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ABSTRACT
Background: Traumatic brain injury (TBI) is a quite common health problem. A lot of delayed 
complications are related to inflammatory responses that occurred within the brain itself. 
Atorvastatin is related to lipid lowering drugs carrying some anti-inflammatory properties 
and upon this fact this study hypothesis was built.
Methods: Twenty adult patients with TBI, Glasgow coma scale (GCS) 9–11. Patients were equally 
and randomly allocated into two groups (group C as control group and group S received 
atorvastatin 40 mg once daily for 48 h). After 48 h, participants have undergone magnetic reso-
nance imaging brain spectroscopy examination (MRS). The spectral peaks of N-Acetyl aspartate 
(NAA), Choline, and Creatinine (Cr) were assessed in brain tissue. The primary outcome was 
presented as ratios of NAA/Cr), Cho/Cr, and NAA/Cho. Other outcomes included GCS and ICU stay.
Results: There were insignificant variations between groups were found in the MRS results for 
metabolite alterations (NAA, Cr, and Cho). Contrasted with the control group, the statin group’s 
Cho/Cr ratio was significantly lower (P = 0.005), and NAA/Cho was significantly greater in the 
statin group than control group (P = 0.022). Statin group showed higher GCS the 1st day (P =  
0.01), and lesser ICU stay (P = 0.04)
Conclusion: Atorvastatin can be used safely in mild-to-moderate TBI patients with a favourable 
outcome in the form of decreased Cho/Cr ratio and increased NAA/Cho ratio, higher GCS, and 
decreased ICU length of stay.
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1. Introduction

Traumatic brain injury (TBI) is a very common financial 
health problem. After the ending of the acute care 
period, a large number of TBI patients are left with 
cognitive, motor, or emotional dysfunction from the 
injury [1]. Management of TBI is usually supportive, 
aiming to treat reduced intracranial hypertension and 
cerebral edema by using temporizing measures, by 
giving of hyperventilation, osmotic agents, and some-
times ventricular drainage [2]

Low-density lipoprotein and cholesterol levels 
usually decrease by taking statins, which are 
3-hydroxy-3-methylglutaryl-coenzyme A (HMG CoA) 
reductase inhibitors. Statins have neuroprotective 
good results on ischemic stroke through its lipid- 
lowering medications [3]. Statins contain endothelial 
and vasoactive endothelial effects, and anti- 
inflammatory, antioxidant, anti-excitotoxicity, and anti- 
thrombotic activities. They also have a positive 

influence on different pathways of acute and second-
ary brain injury. Also, statins are widely available, 
approved by FDA, have low side effects, and are safe 
in populations with properly severe illnesses, statin 
medication would be feasible to be used in patients 
with TBI [3–5].

To evaluate the degree of TBI, brain micro dialysis, 
positron emission tomography, arterio-venous differ-
ence, assessment of metabolites and/or magnetic reso-
nance spectroscopy (MRS) can be utilized. MRS is 
considered a non-invasive tool with no use of radiation 
allowing measurement of some brain metabolites not 
detectable by other modalities in different brain 
regions both in the extra and intracellular regions 
[6,7]. Because of this, MRS in TBI may be employed to 
determine which patients will benefit from certain 
neuropsychiatric and cognitive rehabilitation.

This work is aimed to assess the difference between 
using and not using atorvastatin for the first 48 h after 
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traumatic brain injury (TBI). Neurochemical outcomes 
are measured by using MRI brain spectroscopy as 
a primary outcome. Secondary outcomes included 
inflammatory mediators, ICU stay, and conscious level 
changes.

2. Patients and methods

It is a prospective, double-blind, randomized clinical 
study conducted from March 2021 to April 2022 in 
Trauma ICU and General ICU of Assiut University 
Hospitals. It was carried on adult patients with TBI 
after taking approval from the Local Research Ethics 
Committee, Faculty of Medicine, Assiut University, 
Assuit, Egypt, under (IRB-17200583) and after registra-
tion on clinicaltrials.gov (NCT04718155).

It involved 20 adults with TBI, Glasgow coma scale 
9–11. Patients with pre-trauma lipid lowering therapy 
during the last 3 months, pre-trauma immunosuppres-
sive, anti-inflammatory, antipsychotic medications, or 
uncontrolled systemic disease(s) e.g., uncontrolled car-
diac problems, diabetes mellitus, severe hepatic or 
renal impairment were excluded from the study.

Patients were equally and randomly allocated into 
two groups through a web-based randomizer (group : 
control group and group S: statin group) after obtain-
ing written informed consent from the patient’s legal 
guardians. The grouping was hidden from the patients, 
their family members, and the doctor who collected 
the data.

2.1. Grouping

Group S received atorvastatin 40 mg once daily for 48  
h and Group C was the control one and received con-
ventional therapy only.

The participants were admitted to the trauma inten-
sive care unit and received conventional institutional 
treatment. Patients who developed seizures on admis-
sion or with moderated TBI have received levetirace-
tam 500 mg/12 hr. Arterial oxygen saturation was kept  
>95% with simple oxygen mask (6 L/min) if needed 
and mean arterial blood >70 mm Hg to obtain sus-
pected cerebral perfusion pressure 60–70 mm Hg. 
Analgesia was attained by intravenous paracetamol 1  
g/6 hr. Head elevation was kept during the whole per-
iod of ICU admission (30°). Ondansetron antiemetic 
was administered in the dose of 4 mg/12 hr. Blood 
sugar was measured regularly every 6 h and kept 
between 110 and 180 mg/dl. After 48 h, all patients 
have undergone magnetic resonance imaging brain 
spectroscopy examination.

2.2. Anesthesia for preparation for MRS

Patients’ preparation was done by 6 h of fasting 
regarding semisolids and 2 h regarding clear fluids. 

Fentanyl 1 μg/kg then propofol 2 mg/kg were 
employed to induce general anesthesia. Participants 
were subjected to full basic monitoring including five 
leads ECG, oxygen saturation SPO2, noninvasive blood 
pressure, and end-tidal CO2. Cis-atracurium 0.3 mg/kg 
was administered to facilitate endotracheal intubation 
and 0.15 mg/kg of cis-atracurium on demand. Propofol 
IV 3–10 mg/kg/h was employed to maintain anesthe-
sia. Atropine 0.01 mg/kg and neostigmine 0.05 mg/kg 
were given to reverse the effects of muscular 
relaxation.

2.3. MRI brain spectroscopy technique

Imaging and spectroscopy were carried out utilizing 
a 1.5 Tesla superconducting magnet Philips Achieva 
(Best, The Netherlands) system utilizing standard clin-
ical head phased array coils. Axial DWI, axial FLAIR, axial 
FFE/GRE, and axial turbo spin echo T1 were utilized 
through the standard imaging technique after 
a multiplanar scout image was taken. A frontal or 
parietal lobe’s posterior portion, which primarily con-
tains white matter pathways but also contains some 
deep grey matter, was employed to gather proton 
spectra (basal ganglia). To prevent the hitting of any 
T1 or T2 abnormalities, the voxel was carefully placed. 
The spectroscopy hardware and software that were 
readily available on the market used to optimize the 
MRS procedures. The point-resolved spectroscopy 
pulse sequence (PRESS) was employed to conduct 
the single volume MRS with TR 2000 ms and TE 30 
(1.5T) or TE 144 ms. The VOI for each participant was 
15 × 15x15mm. Post-processing of spectra, the vendor 
application was employed to examine the spectral 
data [8–12].

2.4. Data collection

The spectral peaks of N-Acetyl aspartate (NAA), Choline 
(Cho), and Creatine (Cr) were integrated after being 
fitted to Gaussian line shapes. The outcomes were 
presented in the following metabolite ratios (primary 
outcome): N-acetyl aspartate/creatine (NAA/Cr), cho-
line/creatine (Cho/Cr), NAA/Cho.

2.5. Other outcomes

The other outcomes included patients’ demographic 
characters, C-reactive protein (CRP), C-reactive protein/ 
albumin ratio (CAB), Glasgow coma scale, Richmond 
agitation and sedation scale (RASS) and ICU stay.

2.6. Statistical analysis

Sample size calculation via utilizing G power sample 
size calculator. It was assumed that if our intervention 
can make a 20% change in the primary outcome (brain 
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metabolite) with an 80% power and alpha error of 0.05, 
accordingly, sample size was calculated to be 20 
patients. Kolmogorov–Smirnov test was employed to 
determine the data’s initial normality. Discrete vari-
ables are provided as frequencies and percentages or 
ratios, whereas all continuous variables are expressed 
as mean ± standard deviation. The categorical data 
were contrasted utilizing chi-square χ2 test. Analysis 
of continuous variables in the same group performed 
with Student's t-test. Comparisons between times in 
the same group executed utilizing paired t-test. When 
comparing nonparametric data, the Mann–Whitney 
test and the Wilcoxon test were utilized. It was deemed 
statistically significant if the P-value was <0.05. The 
statistical analysis was performed via IBM SPSS soft-
ware version 23.0 of Windows statistics.

3. Results

Twenty-eight patients were enrolled in the study; how-
ever, only 20 patients were included, and 8 patients 
were excluded, 7 were not fulfilling the inclusion cri-
teria, and one patient’s relatives declined to be 
included in the study. The included patients were 

randomly allocated to the two research groups at ran-
dom (Figure 1).

Patients in the study groups were comparable 
regarding demographic and clinical data with insig-
nificant variation between groups as noted in 
(Table 1).

Insignificant variations between groups were found 
in the MRS results for metabolite alterations (NAA, Cr, 
and Cho); however, contrasted with the control group, 
the statin group’s Cho/Cr ratio was significantly lower. 
Regarding the NAA/Cho ratio, it was significantly 
greater in the statin group than control group. The 
NAA/Cr ratio did not significantly differ between the 
groups (Table 2).

The conscious level was assessed by GCS and 
RASS, and there was significantly decreased RASS 
in the statin group in contrast to the control 
group during the 1st and 2nd days as shown in 
Table 3. Regarding the GCS, 1st day GCS was sig-
nificantly greater in the statin group in comparison 
to the control group.

Inflammatory and laboratory markers as demon-
strated on CRP, albumin and CAR showed insignificant 
differences between both studied groups as shown in 
Table 4.

Figure 1. Consort 2010 Flow Diagram
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Hemodynamics including MAP and HR showed 
insignificant variation between groups during the 
whole study period as demonstrated in Table 5.

4. Discussion

This study revealed that the early use of such a dose of 
atorvastatin in patients with moderate TBI has 

significantly decreased Cho/Cr ratio and increased 
NAA/Cho ratio, otherwise, no other changes were 
reflected upon brain MRS metabolites were noted.

The Cho/Cr ratio was significantly increased in the 
control group relative to the statin group, suggesting 
the effect of the therapy. An increase in Cho in patients 
after TBI and increased choline/creatine ratio in normal 
appearing white matter are addressed in multiple 

Table 1. Demographic and clinical data of the studied groups.

Variables
Group C 

n = 10
Group S 

n = 10 P-value

Gender 
male/female

10/0 7/3 .62

Weight Kg 86 ± 12.9 77.4 ± 14 .15
Height cm 169.6 ± 6.7 168 ± 6 .65
BMI 26 ± 3.7 23.5 .17
GIT complications 4 (40%) 2(20%) .62
ICU stay (days) 16.3 ± 7.5 10 ± 5.2 .04
CT brain findings
● Contusion
● Edema
● Subarachnoid hemorrhage
● Intraventricular hemorrhage

8 (80%) 
6 (60%) 
6 (60%) 
1 (10%)

8 (80%) 
8 (80%) 
3 (30%) 
1 (10%)

.79

Data are expressed as ratio, mean± standard deviation, and or number (percentage). P < 0.05 is considered statistically significant.

Table 2. Magnetic resonance spectroscopy (MRS) findings in the study 
groups.

Variables
Group C 

n = 10
Group S 

n = 10 P-value

Metabolites
Increased NAA 1 (10%) - 1
Decreased Cho 
Increased Cho

3 (30%) 
1(10%)

6 (60%) 
-

.3

Decreased Cr 
Increased Cr

7 (70%) 
-

6 (60%) 
1 (10%)

.58

Cho/Cr 1.75 ± .57 1.02 ± .37 .005
NAA/Cr 1.62 ± .09 1.65 ± .08 .836
NAA/Cho .83 ± .29 1.33 ± .52 .022

Data are expressed as number (percentage) or mean ± standard deviation. N-Acetyl 
aspartate (NAA), Choline (Cho) creatine (Cr). P < 0.05 is considered statistically significant.

Table 3. Conscious level of the studied groups.

Variables
Group C 

n = 10
Group S 

n = 10 P-value

GCS 0 12.5 [1] 12.5 [1] -
GCS 1 1.5 [4] 13 [2] .01
GCS 2 1.5 [5] 14 [1] .11
RASS 0 1 (0) −1 (0) .14
RASS 1 1 (0) −1 (0) .02
RASS 2 1 [2] −1 [1] .039

Data are expressed median (interquartile range). GCS Glasgow coma 
scale, RAAS Richmond agitation sedation scale. (0) on admission [1], 
1st day of ICU stay [2], 2nd day of ICU stay. P < 0.05 is considered 
statistically significant.

Table 4. Inflammatory

Variables
Group C 

n = 10
Group S 

n = 10 P-value

CRP 0 mg/L 23.80 ± 8.23 34 ± 1.7 .2
CRP 2 mg/l 27.40 ± 8.47 23.78 ± 14.6 .51
Albumin 0 g/L 31.50 ± .980 3.30 ± 1.476 .59
Albumin 2 g/L 29.50 ± .792 3.00 ± 1.5 .81
CAB 0 .7740 ± .09908 1.4750 ± .25 .007
CAB 2 1.035 ± .22* 1.1 ± .30* .85

Data are presented as mean ± standard deviation. C-reactive protein (CRP), C-reactive 
protein/albumin ratio (CAB). (0) on admission [2] 2nd day in the ICU. *Significant 
change from the base line.
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previous studies “Garnet et al. 2000”, “Wild et al. 1999”, 
“Stovell et al. 2017” [13–15]. Other alterations in brain 
metabolites following TBI and that were described in 
previous studies were not found to be of significant 
difference in the current study, and we assume that it 
could be due to the relatively small sample size.

Our findings are too close with Garnett et al. 2000 
[14], who found an increased choline/creatine ratio in 
proportion to the severity of injury in normal- 
appearing white matter during MRS studies of 26 
patients performed early point following injury (mean 
12 days) and at a later time point (mean 6.2 months). 
Also, our results are in line with the study done by 
Friedman et al. 1999 who had studied MRS of 14 
patients with TBI about one-month post trauma and 
found early increased choline/creatine ratio in gray 
matter was related to the severity of head trauma 
[16]. Wild et al. found no correlation when comparing 
nine MRS 2 weeks post-trauma of moderate head 
trauma patients to six healthy volunteers, this could 
be due to changes in creatine blunting the effect of 
any relative change [15]. Marino and coworkers 
detected an elevation of choline/total metabolites in 
10 patients and their findings were demonstrated 
within 48–72 h of moderately severe TBI, but this also 
did not correlate with presentation GCS or outcome up 
to 3 months [8].

We have found that NAA/Cho ratio has significantly 
increased in the statin group and this is in line with the 
study of Garnett et al. 2000 who found an early reduc-
tion in the NAA/Cho ratio that was significantly corre-
lated with the severity of TBI [14]. In contrast to our 
findings, Condon B et al. 1998 studied MRS on four 
patients with TBI and demonstrated a reduction in 
NAA/choline ratio compared to healthy controls dur-
ing 1ST 24-h post-trauma [9].

Another study of 10 patients with moderately 
severe TBI studied MRS 48–72 h after injury and 
found a reduction in NAA in MRS compared to healthy 
volunteers, which was correlated with injury severity 
(GCS at presentation) Marino S,2006 et al. [8]

As regards inflammatory markers (CRP, albumin, 
CAR) our results showed insignificant differences 
between both groups. This is in agreement with 
Aguilar et al. 2013 who reported statistically insignif-
icant anti-inflammatory markers during the 72 h of 
administration of 20 mg of rosuvastatin in 19 patients 
with moderate-to-severe TBI compared to 17 who 

received a placebo [10]. In contrast to our study, 
Naqib et al. 2016 reported a significant decrease in 
CRP level 48 h after administration of Simvastatin in 
TBI patients. We assume that our results are different 
from the Naqib study due to the sample size we have 
included small, additionally, the different dose and 
nature of statin used [11]; however, they did not report 
a significant difference concerning the Interleukin 6 
levels [11]. Moreover, Farhad Soltani et al. 2020 found 
that oral 40 mg atorvastatin in 30 patients with mod-
erate TBI significantly reduced the rate of inflammatory 
factors (CRP and ESR) on the 14th day of ICU admission 
compared to placebo which is not in line with the 
findings of the present study [12]. This discrepancy 
can be attributed to the short period of our study (48  
h) and sample size as well.

In the present study, a significant difference was 
observed concerning the length of ICU stay between 
the two groups. This result was in agreement with 
Soltani et al. 2020 noted that the length of ICU stay 
was significantly lower in the atorvastatin group [12]. 
On the other hand, Naqib trial investigating the effect 
of Simvastatin in TBI patients revealed no significant 
reduction in the length of intensive care unit stays in 
patients who were given statins [11].

We reported that post-TBI delirium-free status 
measured by RAAS was significantly higher in 
patients receiving atorvastatin in comparison to the 
control group. That results agree with Seyed Mojtaba 
et al. in 2019 who reported that the consumption of 
40 mg/day of atorvastatin in 40 general ICU patients 
significantly lowers the mean RASS score and 
increases delirium-free days at both morning and 
afternoon time points compared to the control 
group [17]. Page VJ et al. and Morandi A et al. in 
their cohort studies conducted in 2014 found also 
that statin therapy was accompanied by less delirium 
in ICU patients [18,19]. On the other hand, an obser-
vational cohort study revealed no significant reduc-
tion of delirium in patients who were given statins 
before coronary revascularization, Mariscalco G,2012 
et al. [20]. A meta-analysis that reviewed the results 
of six studies with high heterogeneity (two studies in 
ICU patients and four studies in cardiac surgery 
patients) indicated that statins had no effects on 
delirium status in critically ill and cardiac surgery 
patients. It was suggested that more studies are 
required to clarify the relationship between statin 

Table 5. Hemodynamics

Variables
Group C 
n = 10

Group S 
n = 10 P-value

MBP 0 mm Hg 69 ± 8.367 69.8 ± 8.4 .83
MBP 1 mm Hg 73.60 ± 9.240 69.4 ± 7.98 .29
MBP 2 mm Hg 73.50 ± 1.124 69.5 ± 5.5 .28
HR 0 beat/m 81.20 ± 17.498 73.7 ± 5.9 .21
HR 1 beat/m 78 ± 11.416 73.7 ± 5.5 .28
HR 2 beat/m 79.80 ± 11.989 75.2 ± 7.2 .31
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therapy, particularly concerning the type of statin 
and dosage, and delirium status, its mechanisms 
and outcomes in ICU patients, Vallabhajosyula S, 
2017 et al. [21]

Multiple studies mentioned that statins may 
improve delirium through effects on N-methyl- 
d-aspartate (NMDA)-mediated glutamate excitotoxi-
city [22,23] or endothelial function [24,25], which 
might have beneficial effects on neuronal function. 
In addition, it has been reported that in response to 
the statin therapy, cerebral blood flow was 
increased in the ischemic penumbra, and the beha-
vioral deficits were improved in the brain injury 
[26,27].

Another study of 10 patients with moderately 
severe TBI studied MRS 48–72 h after injury and 
found a reduction in NAA in MRS compared to healthy 
volunteers, which was correlated with injury severity 
(GCS at presentation) Marino S,2006 et al. [8]

Limitations of this study include its small sample 
size, short duration of therapy, and not considering 
other inflammatory markers.

5. Conclusion

Atorvastatin can be used safely in patients with TBI for 
48 h post-traumatic and resulting in a significantly 
decreased Cho/Cr ratio and increased NAA/Cho ratio, 
decreased ICU length of stay and reduced delirium.

MRS is a good noninvasive technique as 
a quantitative measurement tool for brain metabolites 
in patients with TBI.
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