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Abstract: Objective: To evaluate the efficacy of therapeutic hypothermia in enhancing cognitive and motor outcomes
six months post-TBIl. Methods: A retrospective cohort analysis was conducted on data from the Medical Information
Mart for Intensive Care (MIMIC) database. A total of 259 TBI patients were divided into a Routine group (n = 135)
and a Hypothermia Therapy group (n = 124). The hypothermia group received core temperature reduction to 33-
35°C for 3-5 days. Cognitive and motor functions were assessed using the Functional Independence Measure (FIM),
Fugl-Meyer Motor Assessment (FMA), and Glasgow Coma Scale (GCS) at baseline and six months post-treatment.
Patients’ satisfaction was also evaluated. Results: After six months of treatment, the hypothermia group showed sig-
nificantly higher FIM motor scores, and FIM cognitive scores than the routine group (P < 0.01). A higher proportion
of patients in the hypothermia group achieved mild impairment on the FMA assessment than in the routine group (P
= 0.003). The hypothermia group demonstrated better consciousness levels (P = 0.006) and reported significantly
higher patient satisfaction rate (P = 0.004). Conclusion: Hypothermia therapy significantly improved cognitive and
motor recovery in TBI patients, enhanced consciousness levels, and increased patient satisfaction rate.
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Introduction

Traumatic brain injury (TBI) represents a major
global public health concern, contributing sig-
nificantly to morbidity and mortality worldwide
[1]. Beyond the immediate neurological deficits,
TBI results in persistent cognitive and motor
impairments, profoundly compromising survi-
vors’ functional independence and long-term
quality of life. Although advancements in acute
trauma management have improved outcomes,
the treatment of TBI remains challenging due
to the intricate cascade of secondary injury
mechanisms that unfold following the initial
trauma [2]. These secondary injuries, charac-
terized by neuroinflammation, excitotoxicity,
oxidative stress, and programmed cell death,
exacerbate neuronal damage.

Current treatment strategies focus on mitigat-
ing these secondary effects to preserve neuro-

logical function and enhance recovery [3].
Among emerging interventions, therapeutic
hypothermia has garnered considerable atten-
tion as a neuroprotective strategy to attenuate
secondary brain damage [4]. By lowering core
body temperature, therapeutic hypothermia
reduces metabolic rate and energy demand,
thereby limiting lactate production and free rad-
ical generation, which helps minimize oxidative
stress [5]. Additionally, hypothermia suppress-
es pro-inflammatory cytokine release and mi-
croglial activation, further protecting neurons
from additional injury. Preclinical studies and
early clinical trials have shown that hypother-
mia can stabilize the blood-brain barrier, re-
gulate cellular apoptosis, and enhance autoph-
agy mechanisms, collectively contributing to its
neuroprotective effects [6].

Despite these promising preclinical findings,
the translation of hypothermia therapy into rou-
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tine clinical practice for TBI patients remains
controversial. Current evidence demonstrates
considerable heterogeneity in treatment out-
comes, largely attributable to variations in pa-
tient selection criteria, cooling methodologies
(including target temperatures, duration, and
rewarming rates), and endpoint assessments
[7]. Previous research has primarily focused on
the immediate benefits of hypothermia, such
as reductions in intracranial pressure and cere-
bral edema, with limited longitudinal investiga-
tions into the effect on functional recovery and
long-term outcomes. Consequently, there re-
mains a critical need for comprehensive stud-
ies that evaluate the sustained effects of hypo-
thermia on cognitive and motor recovery follow-
ing TBI [8].

The lack of detailed longitudinal studies exam-
ining the long-term cognitive and motor out-
comes of hypothermia therapy in TBI patients
highlights a significant gap in current research.
Such investigations are essential for establish-
ing evidence-based protocols and optimizing
therapeutic strategies. Our study was specifi-
cally designed to address this critical research
gap by comprehensive evaluation of hypother-
mia’s effects on functional outcomes at six-
month follow-up. We hope to provide valuable
insight into the sustained neuroprotective
effects of hypothermia as a more effective
treatment strategy for TBI patients.

Materials and methods
Case selection

Data of 259 TBI patients were collected from
Medical Information Mart for Intensive Care
(MIMIC; https://mimic.mit.edu) database. Ac-
cording to the treatment strategy, they were
divided into a Routine group (n = 135) and a
Hypothermia Therapy group (n = 124). This
study has been approved by the Medical Ethics
Committee of Guangxi Normal University.

Inclusion criteria: (1) patients aged 18 years or
older; (2) a confirmed history of trauma [9]; (3)
fulfillment of diagnostic criteria for TBI [10]; (4)
admission to the hospital within 6 hours follow-
ing the TBI [11]; (5) availability of complete clini-
cal data; and (6) completed follow-up at 6
months post-TBI.

Exclusion criteria: (1) presence of multiple
organ injuries, such as pulmonary contusion,
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laceration, or visceral rupture [12]; (2) brain
injuries resulting from indirect or non-direct
violence; (3) physical disabilities; (4) abnormal
coagulation function; (5) a history of lower limb
fracture surgery; (6) concurrent severe system-
ic infection or organ failure; and (7) a diagnosis
of mental illness.

Treatment approach

All patients initially received an intravenous
loading dose of 18 mg/kg of phenytoin (So-
dium phenytoin for injection, Shanghai Xinya
Pharmaceutical Co., Ltd, National Medical
Products Administration Approval Number
H31021717), followed by a daily maintenance
dose of 300 mg for seven days. For pain man-
agement, each patient was administered an
intravenous dose of 5 to 10 mg of morphine
per hour (Hydrobromic acid allyl morphine in-
jection, Qinghai Pharmaceutical Factory Co.,
Ltd, National Medical Products Administration
Approval No. H63020164) for at least 72 hours.
In terms of respiratory management, patients
in the routine group received intermittent intra-
venous vecuronium (Vecuronium Bromide for
Injection, Nanjing Xinbai Pharmaceutical Co.,
Ltd, National Medical Products Administration
Approval Number H20067267) as needed,
whereas those in the hypothermia therapy
group received continuous vecuronium infusion
for 72 hours to prevent shivering. Intracranial
pressure (ICP) was monitored in all patients.
Elevated intracranial pressure (exceeding 20
mmHg) was managed with a stepwise approach
involving intravenous vecuronium, ventricular
drainage, hyperventilation (maintaining arterial
carbon dioxide pressure above 30 mmHg), and
administration of mannitol (Injectio Mannitou,
Lanxiha Sanlian Pharmaceutical Co., Ltd, Na-
tional Medical Products Administration App-
roval Number H23020609) until serum osmo-
lality reached 315 mOsm/kg.

Patients in the hypothermia therapy group
underwent hypothermia treatment, which in-
volved wrapping ice packs with towels and plac-
ing them on the head and major blood vessels,
in addition to using an ice cap and ice blanket.
Temperature was closely monitored by measur-
ing anal temperature every 30 minutes until it
stabilized between 33-35°C. This treatment
continued for 3 to 5 days. For rewarming, cool-
ing measures were ceased, and patients were
covered with warm materials such as blankets
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Figure 1. Head Doppler ultrasound examination six months post-treatment.

to allow slow rewarming. The rate of rewarming
was controlled to increase by 1°C every 4
hours, returning to a temperature of 36-37°C
within 12 hours. During hypothermia, potassi-
um was supplemented as needed to maintain
normal serum levels. Glucose-containing fluids
were provided exclusively for parenteral nu-
trition.

Nutritional support, whether enteral or paren-
teral, began 48 hours after injury for the routine
group and 72 hours after injury for the hypo-
thermia therapy group.

Outcome measures

Intracranial pressure and cerebral hemody-
namics detection: Six months post-treatment,
patients received head Doppler ultrasound ex-
amination. Patients were positioned supine.
ICP, cerebral perfusion pressure (CPP), and
mean blood flow velocity (MBFV) were moni-
tored using the transcranial Doppler blood
flow analyzer (EME Companion, TC2021-ll,
Germany) (Figure 1).

The calculation of ICP used the Aaslid formula:

Mean - 3Peak

ICP = 0.6 X (Peak - 6

)-1.27
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CPP was calculated as the mean arterial pres-
sure (MAP) minus ICP (CPP = MAP - ICP).

MBFV represents the average speed of blood
flow through specific vessels (indicated as
‘mean’ in the Figure 1). Higher MBFV generally
indicates better cerebral perfusion, whereas
lower MBFV may suggest inadequate cerebral
perfusion or issues such as vascular stenosis.

Functional independence measure (FIM): FIM
was used to evaluate a broad range of activities
of daily living (ADLs), providing a comprehen-
sive assessment of patient independence and
functional status. The FIM score comprises 18
items, categorized into motor and cognitive
functions [13]. Each item was rated on a scale
from 1 to 7 based on the level of assistance
the individual needs to complete the activity. A
score of 7 indicates complete independence,
meaning the activity can be performed entirely
without help. A score of 6 signifies conditional
independence, where the individual may re-
quire auxiliary equipment or additional time but
no direct assistance from others. Scores rang-
ing from 5 to 2 represent varying degrees of
dependence, with higher scores indicating less
need for supervision, preparation, guidance, or
physical assistance. A score of 1 denotes com-
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plete dependence, meaning the individual was
almost entirely unable to participate in activi-
ties and requires significant or total assistance
from others. The overall FIM score was calcu-
lated by summing the scores of each individual
item [14].

Fugl-Meyer motor assessment (FMA): Six mon-
ths post-treatment, the FMA was employed
to evaluate the patient’s motor function. This
assessment includes 50 items that measure
coordinated extension and flexion of muscles,
reflex activity, hyperreflexia, and coordination
ability. Specifically, 23 items assess the upper
limbs, and 27 items assess the lower limbs.
The scoring system ranges from O to 2 for each
item, with a total possible score of 100 points.
Scores between 96 and 100 indicate mild
impairment, scores from 86 to 95 signify sig-
nificant obstacles, scores from 50 to 85 repre-
sent moderate impairment, and scores below
50 were classified as severe impairment [15].

Glasgow coma scale (GCS): Six months post-
treatment, the GCS was used to evaluate the
patient’s level of consciousness by assessing
their eye-opening, verbal, and motor responses
[16]. The scale has a total score of 15 points,
with lower scores indicating more severe levels
of coma. Eye-opening responses were scored
from 4 points for spontaneous eye opening to
1 point for no response. Verbal responses
range from 5 points for normal conversation to
1 point for no verbal response. Motor respons-
es were scored from 6 points for following
instructions to 1 point for no movement re-
sponse. A total score of 15 indicates full wake-
fulness. A GCS score of 13 or higher signifies
mild consciousness impairment; scores be-
tween 9 and 12 indicate moderate impairment;
and scores of 8 or lower represent severe con-
sciousness impairment [17].

Satisfaction: Patient satisfaction in both groups
was assessed using the Press Ganey Patient
Satisfaction Survey [18]. The questionnaire pri-
marily evaluated patients’ satisfaction with the
treatment process, outcome, and medical pro-
cedures. Scores ranged from O to 100, with
higher scores indicating greater satisfaction.
Scores of 90-100 were classified as very satis-
fied, 60-89 as generally satisfied, and below 60
as dissatisfied. Overall satisfaction was calcu-
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lated as the percentage of patients who were
either very satisfied or generally satisfied divid-
ed by the total number of cases, multiplied by
100%.

Statistical analysis

All statistical analyses were carried out using
SPSS software version 28.0 (SPSS Inc., Chi-
cago, IL, USA). Measured data that followed a
normal distribution were presented as mean +
standard deviation and compared using stu-
dent t test. Categorical data were expressed as
frequency and percentage and analyzed by chi-
square test. Statistical significance was set at
P < 0.05.

Results
Demographic characteristics

There was no significant differences in the
mean age, body mass index (BMI), sex distribu-
tion, smoking or drinking history, hypertension,
diabetes, educational level, marital status, eth-
nicity, injury type or damage type, motor cortex
injury, cerebral hernia, intracranial hematoma,
or skull fracture frequency between the routine
group and the hypothermia group (all P > 0.05)
(Table 1). These findings indicate a well-mat-
ched sample population for the subsequent
evaluation of cognitive and motor outcomes at
6 months post-injury.

Comparison of treatment-related indicators

Both groups received similar amount of mor-
phine (P = 0.809) and potassium (P = 0.807).
However, the hypothermia group required sig-
nificantly higher doses of vecuronium (P =
0.002) and demonstrated a more favorable
cumulative fluid balance during the first 96
hours of admission compared to the routine
group (P = 0.003). Although the hypothermia
group showed lower food intake by day six than
the routine group, which was not statistically
significant (P = 0.087). There was no significant
difference observed in the administration of
mannitol between the two groups (P = 0.216).
These findings suggest that while hypothermia
therapy may require adjustments in concurrent
medication administration, it may contribute to
improved fluid management in the acute phase
post-injury (Table 2).
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Table 1. Comparison of demographic characteristics between groups

Hypothermia therapy group

Routine group (n = 135) (n = 124) t/x? P

Age (years) 46.63 £ 15.62 4756 + 15.61 0.478 0.633
Body Mass Index (kg/m?) 23.54 + 1.55 23.61+1.42 0.411 0.681
Female/Male 72 (53.33%)/63 (46.67%) 68 (54.84%)/56 (45.16%) 0.059 0.808
Smoking history (Yes/No) 31 (22.96%)/104 (77.04%) 30 (24.19%)/94 (75.81%) 0.054 0.816
Drinking history (Yes/No) 35 (25.93%)/100 (74.07%) 32 (25.81%)/92 (74.19%) 0 0.983
Hypertension (Yes/No) 21 (15.56%)/114 (84.44%) 16 (12.9%)/108 (87.1%) 0.371 0.542
Diabetes (Yes/No) 16 (11.85%)/119 (88.15%) 17 (13.71%)/107 (86.29%)  0.201 0.654
Educational level (Junior college graduate or lower/College graduate or higher) 69 (51.11%)/66 (48.89%) 74 (59.68%)/50 (40.32%) 1.918 0.166
Marital Status (Married/Unmarried) 102 (75.56%)/33 (24.44%) 95 (76.61%)/29 (23.39%) 0.040 0.842
Ethnicity (Han/Other) 127 (94.07%)/8 (5.93%) 116 (93.55%)/8 (6.45%) 0.031 0.861
Injury type 0.294 0.961

Car accident injury 64 (47.41%) 62 (50%)

Falling injury 38 (28.15%) 35 (28.23%)

Smash injury 18 (13.33%) 15 (12.1%)

Other 15 (11.11%) 12 (9.68%)
Damage type 0.228 0.633

Simple traumatic brain injury 44 (32.59%) 37 (29.84%)

Multiple injuries 91 (67.41%) 87 (70.16%)
Motor Cortex Injury (Yes/No) 23 (17.04%)/112 (82.96%) 21 (16.94%)/103 (83.06%) 0 0.983
Cerebral hernia (Yes/No) 14 (10.37%)/121 (89.63%) 11 (8.87%)/113 (91.13%) 0.167 0.683
Intracranial hematoma (Yes/No) 18 (13.33%)/117 (86.67%) 15 (12.1%)/109 (87.9%) 0.089 0.766
Skull fracture (Yes/No) 6 (4.44%)/129 (95.56%) 5 (4.03%)/119 (95.97%) 0.027 0.869
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Table 2. Comparison of post hospitalization treatment between groups

Routine group

Hypothermia therapy

(n=135) group (n = 124) t P
Morphine (mg) 8.21 £ 3.05 8.3+3.27 0.241 0.809
Vecuronium (mg) 6.91+2.84 8.21+3.81 3.101 0.002

Mannitol (g)
Potassium (mmol)
Food intake by day 6 (kcal/day)

43.15 £ 17.65
26.62+11.24
1598.65 + 549.65 1482.67 +534.97 1.718 0.087

45.95 + 18.62 1.239 0.216
26.95 + 10.32 0.244 0.807

Cumulative fluid balance during first 96 hours (ml) 3061.85 + 1146.54 2656.32 + 1056.61 2.952 0.003
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Figure 2. Comparison of intracranial pressure and cerebral hemodynamics between the two groups. A: Intracranial
pressure; B: Cerebral perfusion pressure; C: Mean velocity. ns: no significant difference; **: P < 0.01.

Intracranial pressure and cerebral hemody-
namics comparison

No significant difference in intracranial pres-
sure (P = 0.758) and Mean velocity measure-
ments (P = 0.145) between the two groups.
However, the hypothermia group had significant
increase in cerebral perfusion pressure than
the routine group (P = 0.009). These findings
imply that hypothermia therapy might enhan-
ce cerebral perfusion pressure while maintain-
ing adequate control of intracranial pressure
and similar blood flow velocities following TBI
(Figure 2).

FIM comparison

No significant differences were observed in
motor function (P = 0.633) or cognitive func-
tion (P = 0.112) between the groups. However,
at the six-month follow-up, the hypothermia
therapy group exhibited a significant improve-
ment in both motor function (P = 0.008) and
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cognitive function scores (P = 0.003). These
findings suggest that hypothermia therapy en-
hanced both motor and cognitive recovery in
patients with TBI, highlighting its utility in pro-
moting functional independence post-injury
(Figure 3).

Motion state comparison

Compared to the routine therapy group, the
hypothermia group exhibited a higher propor-
tion of patients with mild impairment (27.42%
vs. 17.78%) and a lower proportion with severe
impairment (9.68% vs. 14.81%). Additionally,
moderate impairment was less frequent in
the hypothermia group (15.32% vs. 31.85%),
whereas obvious obstacles were more preva-
lent (47.58% vs. 35.56%). These findings indi-
cate that hypothermia therapy may contribute
to better motor function recovery, resulting in
a higher likelihood of achieving mild motor
impairment post-TBI (P = 0.003; Table 3).
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5459 Am J Transl Res 2025;17(7):5453-5464



Hypothermia therapy for traumatic brain injury

Table 3. Comparison of Fugl Meyer Motor Assessment between groups

Routine group (n = 135)

Hypothermia therapy group (n = 124) X2 P

Mild impairment 24 (17.78%)
Obvious obstacles 48 (35.56%)
Moderate impairment 43 (31.85%)
Severe impairment 20 (14.81%)

34 (27.42%) 13.703  0.003
59 (47.58%)
19 (15.32%)
12 (9.68%)

Table 4. Comparison of GCS between two groups

Hypothermia therapy

Routine group (n = 135) group (n = 124) X2 P

Mild consciousness impairment 71 (52.59%) 89 (71.77%) 10.092 0.006
Moderate consciousness impairment 52 (38.52%) 28 (22.58%)
Severe consciousness impairment 12 (8.89%) 7 (5.65%)
GCS: Glasgow Coma Scale.
Table 5. Comparison of satisfaction between two groups

Routine group (n = 135) Hypothermia therapy group (n = 124) X2 P
Dissatisfied 26 (19.26%) 11 (8.87%)
Generally satisfied 62 (45.93%) 47 (37.9%)
Very satisfied 47 (34.81%) 66 (53.23%)
Overall satisfaction 109 (80.74%) 113 (91.13%) 5.696 0.017

GCS comparison

The hypothermia therapy group exhibited a
significantly higher proportion of patients with
mild consciousness impairment compared to
the routine treatment group (71.77% vs.
52.59%). In contrast, moderate impairment
was more common in the routine group
(38.52% vs. 22.58%), while severe impairment
showed a similar trend (8.89% vs. 5.65%).
These results suggest that hypothermia thera-
py was associated with an improved conscious-
ness level, as evidenced by higher rates of mild
impairment and lower incidences of moderate
and severe impairments, highlighting a benefit
in the management of TBI (P = 0.006; Table 4).

Patient satisfaction rate comparison

Overall satisfaction was significantly higher in
the hypothermia therapy group (91.13%) com-
pared to the routine treatment group (80.74%;
P = 0.017; Table 5). These findings suggest th-
at therapeutic hypothermia could enhance
both clinical outcomes and patient experience
in TBI management.
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Discussion

The present study aimed to explore the effi-
cacy of hypothermia therapy as a neuroprotec-
tive intervention following TBI six months post-
treatment. The findings demonstrated that
patients who received hypothermia therapy
exhibited significantly improved cognitive and
motor functions compared to those receiving
routine treatment, alongside enhanced satis-
faction and consciousness levels. These prom-
ising outcomes merit a detailed reflection on
the underlying mechanisms that might contrib-
ute to the observed therapeutic benefits of
hypothermia therapy.

One of the foremost explanations for the bene-
fits observed under hypothermia therapy was
its ability to mitigate secondary brain injury pro-
cesses that commonly follow the primary trau-
matic insult. After TBI, a cascade of secondary
injuries - involving neuroinflammatory respons-
es, excitotoxicity, oxidative stress, and cellular
apoptosis - exacerbates brain tissue damage.
Hypothermia was hypothesized to attenuate
these deleterious processes by diminishing
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metabolic demands in brain tissue, thereby
preserving cellular integrity and function. The
reduction of cerebral metabolic rate conse-
quentially leads to decreased production of lac-
tate and free radicals, limiting oxidative stress
and safeguarding neuronal structures [19].

A significant finding in this study was the nota-
ble improvement in cerebral perfusion pres-
sure, which was higher in the hypothermia-
treated group compared to the routine group.
This outcome can be attributed to the vaso-
constrictive effect of hypothermia, leading to
reduced ICP by minimizing cerebral edema and
improving microcirculation [20]. By maintaining
more stable ICP and enhancing cerebral hemo-
dynamics, hypothermia therapy may promote
better delivery of oxygen and nutrients to the
brain, further supporting neuronal recovery and
function [21]. In support of this hypothesis, Lilla
et al. [22] conducted a study on subarachnoid
hemorrhage (SAH) in animals and found that
hypothermia improved CPP by slightly increas-
ing MAP during the cooling phase and signifi-
cantly reducing ICP. They observed a trend
towards increased cerebral blood flow (CBF)
during the first 60 minutes after SAH. Addi-
tionally, the rate of injured neurons was signifi-
cantly lower in hypothermia-treated animals
compared with normothermic controls. These
experimental results align closely with our cli-
nical observations, suggesting that hypother-
mia-mediated stabilization of ICP and improve-
ment in CBF represent fundamental mecha-
nisms underlying its neuroprotective efficacy in
acute brain injury.

The role of hypothermia in modulating inflam-
matory responses was another critical mecha-
nism to consider. Temperature reduction was
known to suppress the activation of microglia
and astrocytes, curtailing the release of pro-
inflammatory cytokines such as Tumor Necrosis
Factor-alpha (TNF-a), Interleukin-1 beta (IL-1p),
and Interleukin-6 (IL-6). This dampened inflam-
matory response potentially prevents extensive
neuronal damage and cell death. Moreover, by
slowing the rate of neuroinflammation, hypo-
thermia provides a conducive environment for
neurorestorative processes, facilitating synap-
tic repair and neurogenesis [23].

Interestingly, while both groups demonstrated
comparable baseline intracranial pressure, the
hypothermia-treated cohort exhibited signifi-
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cantly improved cerebral perfusion pressure,
indicating a distinct hemodynamic advantage.
This observed effect may be mediated through
hypothermia-induced enhancement of cerebral
autoregulation, which appears to optimize vas-
cular responsiveness and dynamically match
cerebral blood flow to metabolic demands.
Such preserved autoregulatory capacity not
only substantiates hypothermia’s neuroprotec-
tive properties but also ensures critical mainte-
nance of perfusion to vulnerable brain regions
following traumatic injury.

On the motor side, the FMA indicated improved
motor recovery in patients undergoing hypo-
thermia therapy, with a higher proportion of
these patients demonstrating mild impair-
ments compared to those receiving routine
treatment. This motor recovery might be relat-
ed to the reduced extent of injury and preserva-
tion of motor cortex functionality due to hypo-
thermia’s neuroprotective effects. David et al.
[24] conducted a study on the intraparenchy-
mal implantation of SB623 cells in patients
with chronic motor deficits after TBI. Their re-
sults showed that SB623 cell therapy signifi-
cantly improved motor status at 24 weeks, with
continued improvement in function and ADL at
48 weeks. These findings suggest that cell ther-
apy can modify chronic neurological deficits
after TBI, providing additional evidence for the
potential benefits of neuroprotective interven-
tions. Additionally, hypothermia-induced reduc-
tion in axonal injury should not be overlooked
as it potentially contributes to the retention and
restoration of motor pathways.

The enhanced consciousness and overall pa-
tient satisfaction observed in the hypothermia
group align with the physiologic benefits and
clinical efficacy demonstrated in this study. An
improved level of consciousness, associated
with a higher prevalence of mild consciousness
impairment, signifies less neurocognitive bur-
den and aligns with the proposed mechanisms
of hypothermia attenuating secondary brain
insults. Patient satisfaction being higher in the
hypothermia group might reflect perceived im-
provement in functional recovery and quality of
life, providing additional support for the appli-
cability of hypothermia in clinical settings.

Notably, hypothermia therapy required modest
adjustments in concurrent medication admi-
nistration, as seen in the increased doses of
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vecuronium required to prevent shivering [25].
Shivering counteracts the cooling effects and
increases metabolic demand, negating some
benefits of hypothermia; hence, adequate neu-
romuscular blockade was essential to maintain
the targeted therapeutic range of lowered core
body temperature.

This study had several limitations that should
be considered alongside its promising findings.
The retrospective cohort design carries inher-
ent risks of selection bias and limited control
over confounding variables, while the lack of
randomization means baseline differences be-
tween groups may have influenced outcomes.
Additionally, the reliance on historical data
might have affected the completeness and
accuracy of the recorded outcomes and treat-
ment details. The study’s focus on a single cen-
ter may limit the generalizability of the results
to different clinical settings or populations.
Furthermore, the absence of standardization in
the implementation of hypothermia protocols,
including the duration and degree of cooling,
calls for caution in interpreting the data. Future
multicenter prospective randomized trials with
standardized protocols and diverse popula-
tions are needed to validate these findings and
enhance external validity [26]. Extended follow-
up beyond six months would better assess
long-term neuroprotective effects and quality
of life impacts. Further investigation into the
effects of therapeutic hypothermia on specific
biomarkers, such as inflammatory factors, oxi-
dative stress markers, and neuron-specific pro-
teins, could provide insights into its mecha-
nisms of action and offer a basis for per-
sonalized treatment. Additionally, investigating
combination therapies with antioxidants, anti-
inflammatories, or stem cells may further opti-
mize TBI management.

Conclusion

Hypothermia therapy emerged as a favora-
ble intervention improving both cognitive and
motor outcomes following TBI. This study adds
to the growing body of evidence supporting the
adoption of hypothermia as a neuroprotective
strategy, highlighting its capacity to modulate
pathophysiologic processes such as neuroin-
flammation and cerebral perfusion. These find-
ings might help refine therapeutic approaches
for individuals suffering from traumatic brain
injuries.
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