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Diffuse axonal injury (DAI) is one of the most important 
traumatic brain injuries leading to impairment of 

consciousness and late disability.1,2 Clinically, DAI can 
be defined as severely impaired neurological function 
in patients without gross parenchymal contusions, 
lacerations, or hematomas.3 In the acute phase, DAI can 
be diagnosed on CT as multiple punctuate hemorrhage, 
typically in deep or subcortical white matter, cerebral gray-
white matter interface, corpus callosum, basal ganglia, and 
the dorsolateral aspect of brainstem and cerebellum.4,5 

Traumatic brain injury disrupts brain calcium homeostasis, 
leading to an increase in intracellular Ca+2 via voltage 
sensitive channels and secondary ischemic damage.1 
How to reduce Ca+2 overloads and abate secondary brain 
damage are vital factors in the prevention of brain injury.2 
Nimodipine, which blocks L-type voltage sensitive Ca+2 
channels, has been shown to be protective in some models 
of cerebral ischemia. For traumatic and aneurysmal 
subarachnoid hemorrhage (SAH), nimodipine has become 
a standard treatment.1 It has been used in the treatment of 
head trauma, as it suppresses extra cellular calcium influx 
into cells and stimulates Ca+2 adenosine triphosphatase 
(ATPase) to increase Ca+2 efflux via calcium pumps, inhibits 
Ca+2 rise in smooth muscle cells in brain microvessels, and 
relieves spasm. Finally, it protects cerebral vessels from the 
spasm induced by agents such as noradrenaline, calmodulin, 
arachidonic acid, and endothelin.6,7 However, nimodipine 
acts on spastic vessels selectively and improves blood flow 
in ischemic areas. It has little effect on normal vessels, so 
there is no significant increase in intracranial blood volume. 
Therefore, it can prevent brain edema and further increase 
of intracranial pressure (ICP).7 The literature shows only 
a few studies assessing the effectiveness of nimodipine on 
DAI patients. Thus, the present investigation was designed 
to study hemodynamic changes in DAI patients and the 
effects of nimodipine on Doppler variable and the patient’s 
outcome.

Methods. This study is a prospective clinical trial and a 
double blind study that assesses the effects of nimodipine 
on hemodynamic changes of cerebral vessels and the 
short time prognosis in DAI patients. This study was 
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Objectives: To evaluate the effects of nimodipine 
on hemodynamic state, vasospasm, and short time 
prognosis of diffuse axonal injury (DAI) patients.

Methods: In a prospective, clinical trial double 
blind study, 40 DAI patients with Glasgow coma 
scale of 5-8 were selected and randomly divided into 
2 equal groups. The first group was treated with 60 
mg of nimodipine every 4 hours immediately after 
admission, and the control group did not receive 
this treatment. Mean blood flow velocity (MFV) 
and pulsatility index of both middle cerebral arteries 
were measured using transcranial Doppler on the 1st, 
3rd, and 10th days of admission. Glasgow outcome 
scale was evaluated one month after admission. This 
study was performed from June 2003 to June 2004 
at Imam Medical Center, Tabriz, Iran.

Results: There were significant differences in 
MFV among the 3 transcranial Doppler, which 
demonstrated hemodynamic changes in these 
patients. Nimodipine did not have any significant 
difference on MFV between the treatment and 
control groups. In the nimodipine group, 45% had 
good prognosis (30% in the control group) and 
nobody had vasospasm on the 10th day Doppler 
study (15% in the control group), although it 
did not show any statistical significant difference 
between them. 

Conclusion: Nimodipine improved the prognosis 
and decreased vasospasm, however, there was no 
statistical difference. Therefore, we suggest further 
studies in a larger number of DAI patients.  
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performed from June 2003 to June 2004 in the trauma 
ward of Imam Khomeini Medical Center of Tabriz 
University of Medical Sciences, Tabriz, Iran. The study 
was approved by the local research ethics committee. 
Patients of both genders, aged above 12, with Glasgow 
coma score (GCS) score of 5-8, with brain CT findings 
of DAI (multiple punctuate hemorrhage in deep or 
subcortical white matter, cerebral gray-white matter 
interface, corpus callosum, basal ganglia, dorsolateral 
aspect of brainstem and cerebellum) within the first 
12 hours of head trauma were enrolled. In this study, 
exclusion criteria were as follows: a) Patients with GCS 
score less than 5 or more than 8, b) Patients requiring a 
neurosurgical procedure during their treatment course 
(such as the delayed intra cranial hematoma), c) Patients 
with a traumatic SAH on early brain CT, d) Patients 
with major trauma in other organs, e) Patients who had 
poor temporal window to perform transcranial Doppler 
(TCD), f ) Patients with arrhythmia due to difficulty in 
TCD parameter interpretation. In all patients, after 
intubation in the emergency unit, the brain CT scan 
was performed immediately. The patients were admitted 
to the neurosurgery intensive care unit (ICU) ward and 
received the same management. Forty patients were 
included in this trial, randomized in 2 equal groups. 
The first group underwent treatment with nimodipine 
60 mg every 4 hours via gavage in the first 12 hours of 
their admission. The control group did not receive this 
treatment. Both groups were matched for age, gender, 
and GCS. All patients underwent bedside TCD studies 
on days one, 3, and 10 of their admission. Doppler 
studies were carried out using a TCD machine (D-3000 
model, Medelink, France) by 2-MHZ transducer and 
standard protocol.8 Peak systolic velocity (PSV), end 
diastolic velocity (EDV), mean flow velocity (MFV), 
and the pulsatility index (PI) of both middle cerebral 
arteries (MCA) was recorded. The MFV was calculated 
by 2×EDV+PSV/3 and PI by PSV-EDV/MFV.9 Normal 
MFV in MCA is 62±12 cm/sec.9,10 We considered MFV 
>100 cm/sec in MCA as vasospasm.11 The PI normal 
value was 0.7±0.3.9 The person performing TCD was 
constant to minimize the bias, and blind to the treatment 
coding. The physician who evaluated the patients’ 
clinical status was blind to the patients’ subgroup and 
TCD results. One month later, the patients’ states were 
assessed with Glasgow outcome scale (GOS) system. The 
GOS score was considered as poor prognosis if GOS 
score were one (death), 2 (persistent vegetative state) or 
3 (severe disability), and good prognosis if GOS score 
were 4 (moderate disability) or 5 (good recovery).1,12 

The comparison of qualitative variables of the 2 
groups was analyzed by Chi-square test. To compare 
Doppler variables and the effects of treatment on them, 
we utilized repeated ANOVA. All data were expressed 

as mean ± SD. The level of significance was set at p-
value <0.05. The data were analyzed by SPSS statistical 
software.

Results. The study population consisted of 40 
patients (32 males and 8 females) with age range of 
12-70 years (28.25±14.08). The treatment group 
included 20 patients (16 male, 4 female) with a mean 
age of 26.90±12.88 and GCS of 7±1. The control group 
is composed of 17 male and 3 female patients, with a 
mean age of 29.60±15.38 and GCS of 7±1. There were 
no significant differences between both groups for age, 
gender, and GCS. The most common cause of DAI was 
traffic accidents (80%).

Hemodynamic changes in MCA. The statistical 
analysis of data revealed a significant difference in MFV 
values of the 3 TCD (p-value= 0.010 in right MCA and 
0.003 in left MCA), which represents hemodynamic 
changes in cerebral vessels in patients with DAI. 
However, no significant difference in PI of MCA was 
detected. Nimodipine could not create a significant 
change of MFV and PI between the treatment and 
control groups (Tables 1 & 2). 

Cerebral vasospasm. The first TCD demonstrated 5% 
vasospasm in the treatment group, and 25% vasospasm 
in the control group. The second TCD showed 5% in 
the treatment group and 15% in the control group, 
and the third TCD revealed 0% in the treatment group 
and 15% vasospasm in the control group. However, 

Table 1 - Changes in mean flow velocity (cm/s) in nimodipine and 
control groups between the 3 Doppler studies.

Middle cerebral 
artery (MCA)

First 
TCD

Second 
TCD

Third 
TCD

P-values

Right MCA
  Nimodipine
  Control

Left MCA
  Nimodipine
  Control

63
78

71
70

69
73

78
94

56
62

61
60

0.241

0.907

TCD - transcranial Doppler

Table 2 - Changes in pulsatility index in nimodipine  and control groups 
between the 3 Doppler studies.

Middle cerebral 
artery (MCA)

First 
TCD

Second 
TCD

Third 
TCD

P-values

Right MCA
  Nimodipine
  Control

Left MCA
  Nimodipine
  Control

0.80
0.77

0.82
0.78

0.86
0.86

0.83
0.86

0.97
0.74

0.94
0.75

0.183

0.304

TCD - transcranial Doppler
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nimodipine could not establish a significant difference 
between them.

Outcome. For evaluating prognosis, and its 
relationship with nimodipine consumption, the clinical 
status of the patients was assessed with the GOS system. 
In the control group, 14 patients (70%) had poor 
prognosis, and 6 patients (30%) had good prognosis. 
However, in the nimodipine group, there was poor 
prognosis in 11 patients (55%), and good prognosis 
in 9 patients (45%). However, there was no significant 
difference between them (p=0.257). In patients with 
good and poor prognosis, hemodynamic variables in 
MCA were compared and no significant differences 
were found.

Discussion.  Diffuse axonal injury is considered the 
main cause of morbidity and mortality in head injury.2 
Posttraumatic elevation of intracellular free calcium 
may aggravate an injury of the cellular membrane,7 
and one of the most rewarding therapeutic options is 
the blockage of calcium channels. It can inhibit the 
post-traumatic influx of calcium ions, which activate 
the biochemical process resulting in secondary axotomy 
between 12 to 24 hours after the initial impact. Calcium 
entry into cells is a final common pathway in the death 
of nerve cells.1 It has been reported that the increased 
endothelin following head injury constricts cerebral 
vessels. According to some studies, the production of 
endothelin is calcium dependent.6 In rabbits treated 
with nimodipine, less cellular damage and less spasm 
of the MCA were reported.7 Nimodipine decreases 
neurological morbidity, improves the outcome, and 
is a safe drug.13,14 Disturbed cerebral autoregulation 
following head trauma has been shown to correlate 
with an unfavorable outcome. Cerebral autoregulation 
is significantly impaired during the first 2 days after 
head injury in patients with detrimental outcome; 
therefore, it should be managed intensively soon after 
admission.13

The hemodynamic effects of nimodipine treatment 
can be monitored with serial TCD investigations.15 
Arterial vasospasm and delayed ischemic deficit are 
considered important sequels of head trauma with 
unfavorable effects on outcome.10,16 In the literature, we 
found only one study on the effects of nimodipine on 
DAI patients. According to this study, which assessed 
89 patients with DAI, nimodipine treated patients had 
shown favorable outcome 3 months after head injury. 
However, nimodipine could not create a significant 
difference between the 2 groups.1 

According to our results, despite the significant 
difference in MFV of MCAs, therapeutic interventions 
with nimodipine could not establish a statistically 
significant difference between the 2 groups. Vasospasm 

was 0% in the third Doppler of nimodipine receiving 
patients, and they had a better prognosis in comparison 
with the control group. Among the Doppler variables, 
PI and MFV of MCA are the most important. Normal 
PI values in this study represent normal ICP values 
in the DAI patients, mentioned in other studies.17 

Simultaneous ICP monitoring is needed to confirm 
this finding. Although nimodipine did not induce 
significant change in MFV, it as a neuroprotective agent 
that may help the improvement of DAI patients.14

In conclusion, although nimodipine tends to give a 
better prognosis and reduced vasospasm, it cannot create 
a significant statistical difference. We think that one of 
the most important goals in clinical management of 
DAI is the prevention of ischemic brain damage due to a 
higher incidence of cerebral vasospasm in these patients. 
This study had limitations in the number of patients, 
TCD study (only 3 times), and the follow up period 
(only one month). It seems that, further controlled 
study involving a larger number of DAI patients with 
more TCD study (preferably monitoring) and long 
term follow up are necessary for further evaluation.

References

  1. Feng D, Ma Y, Zhang Y, Plets C, Goffin J, Chen J. Controlled 
study of nimodipine in treatment of patients with diffuse axonal 
injury. Chin J Traumatol 2000; 3: 85-88.

  2. Jing S, Ju Y, He Y, He M, Mao B. Clinical features of diffuse 
axonal injury. Chin J Traumatol 2001; 4: 204-207.

  3. Zwieneberge-Lee M, Muizelaar JP. Clinical pathophysiology of 
traumatic brain injury. In: Youmans JR, editor. Neurological 
surgery. Philadelphia (PA): WB Saunders; 2004. p. 5039-
5064.

  4. Parizel PM, Ozsarlak, Van Goethen JW. Imaging findings in 
diffuse axonal injury after closed head trauma. Eur Radiol 
1998; 8: 960-965.

  5. Evans RW, Wilberger JE. Traumatic disorders. In: Goetz 
CG, Pappert EJ, editors. Textbook of Clinical Neurology. 
Philadelphia (PA): WB Saunders; 1999. p. 1037.

  6. Shen G, Zhoo Y, Xo M, Liu B, Xu Y. Effects of nimodipine 
on changes of endothelin after head injury in rabbits. Chin J 
Traumatol 2001; 4: 172-174. 

  7. Yang SY, Wang ZG. Therapeutic effect of nimodipine on 
experimental brain injury. Chin J Traumatol 2003; 6: 326-
331. 

  8. Santalucia P,  Feldmann E. The basic transcranial Doppler 
examination, Technique and anatomy. In: Babikian VL, 
Wechsler LR, editors. Transcranial Doppler ultrasonography. 
Woburn (MA): Butterworth-Heineman; 1999. p. 3-31.

  9. Bellner J, Romner B, Reinstrup P, Kristiansson KA, Ryding E, 
Brandt L. Transcranial Doppler sonography pulsatility index 
(PI) reflects intracranial pressure (ICP). Surg Neurol 2004; 62: 
45-51. 

10. Mandera M, Larysz D, Wojtacha M. Change in cerebral 
hemodynamics assessed by transcranial Doppler ultrasonography 
in children after head injury. Childs Nerv Syst 2002; 18: 124-
128.



288

Effects of nimodipine on DAI patients … Farhoudi et al

Neurosciences 2007; Vol. 12 (4)

11. Sloan MA, Wozniak MA, Macko RF. Monitoring of vasospasm 
after subarachnoid hemorrhage. In: Babikian VL, Wechsler LR, 
editors. Transcranial Doppler Ultrasonography. Woburn (MA): 
Butterworth–Heinmann, 1999. p. 109-127. 

12. Robertson C. Critical care management of traumatic 
brain injury. In: Youmans JR, editor. Neurological surgery. 
Philadelphia (PA); WB Saunders; 2004. p. 5103-5144.

13. Czosnyka M, Smielewski P, Kirkpatrick P, Menon DK, Pickard 
JD. Monitoring of cerebral autoregulation in head-injured 
patients. Stroke 1996; 27: 1829-1834.

14. Yang JQ, Zhou QX. Protective effect of nimodipine against 
cerebral injury induced by subacute carbon monoxide 
intoxication in mice. Acta Pharmacol Sin 2001; 22: 423-427.

15. Zygmunt SC, Delgado-Zygmunt TJ. The hemodynamic effect 
of transcranial Doppler-guided high-dose nimodipine treatment 
in established vasospasm after subarachnoid haemorrhage. Acta 
Neurochir (Wien) 1995; 135: 179-185.

16. Weber M, Grolimund P, Senler RW. Evaluation of posttraumatic 
cerebral blood flow velocities by transcranial Doppler 
ultrasonography. Neurosurgery 1990; 27: 106-112. 

17. Lee TT, Galarza M, Villanueva PA. Diffuse axonal injury (DAI) 
is not associated with elevated intracranial pressure (ICP). Acta 
Neurochir (Wien) 1998; 140: 41-46.

Authorship entitlement

Excerpts from the Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals updated November 2003. 

Available from www.icmje.org

 The international Committee of Medical Journal Editors has recommended the 
following criteria for authorship; these criteria are still appropriate for those journals 
that distinguish authors from other contributors.
 Authorship credit should be based on 1) substantial contributions to conception 
and design, or acquisition of data, or analysis and interpretation of data; 2) intellectual 
content; and 3) final approval of the version to be published.  Authors should meet 
conditions 1, 2, and 3.
 Acquisition of funding, collection of data, or general supervision of the research 
group, alone, does not justify authorship.
 An author should be prepared to explain the order in which authors are listed.


