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Abstract

Background: Traumatic brain injury (TBI) is the leading cause of morbidity and mortality. Each year near 1.5 million Americans
experience a TBI. Of which about 235,000 are hospitalized. Also, TBI claims 50 000 American lives each year. TBI causes mechanical
damage to the blood-brain barrier and white blood cells (WBCs) entry to the brain.

Objectives: The current study aimed to evaluate the efficacy of low-dose Atorvastatin on inflammatory factors in patients with
traumatic brain injury (TBI).

Methods: This double-blind, randomized clinical trial study was conducted in the ICU ward of Golestan Hospital in the city of Ahvaz
(Iran) from April 2019-May 2020. Sixty patients with moderate to severe TBI were studied. Patients were randomly assigned into two
groups of Atorvastatin and control. The main outcomes included the amount of CRP and ESR as well as white blood cells in the first
14 days of hospitalization. Glasgow Coma Score, the length of ICU stay, and the duration of mechanical ventilation were secondary
outcomes.

Results: The amount of CRP in the Atorvastatin group on the 14th day of hospitalization was significantly lower than those in the
control group (31.99 + 8.38 vs 59.65 - 10.43) (P < 0.0001). On the same day, the Atorvastatin group had lower levels of ESR than the
control group (14.28 & 4.18 vs 25.57 & 5.18) (P < 0.0001). The Atorvastatin group had significantly lower levels of white blood cells
than the control group (5247.53 = 751.93 vs 7143.94 & 907.64, P < 0.0001). Glasgow Coma Score at the time of discharge from the ICU
in the Atorvastatin group was more than control (14.06 &= 1.45 and 11.85 &= 0.75, respectively) (P < 0.05). A significant difference was
found concerning the ICU stay between the two groups (P = 0.03).

Conclusions: This study demonstrated that Atorvastatin could reduce the rate of inflammatory factors in TBI patients. The inflam-
matory condition of TBI patients heavily determines their prognosis. Inflammation leads to several reactions as well as interactions
between different cells and chemical mediators. The Atorvastatin could reduce the rate of inflammatory factors and improved GCS
in TBI patients.
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. Background

Traumatic brain injury (TBI) is the leading cause of
morbidity and mortality. Each year near 1.5 million Ameri-
cans experience a TBI. Of which about 235,000 are hospital-
ized. Also, TBI claims 50 000 American lives each year (1).
TBI causes mechanical damage to the blood-brain barrier
and white blood cells (WBCs) entry to the brain (2). WBCs
(neutrophils and activated macrophages) can release reac-
tive oxygen molecules that eventually lead to cell destruc-
tion; They also stimulate the release of cytokines such as
TNF alpha and Interleukins (IL-1, IL-6, IL-10, and IL12) (3).
The inflammatory condition has an important role in the

prognosis of patients with severe TBI. Inflammation leads
to several reactions and interactions between different cell
types and chemical mediators. During the acute phase re-
action, the synthesis of C-reactive protein (CRP) increases
so that its concentration increases significantly by 1000
times within 4-6 hours after tissue damage or acute inflam-
mation (4, 5). ESR is the main indicator of acute-phase pro-
tein plasma reaction, which leads to a viscosity blend index
and inflammation. Statins have anti-inflammatory effects
and can reduce plasma CRP concentration (6, 7).

Statins also have anti-inflammatory and immuno-
genic properties (5, 6, 8, 9). Atherovstatin modulates
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the immune system by affecting the endothelial cells,
macrophages, Natural killer cells, and neutrophils (10).
Statins are widely using to treat TBI due to their anti-
inflammatory effects (11). Several studies have reported
the effects of statins on the TBI pattern and its related
processes, including cerebral ischemia, intracranial hem-
orrhage, and Sub Arachnoid Hemorrhage (12). However,
there are studies that reported controversial results (13).

2. Objectives

The ratio of risk and benefit of statin treatment in the
TBIICU patients is not yet known. Moreover, the findings of
studies on the effectiveness of statins for TBI patients are
controversial. Hence, the current study aimed to investi-
gate the effect of low-dose oral Atorvastatin on inflamma-
tory factors in TBI patients.

3. Methods

3.1. Trial Design

This double-blind, randomized clinical trial study was
conducted on TBI patients in the ICU ward of Golestan
Hospital in the city of Ahvaz (Iran) from April 2019-
May 2020. The study is approved by the Ethics Com-
mittee of Jundishapur University of Medical Sciences
(code: IR AJUMS.REC.1398.589). It’s also registered by code:
IRCT20191016045127N1. Written informed consent was ob-
tained from the patient’s legal representative.

3.2. Sample Size

The sample size was calculated using the relevant for-
mula by considering a 95% confidence interval (CI). The
study population consisted of 60 patients, based on the
previous data (14).

Inclusion criteria: being aged 18 to 50 years, a moder-
ate decrease in GCS (9-13), or severe decrease in GCS (5-8),
having isolated TBI, and having brain contusions less than
30 cc volume in brain CT scan.

Exclusion criteria: GCS of 3 and 4, needing surgical
evacuation, having spinal cord injury (SCI), history of re-
nal or hepaticdiseases, history of brain tumors, stroke, pre-
vious craniotomy, international normalized ratioc (INR)
above 1.5, coagulopathy or treatment with anticoagulants
a week before to admission, and baseline systolic BP < 90
mm Hg without responding to fluid administration.

3.3. Randomization

Random allocation was performed using a computer-
generated eight-patient block randomization procedure.
After eligibility assessment at ICU admission, each pa-
tient received a sealed brown envelope containing the
random Atorvastatin or control treatment (the envelopes
were opened on the evening of the first ICU day).

Blinding: two physicians, according to the require-
ments of the Ethics Committee, were aware of patients
allocations and were continuously monitoring patients’
health status, without participating in clinical decisions
about sedative administration or interrupting the treat-
ment.

In this study, patients in the intervention group re-
ceived atorvastatin 40 mg tablet (Sobhan Darou, Iran) daily
until hospitalization in ICU, and those in the control group
received placebo (Placebo capsules filled by cornstarch
powder (Beijing, China (by NG tube. The intervention be-
gan within 10 h of injury for all of the patients.

Primary Outcomes: CRP, ESR, and WBC serum levels
changes (as inflammatory factors) in the first 14 days of
hospitalization were the primary outcomes.

Secondary Outcomes: Glasgow Coma Score (GCS), the
duration of mechanical ventilation, the length of ICU stay,
and mortality rate in the ICU were examined. Data regard-
ing these variables were collected using a questionnaire by
aresearcher who was blind to the study. The liver function
was checked every day of ICU stay.

3.4. Statistical Analysis

Data were analyzed using SPSS version 22 (Chicago, IL).
The results are expressed as mean+ standard deviation,
percentages (%), and numbers (n). The independent sam-
ples t-test was used to analyze the parametric data, and
discrete (categorical) variables were analyzed using the x*
test. The Repeated Measures ANOVA parametric test was
also used to compare the two groups at different study
times for CRP, ESR, and WBC. Statistical significance was
considered when P value < 0.05.

4. Results

During the study period (April 2019-May 2020) 80 eligi-
ble patients were admitted to the ICU ward of the Golestan
Hospital. After initial screening, 70 cases agreed to partici-
pate, and their legal representatives signed the informed
consent. After further investigation, 10 patients were ex-
cluded due to not having inclusion criteria. Finally, 60 pa-
tients were enrolled in the study. Participants were divided
into two groups of Atorvastatin and placebo (each with 30
subjects) (Figure 1). There was no statistically significant
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difference between the two groups concerning the demo-
graphic characteristics (Table 1).

Comparing the CRP levels on the 14th day of the study
and the baselinerevealed a significant decrease (53%)in the
intervention group compared to the control group (16%) (P
< 0.0001) (Table 2 and Figure 2). In the Atorvastatin group,
the changes in CRP between the first, 10th, and 14th days
were significant (F=239.102, P < 0.0001). In the Control
group, the changes in CRP between the first,10 th and 14 th
days were significant (F=10.655, P < 0.003).

Regarding the ESR level, significant changes were ob-
served at both groups on the 14th day of ICU admission (P <
0.0001). The observed decline in the intervention and con-
trol groups was 55 and 14%, respectively (Table 2 and Figure
3). In the Atorvastatin group, the changes in ESR between
the first, 10th, and 14th days were statistically significant
(F=113.790, P < 0.0001). In the Control group, the changes
in ESR between the first, 10th, and 14th days were signifi-
cant (F=12.924, P=0.001). Concerning the WBC level, while
both groups were similar at the baseline and on the 7th
day, a significant difference was observed at the 10th and
14th days of admission. Also, a significant decrease in WBC
was observed in the Atorvastatin group (P < 0.0001) (Table
2 and Figure 4). In the Atorvastatin group, the changes in
WBC between the first, 10th, and 14th days were significant
(F=209.851, P < 0.0001). In the Control group, the changes
in WBC between the first, 10th, and 14th days were signifi-
cant (F=78.895,P < 0.001).

The clinical status of patients in both groups in terms
of duration of mechanical ventilation, the length of ICU
stay, and the mortality rate is provided in Table 3. A signifi-
cant difference was observed concerning the length of ICU
stay between the two groups (P =0.03) (Table 3).

GCS of patients at the baseline and on the seventh day
of admission was not significantly different between the
two groups, but on the tenth (12.31 & 3.47 vs. 10.16 + 2.64,
P=0.04) and fourteenth days (14.06 + 2.1 vs. 11.85 =+ 3.08,
P=0.01), those in the intervention group had higher GCS
than the control group, which was statistically significant
(P< 0.05)(Figure 5). The changes in the liver function were
not significant between the two groups. We did not find
any signs of infection during the ICU stay.

5. Discussion

In the present study, we investigated the effect of low-
dose of oral Atorvastatin on inflammatory factors in TBI pa-
tients admitted to the ICU. In this study, we compared the
level of CRP, ESR, and WBC in the first, 10th, 14th days after
receiving Atorvastatin. Also, a low dose of this drug was
used to evaluate its effects; the literature review revealed
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that previous studies only have investigated the effects of
Atorvastatin after treatment.

In the present study, Atorvastatin significantly reduced
the rate of inflammatory factors (CRP and ESR) on the 14th
day of ICU admission. The CRP level was decreased by 53%
and 16% in the Atorvastatin and control groups, respec-
tively. Also, the ESR rate in the intervention and control
groups decreased by 55% and 14%, respectively.

There are trials on the effectiveness of Atorvastatin in
TBI patients that completed phase II. Statin can prevent
cholesterol biosynthesis and facilitates functional recov-
ery following TBI in rodents. Simvastatin inhibits caspase-3
activation and apoptotic cell death, thereby improves neu-
ronal rescue after TBI. Simvastatin improves the appear-
ance of several growth factors and stimulates neurogene-
sis. Besides, it can support functional improvement after
TBI (16).

Claudia S Robertson et al. showed that atorvastatin ad-
ministration in patients with moderate TBI could reduce
post-concussion symptoms. They also argued that ator-
vastatin administration for patients with one-week post-
injury would be safe; nevertheless, no significant differ-
ence was observed concerning the neurological recovery
post-mTBI with atorvastatin (17). Rongai Jiang et al. in-
vestigated the effect of Atorvastatin on Chronic Subdural
Hematoma in phase II clinical trials. They found that Ator-
vastatin may be a safe and efficacious nonsurgical alterna-
tive for treating patients with chronic subdural hematoma
(18).

Nagib et al. reported a significant decrease in CRP
level 48 hours afteradministration of Simvastatin in TBI pa-
tients; however, they didn’t report a significant difference
concerning the Interleukin 6 levels (19). Zhang et al. re-
ported a significant reduction in CRP during the six-month
administration of oral atorvastatin 20 mg in patients with
stroke (20). Aguilar et al. didn’t report a statistically sig-
nificant anti-inflammatory effect for statin in TBI patients,
which is not in line with the findings of the present study.
This discrepancy can be attributed to the short period of
their study (three days) (13). In most cases, CRP and ESR
are co-administered in hospitalized patients suspected of
inflammatory or infectious disorders. ESR is higher in fe-
males than males. Besides, its concentration also increases
with age, an issue which is neglected by most laboratory
references. It's not clear whether there is a gender dif-
ference concerning the CRP or whether its concentration
changes with age. However, in this study, age and gender
factors were not taken into account while investigating the
effects of Atorvastatin on inflammatory factors.

Inflammation of brain tissue after TBI may result in
severe consequences such as changes in protein function,
increased cell membrane permeability, leukocyte infiltra-
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Figure 1. CONSORT Flow Diagram

Table 1. Demographic Characteristics of Participants Separated by the Group

Variable Control (N=30) Atorvastatin (N=30) PValue
Sex M/F 14/16 17/13 0.54%
Age (Year), mean -+ SD 5236 £ 21.45 45.42 +18.52 0.36°
Weight (Kg), mean + SD 69.56 +17.12 73.10 4 24.50 0.74
Height (Cm), mean + SD 172.45 £ 22.54 176.44 £+ 18.50 0.38
APACHE II Score, mean =+ SD 27.56 +10.82 29.73 £ 9.41 0.29°

Abbreviations: SD, standard deviation; APACHE, Acute Physiology and Chronic Health Evaluation.

%7 test.
bstudent t-test.

tion, and cerebral tissue edema (21). Therefore, treat-
ing these side effects is necessary. Some studies on pa-
tients with other problems have also examined the anti-
inflammatory effects of statins; for example, in an eight-
week study on patients with congestive heart failure who

were receiving these drugs every day, inflammatory factors
(e.g. CRP) were reduced by 37% (22). In patients with is-
chemic stroke, rheumatoid arthritis, acute coronary syn-
drome, hyperlipidemia, etc., these anti-inflammatory ef-
fects have brought positive results (23, 24). Investigating
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Table 2. Comparison of Inflammatory Factors (CRP and ESR) Between the Two Groups

Variable Atorvastatin Group, Mean = SD (15) Control Group, Mean =+ SD (15) P Value
CRP (mg/L)
First day 69.68 &= 9.52 68.76 £ 11.97 0.2500
10th day 50.48 £ 19.18 64.46 £ 9.55 0.0003°
14th day 3199 1838 59.65 £10.43 < 0.0001°
ESR (mm/hr)
First day 31.42 +7.50 30.36 £ 4.58 0.1732
10th day 2237+ 6.32 26.91 £ 5.86 0.0027*
14th day 14.28 £ 4.18 25.57 & 5.18 < 0.0001°
WBC (cells x 10°/uL)
First day 10666.08+1647.93 10334.19 £ 1722.95 0.1511
10th day 6471.05 £ 446.76 8356.13 & 1221.90 < 0.0001°
14th day 5247.53 £ 751.93 7143.94 + 907.64 < 0.0001°
Abbreviations: CRP, C - reactive protein; ESR, erythrocyte sedimentation rate; WBC, White Blood Cell.
?significant. Independent samples t-test was used.
Table 3. Comparison of Secondary Outcomes
Variable Control, Mean =+ SD (15) Atorvastatin, Mean =+ SD (15) PValue
Mechanical ventilation time (Days) 87+34 61+£25 0.73
ICU staying time (Days)* 1n2+35 9.4 £21 0.03
Mortality rate (No.) 4 3 0.26

Abbreviations: ICU, Intensive Care Unit.
*Independent samples t-test was used.
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Figure 2. The changes of CRP after administration of Atorvastatin or Placebo

the effects of statins on the inflammatory status of go-
nadotropins showed that inflammatory problems present
with symptoms such as trauma, sepsis, heart problems,
etc., and change the permeability of the blood-brain bar-
rier and activate the microglia or over-stimulation of in-
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Figure 3. The changes of ESR after administration of Atorvastatin or Placebo

flammatory responses in the brain. Therefore, consuming
medicines such as atorvastatin may alter the pathophysio-
logical responses of the central nervous system to inflam-
mation in TBI patients (25).

Another important finding of the present study was
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Figure 4. The changes of WBC after administration of Atorvastatin or Placebo
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Figure 5. The changes of GCS after administration of Atorvastatin or Placebo

the significant decline of WBCs on the 14th day of ICU ad-
mission in the intervention group. Xu et al, in an ani-
mal study, have investigated changes in different types of
WBCs, such as T-cells and NK cells, in the post-traumatic
brain injury period and reported a significant increase in
the number of T-cells and NK cells three days after con-
suming atorvastatin. There are studies that reported the
destructive effect of increasing T-cells on neurotransmit-
ters, which in turn may cause increased inflammation in
brain tissue and neuronal damage (26). They argued that
the destructive effects of NK Cells could be attributed to

their toxic effects on brain cells. The destructive effects of
NK Cells can cause inflammation and neuronal damage in
the acute phase of brain damage through IFN-y (27, 28).

In this study, the GCS of patients was assessed several
times, from the onset of the study to the 14th day. Those
in the intervention group had a significantly higher level
of consciousness than the control group. This finding may
be due to the protective effects of atorvastatin on the brain,
which can prevent the release of inflammatory factors as
well as neutrophil infiltration in the brain parenchyma to
some extent with its anti-inflammatory effects on cerebral
edema (29). Similar findings are reported by Rongcai Jiang
and colleagues that investigated the effects of Atorvastatin
on patients with chronic subdural hematoma in their clini-
cal trial. They concluded that Atorvastatin could effectively
increase the GCS (18). Naqibi also reported a significant in-
crease in the consciousness level of patients in the inter-
vention group compared to the control group after a week
from ICU discharge (19).

In a clinical trial similar to ours on TBI patients, the
authors reported that using statin could improve anti-
inflammatory effects and patient recovery and reduced the
disability scores (13). Morandi also examined critically ill
patients with brain damage and reported that systematic
inflammation could cause neuronal apoptosis, damage to
the blood-brain barrier, and cerebral ischemia. They re-
ported that statins could reduce such consequences and
the occurrence of cognitive complications (25). In stud-
ies conducted on animals with traumatic induced brain in-
jury, seven days of oral administration of atorvastatin was
associated with effective preservation of brain neurons be-
cause of increasing the number of vessels in those areas af-
ter a traumatic brain injury (15).

In the present study, the length of ICU stay and the
mortality rate were similar between the two groups, but
the duration of mechanical ventilation was significantly
lower in the atorvastatin group. The shorter duration of
mechanical ventilation in the intervention group can be
attributed to the anti-inflammatory effects of atorvastatin,
which could reduce inflammatory factors such as CRP and
ESR, as well as the number of WBCs during the study pe-
riod. Besides, it was associated with reduced inflammation
in the body and, in particular, in the brain and could im-
prove the function of the alveoli and the patient’s breath-
ing by reducing the infiltration of neutrophils in the lungs,
which in total decline the period of mechanical ventila-
tion.

5.1. Limitation

The current study had limitations, including its small
sample size, being a single-center, and not considering
other inflammatory markers. Also, failure to evaluate the
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patients’ 3-month GOS is another important limitation of
the present study. The authors suggest performing a multi-
center study with a larger sample size, which contains pa-
tients’ GOS and other inflammatory factors.

In conclusion, this study demonstrated that adminis-
tration of Atorvastatin for TBI patients could reduce in-
flammatory factors over fourteen days, and despite not de-
creasing the ICU length of stay, it could improve GCS after
ICU discharge and reduced the time spent on mechanical
ventilation.
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