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Abstract- Computed tomography (CT) is now the primary diagnostic method for head trauma because of its 

ability to demonstrate the nature, extent, sites, and multiplicity of brain injuries. Although there have been 
numerous reports on the CT findings of most types of intracranial injury, the findings in brainstem injury 
have not been well described. This study aimed at comparing the autopsy findings of brainstem in head trau-
ma in comparison with CT scan results. Two hundred patients with head trauma, who expired after a period 
of time of hospitalization, were assessed in a diagnostic value study. Brain stem involvement was determined 
by autopsy as well as CT scanning of the brain during their hospitalization. The results of the two methods 
were compared with each other, emphasizing on the type and location of probable lesions in the brain stem. 
Considering the autopsy as the method of the choice, sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) of CT scan in brain stem lesions of patients with head trauma were cal-
culated. The effect of primary cause of head trauma, survival time and Glasgow Coma Scale (GCS) were eva-
luated, as well. Brain stem lesions were detected in 39 (19.5%) patients in autopsy. However, CT scan re-
vealed brain stem lesions in 23(11.5%) cases. The sensitivity, specificity, PPV and NPV of CT scan was 
59%, 100%, 100% and 91% respectively. The most common lesions of the brain stem region were as contu-
sion of pons (8.5%), medulla (5%) and midbrain (4.5%). There were 6 (3%) cases of ponto-medullary junc-
tion tearing and 1 (0.5%) case of cervico-medullary junction tearing. CT scan is a specific method of evaluat-
ing patients with probable brain stem injuries after head trauma, but low sensitivity limits its efficacy. Our re-
sults are in conformity with the reports in the literature. 
© 2009 Tehran University of Medical Sciences. All rights reserved. 
Acta Medica Iranica 2009; 47(5): 409-414. 
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Introduction 
 
Today, alongside with cardiac diseases and cancer, 
trauma is one of the leading causes of mortality in the 
societies, and ranks first as the cause of  mortality in 
patients under 30 year old in our society. In head trau-
mas especially in server forms, brain contusion is one of 
the intracranial lesions which occur due to the extravasa-
tion of blood and inflammation of the involved area. 
Intermediary contusions are solitary or multiple lesions 
which can be found in the deepest structures of the brain 
such as corpus calusum, basal ganglions, hypothalamus 
and brain stem (1-7). Contusion or laceration may cause 
focal neurologic deficit according to the affected area. 
The underlying mechanism of contusion is due to trans-
lational acceleration and contact force (8,26,27). The 

diagnosis of brain stem injury on computed tomography 
(CT) scanning is based on direct and indirect documents. 
CT scanning beside neurological examination is an ap-
propriate method to define the site and the extent of 
brain stem injury. Regarding that CT Scan is not per se 
sufficient to detect the lesions of posterior fossa and 
when there is no satisfying reason for the death of trau-
matic patients, contusion of brain stem is regarded as a 
probable diagnosis and regarding that there is no precise 
statistics about the comparison of the prevalence of 
brain stem contusion in autopsy with CT scan finding in 
patients died due to head trauma in reference books  
(9-11).  
The main goal of this study is analysis of autopsy find-
ings of brain trauma and comparing them with CT scan 
findings in same cases.  
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Suggesting better imaging techniques to detect these 
lesions and better understanding of the relationship be-
tween these lesions and the primary condition of the 
patients can be helpful in deciding how to treat these 
patients (1,21-25).  

 
Patients and Methods 
 
We studied 200 patients died with Brain trauma. The 
mean age of the patients was 39.1 ± 21.2 years. Regard-
ing gender, 165 out of 200 patients were male and the 
rest 35 of them were female. A multi slice-Balance CT 
scan made by Siemens Company of Germany was used 
in this study. Brain CT scanning was performed without 
contrast with standard 10mm cuts for supra tentorium 
parts and 5mm cuts for infratentorial parts (posterior 
fossa). We also took control CT-scan regarding clinical 
courses and in case of clinical status change. The posi-
tive findings of CT scan included contusion and focal 
hemorrhage.  
 
Autopsy method  

Coronial skin cuts were made on parietal region and 
the doom of calvarias was separated with an axial cut. 
The whole brain was taken out from calvarium and the 
brain stem was analyzed. The brain stem was cut in 
eight levels according to anatomical standards: two cuts 
in midbrain (superior and inferior calculus), two cuts in 
Pons (trigeminal complex and facial calculus), and four 
cuts in medulla (in superior end pontomedullary Junc-
tion), in inferior end of fourth vertical and superior to 
pyramidal levels and inferior end (cervicomedullary 
junction). 

In order not to miss the lesions and ruptured areas we 
made a sagital cut, so that all possible lesions at brain 
stem were demonstrates.  

Primarily all admitted patients with head trauma in 
the head trauma ward of Tabriz Imam Khomeini hospi-
tal underwent CT-Scan imaging and then those who died 
with head trauma underwent brain stem autopsy in au-
topsy hall of Forensic Medicine Center of Tabriz, city of 
Iran, during 16 month from November of 2005 to June 

of 2007. To prevent biases the report of CT-Scan was 
reported by attending professor, and autopsies were per-
formed under supervision of forensic medicine special-
ist.  

The results were finally compared regarding the le-
sions of brain stem in autopsy and CT-Scan.    

Below are our key assumptions to design this study:   
1- The prevalence of brain stem injuries according 

to CT-Scan of patients who died with head trauma is 
different with its prevalence which is based on autopsy 
findings. 

2- The prevalence of brain stem injuries in different 
parts of brain stem are different. 

3- There is no relationship between autopsy findings 
of brain stem and the primary consciousness level and 
clinical course of patients.  
 
Ethical issues 

According to ethical committee of Tehran University 
of Medical Sciences protocols for all patients being dis-
sected we took consent from first degree relatives after 
the explanation of the methods and the goals of the 
study. 

 
Statistical analysis 
Data are presented as mean ± SD,  prevalence and per-
centage. SPSS software program version 13 (Chicago, 
IL, USA) was used for data analysis.  
The quantitative variables were compared using student 
t-test or one-way analysis of variances (ANOVA). 

The quantitative variables were compared by contin-
gency tables and using chi-square test or Fisher’s exact 
test according to the conditions. For all contents of the 
study P≤0.05 was considered significant. 
 
Results 

 
Seventy-six patients were motorbike riders, 51 were 
automobile drivers or accompanying people, 34 were 
pedestrians, 28 got head trauma due to falling from high 
altitude, 7 were bike riders and 4 were attacked on head 
while struggling (Figure 1) 
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Figure 1. Prevalence of cause o f head trauma in group under study 
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Figure 2. Prevalence of Intracranial lesions 
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Figure 3. Percentage of Brainstem injury founded in Autopsy 

 
Sixty-four patients had intracerebral hemorrhage or 

contusion, 55 had subdural hematoma, 15 had intracra-
nial hemorrhage with subdural hemorrhage, and 5 had 
epidural hematoma. We couldn’t make a diagnosis in 61 
patients (Figure 2). 

Brain stem injury was found in autopsy at 39 patients 
and we didn’t find any injury in 161 patients  
(Figure 3). 

Type of brain stem injuries: 17 patients had pontin 
contusion, 10 had medullary contusion, 9 had midbrain 
contusion, 6 had ponto medullary junction tearing and 1 
of them had cervicomedullary junction tearing (Figure 
4). In 33 (89.7%) patients we found solitary lesion of the 
brain stem and in 4 (%10.3) we found two lesions of 
brain stem. 

We found positive CT reports of brain stem in 23 pa-
tients (Figure 5). Regarding the severity of primary 
trauma, 3 (1.5%) patents had mild head trauma, 28 
(%14) had moderate and 169 (89.5%) had server trauma. 

Regarding the accordance of CT finding with au-
topsy findings, In 184 cases, complete accordance were 
found between these two methods. However, there was 
no accordance at the rest of the cases (16) (8%).  

The results indicate that the prevalence of brain stem 
injuries in CT-Scan of patients who died with head 
trauma is different compared to that of autopsy findings. 
As shown in figures 3, 4 and 5, autopsy in comparing   
with CT-Scan has stronger diagnostic potency and com-
parison of two methods with chi-square test shows that 
there is meaningful difference among these two methods 

 

0
1
2
3
4
5
6
7
8
9

Pons contusion Medulla
contusion

Midbrain
contusion

Rupture of
cervicomedulary

junction

Rupture of
pontomedulary

junction

%

 
Figure 4. Prevalence of types of Brainstem injury in Autopsy 
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Figure 5. Percentage of CT scan finding in cases 

 
 

Table 1. Count of true positive and negative and false  

positive and negative in CT scan 

 Positive Negative 

True 161 23 

False 16 0 

 
 

in diagnosis of brain stem lesions  and so first hypothe-
sis of study is confirming. More details about CT-Scan 
true positive and negative and false positive and nega-
tive findings are shown in table 1. 
According to our results, sensitivity of diagnosis of brain 
stem lesions was % 59 (%95 CI, 0.42- 0.74). Specificity 
of diagnosis of brain stem lesions was %100. Positive 
reporting value of diagnosis of brain stem lesions was 
%100 and negative reporting value of diagnosis of brain 
stem lesions was %91 (%95 CI, %58- %94). 

Regarding the second hypothesis of this study that 
prevalence of brain stem injuries in different parts of 
Brain stem is different, our results are as follows: preva-
lence of brain stem lesions are obviously different in 
various areas of brain stem (17 pontine lesions versus 1 
cases of cervicomedullary junction) which confirms the 
hypothesis.  

The mean GCS of the patients with and without 
brain stem injury (Autopsy findings) was 4.1±2.7 and 
5.9±2.5 on admission, respectively. Mean GCS of pa-
tients with brain stem injury on admission was signifi-
cantly less than the other patients (P < 0.001). 

The mean GCS of patients with solitary and multiple 
injuries were 4.3±2.8 and 3.0 on admission, respec-
tively. There was no significant relationship between 
GCS of these two groups of patients. (%95CI, 1.7 to 4.2, 
p= 0.379). The mean GCS of patients with concordant 
CT and autopsy finding was 5.6±2.6 and for patients 
with difference findings on CT and autopsy the mean 

GCS was 4.4±2.8. There was no meaningful statistical 
relationship between these two groups. 
 
Discussion 
 
In this study autopsy findings of the brainstem of pa-
tients died with head trauma was assessed and compared 
with premorbid CT findings. 

In 39 out of 200 patients, autopsy findings showed 
brainstem injury. In premorbid CT finding there was 23 
(%11.5) cases of brain stem injury. Considering these 
statistics the sensitivity and the specificity of CT at di-
agnosis of brainstem lesions compared to autopsy is 
%59 and %100, respectively.  

To the best of our knowledge, this is the first study to 
compare the results of CT and autopsy findings. The 
results show that the sensitivity of CT at diagnosis of 
brainstem lesions is low. 

In one study by Tsai and collogues on 67 patients 
with brainstem injury, CT demonstrated brain stem in-
jury in 12 (%17.9) of patients. 

In another similar study Hashimoto and his collogues 
showed that CT could demonstrate brainstem lesion in 
21 (%8.7) out of 239 patient with head trauma (14). In 
these studies and some other studies, the results of the 
involvement of brainstem in head trauma patients are 
different in which a variety of factors can cause these 
differences. 

In our study there was no statistically significant re-
lationship between patients with accompanying in-
tracerebral lesions and the patients without such lesions 
(P= 0.847). 

Eder and his collogues in a study on 21 patients with 
head trauma found similar results to our study. However 
in order to assess the effects of this factor, further stud-
ies are needed. 

Because in our study there were a limited number of 
patients without accompany intracerebral injuries com-
pared to the total number of patients, this may become 
difficult to interpret from these results. 

We also found that there is no meaningful statistical 
relationship between the type of primary head trauma 
and the prevalence rate of brainstem injury (P= 0.343). 

In other studies (17,19,24) it has been demonstrated 
that the type of primary accident leading to trauma is 
involved in brainstem injury due to the difference in 
seventy and mechanism of the trauma. One of the rea-
sons that there was no significant relation to abovemen-
tioned factor may be the fact that all patients in our 
study had severe head trauma that led to their death. We 
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need more controlled studies to assess the mechanism of 
primary trauma.  

Difference in consciousness level (GCS) of patients 
with and without brainstem injury can cause difference 
at results of the studies regarding the prevalence of such 
lesions. In our study the primary GCS of patients with 
brainstem injury is significantly less than other patients 
(P< 0.001). 

In our study there was a significant relationship be-
tween the clinical course of patients with brainstem in-
jury and patients without such injuries, and the mean 
survival duration of the patients with brainstem injury 
was meaningfully less than the other patients.  

In our study we did not find meaningful relationship 
between the number of brainstem lesions and the prog-
nosis of the patients (P= 0.442) but other studies by Ha-
shimoto and his colleagues (1993) showed the worse 
prognosis of patient with multiple brainstem injures.  

The type of brainstem injuries in order of prevalence 
were: contusion of pons, medullary contusion, contusion 
of midbrain, pontomedullary, rupture, cervicomedullary 
rupture. In a study by Gunji and colleagues the most 
involved site was medulla. In that study the common 
reported lesions respectively were pontomedullary tear-
ing, medullary contusion, and cervicomedullary tearing 
(9). In the study of Ohshima (1998) the most involved 
site was pontomedullary junction (20). In a study by 
Kondo et al. (1995) similar findings were reported (28). 
In a study by Simpson et al (1989) the most involved 
site was Pontomedullary lesions (21). The causes of dif-
ference in involvement sites seem to be the difference in 
dominant mechanism of primary lesions: in all studies 
traffic accident was the main cause. In conclusion, in 
this study the injuries of brainstem were demonstrated in 
19.5% of patients. On the other hand, 11.5% of patients 
had brainstem injury on CTscan. 

Sensitivity, specificity, positive reporting value and 
negative reporting value of CT scanning at diagnosis of 
brainstem injuries in head trauma patients are 59%, 
100%, 100%, and 91%, respectively. 

GCS of patients with brainstem injury on admission 
was meaningfully less than the patients without brain-
stem injuries.  

Survival duration of patients with brainstem injury 
was significantly less than other patients. There was no 
statistically significant relationship between the mecha-
nisms of the injury in these patients.  

Although our study is unique in its type, more stud-
ies with bigger population are needed to get more confi-
dent results.  

The present study suggests that although the sensitiv-
ity of CT is low at diagnosis of brainstem lesions, but its 
high specificity, availability and cost effectiveness com-
pared to other imaging techniques like as MRI, makes it 
a recommended imaging method of primary assessment.  

In Iran, one of the main reasons of the lack of organ 
donation is that the families of dead person are not in-
formed properly and on time. It will be more important 
knowing that "the best donors are young people, and the 
most often cases of brain death are in this group, based 
on statistics". In order to short survival and hospitaliza-
tion period in case of brain stem damages, it seems logi-
cal to pay enough attention for keeping useful function 
of the organs for donation (for example, cornea, kidney, 
liver and etc.). And in the case of decreased level of 
GCS, with radiographic signs of brain stem damage, we 
should consult with the patient's family to take consent 
for organ donation in the proper time. 

Because the CT scan is not so reliable in the case of 
brainstem damages, MRI may be more helpful (e.g. the 
Rapid Sequence type to reduce the time of procedure). 

As an important limitation of this research it should 
be considered that all of the cases were the dead patients 
and though the finding should be carefully used in live 
patients (CT scan and Autopsy results).  
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