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Abstract

Objective: This study aimed to investigate the effects of early probiotic supplementation on intes-
tinal function recovery and to evaluate its subsequent impact on cognitive and behavioral out-
comes in patients with severe traumatic brain injury (TBI). Methods: Patients with severe TBI ad-
mitted to the ICU of Dongtai People’s Hospital in 2024 were enrolled and divided into two groups
based on their treatment regimen. The control group received standard management for TBI. The
study group received the standard treatment plus supplemental Bifidobacterium triple viable cap-
sules administered via a nasogastric tube within 24 hours of ICU admission. Parameters including
enteral nutrition tolerance, short-term intestinal function, nutritional metabolism, and neurolog-
ical prognosis were compared between the two groups. Cognitive and behavioral outcomes at a 6-
month follow-up served as the study endpoints. Results: Regarding intestinal function and nutri-
tional metabolism, the study group showed a significantly shorter time to first defecation (2.61 *
1.45 days vs. 3.36 * 1.48 days) and a shorter time to achieve stable enteral feeding (5.47 * 2.62
days vs. 7.24 * 2,93 days) compared to the control group (P < 0.05). The incidence of abdominal
distension was also significantly lower in the study group (30.00% vs. 55.88%, P < 0.05), and se-
rum albumin levels were higher (30.77 * 5.26 g/L vs. 27.31 + 4.22 g/L, P < 0.01). No statistically
significant differences were found in the incidence of diarrhea or constipation between the groups.
In terms of neurological prognosis, there were no significant differences in the Glasgow Outcome
Scale (GOS) scores at 3 and 6 months post-discharge, or in the 6-month mortality rate (6.67% vs.
14.70%, P > 0.05) between the two groups. Conclusion: Early probiotic intervention effectively
promotes the recovery of intestinal function and improves nutritional status in patients with se-
vere TBI. However, within the follow-up period of this study, no significant improvement in neu-
rological prognosis was observed.
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1. 5|8

A5 I 4514 (traumatic brain injury, TBI)2& K8 S /EH T3Sk s R RHi4n, B4 LA 5145
FOUE BT RO R VR 845 . TBL Joil 2 Sk B30 2 & 0 A A i i s, #2—Fhm
ET A B 2™ [ 1] B N LU 2 s, TBI B4R R AR %8 (55.4~64.0)/10 T3,
A2 T REAE 01 TBI H35(77.28~89.28) 11, AFEEAIE S T E R MH[2].
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AL WA b (I TR][4]-[6], {HARA WF 7B B0 TBI BARIAIAT Sy 45 A Tosm . Bk, AW e /iy
TP, S5 G ER VAL B TE AN 7S G A RN S5 Y TBI Wil T A8 LA AN 5 AT A5 RINIGIRTT 20 LU
HA TBI Mk RGBS % .

2. MRFFE
2.1. &R

2024 SEEHFE A & T N R EEB0A I E R TBI A7 Y ML E B AR 5 8 55 2 I A VPG . A
U FERTIASE A NTEAL 117 B, AEFEGNHARER I 47 N, 2B BENLECT L N FCH(35 N) 55X IR
(35 N)o BEUILTE 6 15, Mi7&Z 8.57%. FAWIFABO N). XIEHB4 N).

2.2. PHHRE

2.2.1. PNFRE
O FF&ERCGERSRAGS W 7R, #H TR Bk 53R (Glasgow coma scale, GCS)PF4r <9 47
@ AT I RE RN L HIERER G . ® KBWEEmERET.

2.2.2. HERRARE

O HHHAT=EIMG, MRz %A T, @ i1 AE4HGERBT. BE. SZmsF. ot
AR PUMEZY . XN, ALRRESE, © BA B mENE . RAEEE . 5SS e KRR A 1T
BIFARS; @ Aeid 2 mrheml, M2,
3. A&
3.1. ML

K NI AA AR JEAREAIETT T E[8]: O HHEMEUR: A E KR 0.5~4.0 mg/kg/h 4ERF . FERE 4
h R4 RASS VA W7 E, 4ERRIA AMERHRIE; BT DIRFREFre . @ migibair: [l
HKEE 20%H R HE(2.5~10.0 mL/kg), Wil i385 I 4557 B A E N (B ThREIEH . 300~320 mmol/L,
ZHENKERETH : 290~300 mmol/L) [9]. @ WARIRIGTT: O EERRE IEREHE(361C~37C). A
Ji 24 /NI NG BT N E IR, B 4 /N2 SR E IR i N B R 250 mL.
3.2. Wi

TEM SRR YT 7 R3EAE b, RIS T OB B = 10035 v I v e B[] 257 7 S19993065, #A% 210 mg/
P EAE, 2 KR, 2 IR, BEINESRTT 4 .
3.3. MEIEER

O —MIRRER: . . 8. RIS GCS iF/r. APACHEIL iF7r; @ JgEThee: idFE X
HEES 1], AT AR 30 0 A R R I MR, e B I R A REIEIK . IRYE . R & A2 %),
® MWEFRMSZME: ABHET 3 K& 4 /NEFIRIE R AL Goid S ds iR s I B AR, 12 /NN B Ak
SEY/NT 250 mL, [FEEIREE . BEAK . BRSO, IRARMEIEIRIUERE, idRERER . @ EIEARHE
Bl RJEH 1 d. T ARG AEA s FEIE. = SNEHEE. © MEIhaefie: #hiliar
WG (GOS) T Hi B 3 AN A R A IE 6 AN BT iR, geitHibe 6 B WRAEER.
4. G

KH SPSS 27.0 #HATHIR AL 581t 22007, FERk. MG AEA. EEUE. =Sk EEEF A
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EBSAARTHREERLL Y £5 £ox, BBA T ZEFME, (TMOLFEAR t 55, APACHEIL ¥4 ABth GCS ¥
I AN B LA E VORI BL M (Q25, Q75)F o, ITIESEAE . MRS 5kl LU (%) £, 4
] ELEAT 2 KB, LA P <0.05 FnZERAEA S5 X,
5. 458
5.1. EERZFIRIFTEE

WLLEMER . FERE. ARG GCS ¥F4r+ APACHEII ##4r. MEAEA . FEIE. =SRR8 R 3
RTERAGFEG IS ER . BARILE 1,

Table 1. Comparison of baseline characteristics between the two groups of patients

= 1. MEBREELTIHEER

B RS APACHE ILi#4}  ARJG GCS ¥4r

miEEEE |, = S
Bl Tts) U e LEUE

R I T (G7) @) s

M (Q25,Q75)] M (Q25, Q75)]
W4 30 20(66.67)  64.07 +8.93 16 (13, 17) 6(5,6) 3149+ 624 2277529 12.85+8.40
X a2 34 19(55.89)  61.65+12.64 14 (11, 17) 5(4,7) 32.32+7.08 24.78+£4.90 10.95+6.52
t {8 0.874 0.874 0.954 0.791 ~0.495 ~1.587 1.014
P Y 0.386 0.386 0.344 0.432 0.622 0.118 0314

5.2. PLEEHIRMIETIRE R EFFRIEL R

FEAT A Ja o CHEE T (] MRFRIRGURRE ITR] BIIE R RO R A% T 2 A&, Hh
THRHHER [A](2.61 £ 1.45 K vs. 3.36 £ 1.48 K). MEFRRBFLERT [A](5.47 £2.62 K vs. 7.24 £2.93 R)I L
EH T IRZH(P < 0.05), K R A IR L E AR 0 BR4H.(30.00% vs. 55.88%, P < 0.05), FHLIfE 14 1 /KF
BR1(30.77 £5.26 g/L vs. 27.31 £4.22 g/L, P < 0.01); PHZHIRIETE K A2 28 S AR R AR #e 22 m  gint 5 3o
HARNZ 2.

Table 2. Comparison of bowel function and nutritional metabolism between the two groups

2. MEBREMEREREFRILE

gy VB RCHHERII MR W SR A5 M EE
@ O% xEs) B TR gmeon, o) Bs@. %) R, % 0 @D
W 30 2.61+1.45 5.47+2.62 9 (30.00) 7 (20.00) 3 (10.00) 30.77 £5.26
R4l 34 3.36+1.48 7.24+2.93 19 (55.88) 2(5.88) 10 (29.41)  27.31+422
2E -2.050 -2.533 0.641 4.016 3.710 —2.869
pfE 0.045 0.014° 0.423 0.045" 0.054 0.006"

H: REP<0.05, HIEAAREEER.

5.3. MAMATIRETG

MG A, WABEREE 3 MAE 6 AR GOS vEartbie, PLRHBE 6 4N H W IR
Z(6.67% vs. 14.70%) 2 73R GA 128 (P > 0.05). BARNE 3,
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Table 3. Comparison of neurological outcomes between the two groups

3. FMEHAThRETE

e 1%k B 3 A5 GOS ¥4 HikE 6 A5 GOS W4y e 6 H WRAtH
() [4% M (Q25,Q75)] [4r, M (Q25,Q75)] l, %)
5T 40 30 4(3,4) 43,4) 2 (6.67)
o piizEeN 34 4(3,4) 4(3,4) 5(14.70)
ZHUME -0.355 -0.559 1.057
P{d 0.722 0.576 0.304
6. it

B ERB G X L B I TE LR N I AR SR B RS T E R [10], S AR AL T[] [12].
B G473 P G 4543 i 08 18 M T IR AR A A R TR LS S AN 5213 R B AR MELE PN A B I RO
b EFRFMAYBOS T BRE . 2 S0%MEE TBI HE LRI 2, SHREEGESE—E,
X5 EREAK[13]. M TBI IEE AR AFEE R = EH 5 10.5%~74% [13]-[15] 5FFR A 2
IEMG, MRIETTREAZ TBI MRS R, FOVEA R &M EER NN E R ER, Hib TBI
BT P G ARG S FaFE B R & T BRI 16], XK T &8WAINZ. Gl FIEM &
Bhlizsh, Rl EWAE s, AIERTED ANS FMBH4E Z4(ENS). XA RS HZ 23] TBI
RN, JF AT RE S ECR B MiE (R B TBI B iz )i . B6I55T B Ih A FR s 245 A /& TBI I
—ANFEER, FITRKMEEE. A8 E BN L EARE, dapnEEEagama
PR R, KGR, RS VR 9 A B B I [ 17] 0 R R A Y A4 T L R A e ) B 2% A
HAER, SuEdu, A o A A .

ST B 1 i 453497 %o 45 P Dy e s e P ELREAIT 95 B AT O A B, AR FR LR 1o AR 45 78 43 1 B
T HAEAFORTE RIS, RadiE ThRE 0 - AR (b 78 G495 1 i 153 49 A S P BT [ e i e F) e o T AR RO
HET T R0 2 A @045 )5 6 /NI, F 783 B A% P I 452 497 - oA 57 R 51 e 485 i 285 s o) S 95
PBCEE VG . ST, B AR, SIS S R B S 28 K, SHAH ST H L
MRS AR, X AR, 55 45 %o 9 R PR SOSIARFAE A — 8. 5t L, 7EAH RIS 18] A5, 45 Mg 1 40 i 5% J
BV EGR, /NI AR B IBINGR, X B — 5 E S T Rl x5 1 i 453473 1 s AN LA (]
MIREIR P, IEAFAE X I 57 M —— 45 I oL T 58 G 7EAS M 3 52 B s

XS P SO R A, RS i R R R SRR U AR . Q43 S5 4 0 P I e Re R i
AEWIEAR ST Gy A, HETT RS 4 B SO S A BERAS o IR SR A I ER 4 T ) 3 FF: i
— R T A R, DRI B ACRE BB T AR KRS 2 (e N 12 £, T RV A6 R G DS B T
114 PR .32 81 [ 07 AT 1Y) 2.5 3% o 3X — i 90 X2 7 i o fde R AE B0 4% P A5 47 K B 90 F5 w11 D b AT
gE BRI, R AR AT BELE G 1k M 45 11 K P B A B A v T OG0, MU RES S A K
PRSI AERE S0, 0T R BB R MR AR 0 A B R ORI . R RORE JRURG: B 2B v I

AHI 5T I I BE AL BRI R ST, FOIRN S f A R T B G A TBI B B Thae, RICNE X
HEET AR i B IR S M3 5 S8 TR IR AR AR T, X 5 B 5 18]I A4S R — 5, YRR
T I Jo 3 A 400 5 R R AL 8 B R T e R A e R T R AR S Uy S\ B sl 7 SR
5530 SRS ) S 06 18 7 P 2 A R e i i e A HE R 2 AR AR T LRI AN [8], AR 7 9 2H R 5 1 GOS V47
Jo6 NARERE T REZER, Xl RERHIE e 5 ARSI 2 AR SRR . 1R
W, T AR I BN, B T AR 1 5 B AR T AN A R BE s Ak, TR B 2
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LURENIZIEE R, (HAS L DAFF S 18 A 40 JOE A2 FEAE L AR, 10 Holcomb HBA[19]WF FE R W 2i E
RO P ZRAT NS SR O 50 R T 0 PR 2T AU 2 I A, ARRIIFE TR “XE
ZRIFIRIR” ek, @I AR R A BT S R M RO SETHRLRE, TR AR A 0 BRI D IR AE Y Y
ZYESE . REBUREE A RV IR R, RIS S5 5 S R S AL I3 2ORE P A A5 T B, DUBIAE I
PRIT BRI F AL _E SRR

B B
A RE R G NRERAC L B2l (e EHF5: AF-29-01.0-20240108), AT ¥677 MAG NI E
BEFBFAR.
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VL7525 027 e At W [5) B3R AT 75 350 H (20239509) -
SE3CH

[1] Vavilala, M.S., Muangman, S., Waitayawinyu, P., Roscigno, C., Jaffe, K., Mitchell, P., ef al. (2007) Impaired Cerebral
Autoregulation in Infants and Young Children Early after Inflicted Traumatic Brain Injury: A Preliminary Report. Jour-
nal of Neurotrauma, 24, 87-96. https://doi.org/10.1089/neu.2006.0058

[2] Jiang, J., Gao, G., Feng, J., Mao, Q., Chen, L., Yang, X., ef al. (2019) Traumatic Brain Injury in China. The Lancet
Neurology, 18, 286-295. https://doi.org/10.1016/s1474-4422(18)30469-1

[3] Mayer, E.A. and Tillisch, K. (2011) The Brain-Gut Axis in Abdominal Pain Syndromes. Annual Review of Medicine, 62,
381-396. https://doi.org/10.1146/annurev-med-012309-103958

[4] Menzel, L., Kleber, L., Friedrich, C., Hummel, R., Dangel, L., Winter, J., et al. (2016) Progranulin Protects against
Exaggerated Axonal Injury and Astrogliosis Following Traumatic Brain Injury. Glia, 65, 278-292.
https://doi.org/10.1002/glia.23091

[5] Namjoshi, D.R., Cheng, W.H., Mclnnes, K.A., Martens, K.M., Carr, M., Wilkinson, A., et al. (2014) Merging Pathology
with Biomechanics Using CHIMERA (closed-Head Impact Model of Engineered Rotational Acceleration): A Novel,
Surgery-Free Model of Traumatic Brain Injury. Molecular Neurodegeneration, 9, Article No. 55.
https://doi.org/10.1186/1750-1326-9-55

[6] McNamara, E.H., Grillakis, A.A., Tucker, L.B. and McCabe, J.T. (2020) The Closed-Head Impact Model of Engineered
Rotational Acceleration (CHIMERA) as an Application for Traumatic Brain Injury Pre-Clinical Research: A Status Re-
port. Experimental Neurology, 333, Article ID: 113409. https://doi.org/10.1016/j.expneurol.2020.113409

[7]1 Cifu, D., Hurley, R., Peterson, M., Cornis-Pop, M., Rikli, P.A., Ruff, R.L., et al. (2009) Clinical Practice Guideline:

Management of Concussion/mild Traumatic Brain Injury. The Journal of Rehabilitation Research and Development, 46,
CP1. https://doi.org/10.1682/jrrd.2009.06.0076

[8] Kochanek, P.M., Tasker, R.C., Carney, N., Totten, A.M., Adelson, P.D., Selden, N.R., et al. (2019) Guidelines for the
Management of Pediatric Severe Traumatic Brain Injury, Third Edition: Update of the Brain Trauma Foundation Guide-
lines, Executive Summary. Neurosurgery, 84, 1169-1178. https://doi.org/10.1093/neuros/nyz051

[9] HIREZESMEINEIES 2, PEMPEIEEEE EYMEL. B EMSSM} EE S FILH 2020 fR) [J]. H
HepgE g gk G, 2020, 100(19): 1443-1458.
[10] Sundman, M.H., Chen, N., Subbian, V. and Chou, Y. (2017) The Bidirectional Gut-Brain-Microbiota Axis as a Potential

Nexus between Traumatic Brain Injury, Inflammation, and Disease. Brain, Behavior, and Immunity, 66, 31-44.
https://doi.org/10.1016/1.bbi.2017.05.009

[11] Lim, H.B. and Smith, M. (2007) Systemic Complications after Head Injury: A Clinical Review. Anaesthesia, 62, 474-
482. https://doi.org/10.1111/.1365-2044.2007.04998 x

[12] Harrison-Felix, C.L., Whiteneck, G.G., Jha, A., DeVivo, M.J., Hammond, F.M. and Hart, D.M. (2009) Mortality over
Four Decades after Traumatic Brain Injury Rehabilitation: A Retrospective Cohort Study. Archives of Physical Medicine
and Rehabilitation, 90, 1506-1513. https://doi.org/10.1016/j.apmr.2009.03.015

[13] Norton, J.A., Ott, L.G., McClain, C., Adams, L., Dempsey, R.J., Haack, D., e al. (1988) Intolerance to Enteral Feeding
in the Brain-Injured Patient. Journal of Neurosurgery, 68, 62-66. https://doi.org/10.3171/jns.1988.68.1.0062

[14] Vieira, L.V., Pedrosa, L.A.C., Souza, V.S., Paula, C.A. and Rocha, R. (2018) Incidence of Diarrhea and Associated Risk

DOI: 10.12677/acm.2026.1651898 1023 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651898
https://doi.org/10.1089/neu.2006.0058
https://doi.org/10.1016/s1474-4422(18)30469-1
https://doi.org/10.1146/annurev-med-012309-103958
https://doi.org/10.1002/glia.23091
https://doi.org/10.1186/1750-1326-9-55
https://doi.org/10.1016/j.expneurol.2020.113409
https://doi.org/10.1682/jrrd.2009.06.0076
https://doi.org/10.1093/neuros/nyz051
https://doi.org/10.1016/j.bbi.2017.05.009
https://doi.org/10.1111/j.1365-2044.2007.04998.x
https://doi.org/10.1016/j.apmr.2009.03.015
https://doi.org/10.3171/jns.1988.68.1.0062

[15]

[16]

[17]

[18]

[19]

Factors in Patients with Traumatic Brain Injury and Enteral Nutrition. Metabolic Brain Disease, 33, 1755-1760.
https://doi.org/10.1007/s11011-018-0287-2

Li, X., Yang, Y., Ma, Z.F., et al. (2020) Enteral Combined with Parenteral Nutrition Improves Clinical Outcomes in
Patients with Traumatic Brain Injury. Nutritional Neuroscience, 25, 530-536.

Saxe, J.M., Ledgerwood, A.M., Lucas, C.E. and Lucas, W.F. (1994) Lower Esophageal Sphincter Dysfunction Precludes
Safe Gastric Feeding after Head Injury. The Journal of Trauma: Injury, Infection, and Critical Care, 37, 581-586.
https://doi.org/10.1097/00005373-199410000-00010

Fasano, A. and Shea-Donohue, T. (2005) Mechanisms of Disease: The Role of Intestinal Barrier Function in the Patho-

genesis of Gastrointestinal Autoimmune Diseases. Nature Clinical Practice Gastroenterology & Hepatology, 2, 416-
422. https://doi.org/10.1038/ncpgasthep0259

B, A, R, L PTG A E RIS o AR BAE AU AR 598 N 0 R R RRCR[T]. IR R R R,
2023, 48(5): 687-690.
Holcomb, M., Marshall, A.G., Flinn, H., Lozano-Cavazos, M., Soriano, S., Gomez-Pinilla, F., et al. (2025) Probiotic

Treatment Induces Sex-Dependent Neuroprotection and Gut Microbiome Shifts after Traumatic Brain Injury. Journal of
Neuroinflammation, 22, Article No. 114. https://doi.org/10.1186/s12974-025-03419-1

DOI: 10.12677/acm.2026.1651898 1024 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1651898
https://doi.org/10.1007/s11011-018-0287-2
https://doi.org/10.1097/00005373-199410000-00010
https://doi.org/10.1038/ncpgasthep0259
https://doi.org/10.1186/s12974-025-03419-1

	基于脑–肠轴探讨早期肠道补充益生菌对重型创伤性颅脑损伤患者预后的影响
	摘  要
	关键词
	The Impact of Early Gut Probiotic Supplementation on the Prognosis of Patients with Severe Traumatic Brain Injury: Based on the Gut-Brain Axis
	Abstract
	Keywords
	1. 引言
	2. 对象和方法
	2.1. 对象
	2.2. 纳排标准
	2.2.1. 纳入标准
	2.2.2. 排除标准


	3. 方法
	3.1. 观察组
	3.2. 研究组
	3.3. 观察指标

	4. 统计学分析
	5. 结果
	5.1. 基线资料对比
	5.2. 两组短期肠道功能及营养代谢比较
	5.3. 两组神经功能预后

	6. 讨论
	声  明
	基金项目
	参考文献

