. J
Neurosurg, 2018, 128 (3): 819 - 827. DOI: 10. 3171/
2016. 11. JNS162263.

EUN J, HUH J, YANG S Y, et al. Determining the lower

new perspective on

limit of cerebral perfusion pressure in patients undergoing
decompressive craniectomy following traumatic brain injury
[J]. World Neurosurg, 2018, 111: e32-e39. DOI: 10.
1016/j. wneu. 2017. 11. 146.

CAPIZZI A, WOO J, VERDUZCO-GUTIERREZ M.
Traumatic brain injury: an overview of epidemiology,
pathophysiology, and medical management[J]. Med Clin
North Am, 2020, 104 (2). 213-238. DOI. 10. 1016/].
mena. 2019. 11. 001.

BOHL M A, MARTIROSYAN N L, KILLEEN Z W, et al.
The history of therapeutic hypothermia and its use in
neurosurgery [ J ]. J Neurosurg, 2018; 1-15. DOI: 10.
3171/2017. 10. JNS171282.

ANDREWS P J, SINCLAIR H L, RODRIGUEZ A, et al.
Therapeutic hypothermia to reduce intracranial pressure after
traumatic brain injury; the Eurotherm3235 RCT[J]. Health
Technol Assess, 2018, 22(45) . 1-134. DOI:; 10. 3310/
hta22450.

SHAHID A H, MOHANTY M, SINGLA N, et al. The effect
of cranioplasty following decompressive craniectomy on
cerebral neurological, and
outcome[ J]. J Neurosurg, 2018, 128(1) ; 229-235. DOI;
10.3171/2016. 10. JNS16678.

RN, BEE, B2, AF WARIELIA T 6k S i st i
R BN A A AU B0 2 ) e e R AP AR RS [0 ] o
te s e ke 2018, 27(11) . 1248-1250. DOI. 10.
3760/ cma. j. issn. 1671-0282. 2018. 11. 013.

blood perfusion, cognitive

[19]

[21]

[22]

[24]

LI J H, LU J, TANG Y S, et al. Effects of mild
hypothermia treatment on cerebral glucose metabolism and
neuroprotective effects in rats with acute cerebral ischemia
[J]. Chin J Emerg Med, 2018, 27 (11): 1248 - 1250.
DOI:10. 3760/ cma. j. issn. 1671-0282. 2018. 11. 013.
SREERR, HRAh AN, DU, G5 RN b gl bk v A 2E AR
AWML B J1 2 2805 IR SE AR BB A PRI T [T,
HAR BRAEE A 2R (TR, 2019, 16(8) @ 602-608.
DOI:10. 3877/ cma. j. issn. 1672-6448. 2019. 08. 010.

HAN J L, HUIP J, YAN Y H, et al. Correlation between
cerebral hemodynamic parameters and cerebral infarction
volume in patients with chronic middle cerebral artery
occlusion[ J]. Chin J Med Ultrasound Electron Ed, 2019,
16(8): 602-608. DOI: 10. 3877/cma. j. issn. 1672-6448.
2019. 08. 010.

X ). SN Ik i A P b Sk B CTA LR KA SE I 351 3l ik
Bz 0 MR 8 )~ R ZSPRAS o O TR [T ). w1
CT #l MRI 227, 2021, 19(5) ; 124-127. DOI.10. 3969/
j. issn. 1672-5131. 2021. 05. 040.

LIU X H. Application of carotid artery ultrasound and head-
neck CTA in the evaluation of hemodynamic status of
patients with cerebral infarction and carotid artery Stenosis
[J]. Chin J CT MRI, 2021, 19(5): 124-127. DOI. 10.
3969/j. issn. 1672-5131. 2021. 05. 040.

BALLESTEROS M A, RUBIO-LOPEZ M I, SAN MARTIN M,
et al. Serum levels of SI00B from jugular bulb as a
biomarker of poor prognosis in patients with severe acute
brain injury[J]. J Neurol Sci, 2018, 385: 109-114. DOI.
10. 1016/j. jns. 2017. 12. 017.

CLIFFORD-MOBLEY O, PALMER F, ROONEY K, et al.
Serum neuron-specific enolase measurement for neuro-
prognostication  post  out-of-hospital ~ cardiac  arrest;
determination of the optimum testing strategy in routine
clinical use[ J]. Ann Clin Biochem, 2020, 57(1) . 69-76.
DOI:10. 1177/0004563219886326.

SCHINDLER C R, LUSTENBERGER T, WOSCHEK M,
et al. Severe traumatic brain injury ( TBI) modulates the
kinetic profile of the inflammatory response of markers for
neuronal damage[J]. J Clin Med, 2020, 9(6): 1667.
DOI:10. 3390/jecm9061667.

WANG C F, ZHAO C C, HE Y, et al. Mild hypothermia
reduces endoplasmic reticulum stress-induced apoptosis and
improves neuronal functions after severe traumatic brain

injury[ J]. Brain Behav, 2019, 9(4): e01248. DOI. 10.



http ://aammt. tmmu. edu. cn

il 45 %2 B R, 2022,44(13)

1313

[25]

[26]

[27]

1002/brb3. 1248.

FEEA, FEv, PRpL, . WARIRIAST XU ARG
AT A RN AE AL A 22 D BE S L35 NSE S100-
BEFACFRIF M [T ] oy BEAS & 0 I M4 o A% 3
2021, 19(22): 3972-3975. DOI;10. 12102/j. issn. 1672-
1349.2021. 22. 031.

XUE M, CHENG T, CHEN L W, et al. Effects of mild
hypothermia therapy on neurological function and serum NSE
and S100-B protein levels in patients with acute large
cerebral  infarction  after  mechanical
thrombectomy [ J]. Chin J Integr Med Cardio Cerebrovasc
Dis, 2021, 19(22) . 3972-3975. DOI. 10. 12102/j. issn.
1672-1349.2021. 22. 031.

BAO L, CHEN D, DING L,

hemispheric

et al. Fever burden is an
independent predictor for prognosis of traumatic brain injury
[J]. PLoS One, 2014, 9(3): €90956. DOI; 10. 1371/
journal. pone. 0090956.

BIRG T, ORTOLANO F, WIEGERS E J A, et al. Brain
temperature influences intracranial pressure and cerebral
perfusion pressure after traumatic brain injury: a CENTER-
TBI study[ J]. 2021, 35(3): 651-661.

DOI;10. 1007/512028-021-01294-1.

Neurocrit Care,

(28]

[29]

P E BT LS B o e 2 AR ’ﬁﬂ“i?ik%xx@ﬂ&ﬁ
REMGPRAP A2, T E AT SR B B 2 s M 2 PR 5B %

2 R 2 AT 4 P R A Qﬂ AR Al £ 7 v
LR IGRLT]. h e R 2R B 5, 2020,32(4) 385
391. DOI: 10. 3760/ cma. j. ¢n121430-20200117-00137.

Cardiac  Intensive  Cerebral  Protection ~ Group  of
Neuroregeneration and Repair Professional Committee of
Chinese Research Hospital Association, Neurocritical Care
and Rehabilitation Group of Neurological Regeneration and
Repair Professional Committee of Chinese Research Hospital
Association. Chinese expert consensus on mild hypothermia

Chin Crit Care Med, 2020, 32(4):
cnl121430-20200117-

brain protection[ J].
385 - 391. DOI. 10. 3760/cma. j.
00137.

YOKOBORI S, GAJAVELLI S, MONDELLO S, et al.

Neuroprotective  effect of preoperatively induced mild

hypothermia ~ as  determined by  biomarkers  and
histopathological estimation in a rat subdural hematoma
decompression model [ J]. J Neurosurg, 2013, 118 (2):
370-380. DOI.10.3171/2012. 10. JNS12725.

(Y75 :2022-01-05 ; & [H] . 2022-03-05 )

(%4 3% )





