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Abstract

Background: Missile-penetrating head injury is a challenging problem for treating physicians. In Iraq and during 2003–2007, there was a 
civil war, which led to multiple causalities after suicide bombings or other clashes with coalition forces. A brain computed tomography 
(BCT) scan is considered as an initial diagnostic test to evaluate the next management plan. The authors tried to find the relationship 
between BCT scan findings and patients’ outcomes. Objective: This study aimed to explore the relationship between BCT scan findings 
of patients with missile-penetrating head injury and their prognosis. Materials and Methods: This was a cohort retrospective clinical study 
performed in Karbala, Iraq in the period from January 2005 till January 2006. Seventy patients with missile-penetrating head injuries were 
admitted and evaluated in Al-Hussain General Hospital (affiliated with the University of Al-Ameed). All patients had BCT scans and their 
outcome was evaluated using a modified Glasgow Outcome Scale. Results: In this study, the mortality rate is 15.71%. BCT scan findings 
are correlated with patients’ outcomes, which revealed the injury of one lobe carries the best outcome, whereas those with more than two 
lobes or posterior fossa injury carry the worse prognosis. Moreover, intraventricular hemorrhage (IVH) showed the highest mortality rate, 
whereas tract hematoma alone seems to carry a good prognosis with the least mortality. Conclusion: BCT scan is essential in both diagnosis 
and prognosis of patients with missile-penetrating head injury. IVH and posterior fossa injury lead to the highest mortality rate.
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Introduction
Penetrating head injuries are reported in history since 
the Egyptian era when they treated them with wound 
greasing.[1,2] Missile wounds are the most common 
penetrating head injury in the civilian setting. Although 
they may be highly lethal and most of the patients need 
urgent neurosurgical care, the majority of them carry a 
good prognosis.[3,4] By definition, penetrating (or open) 
head injury means breaching of dura matter.[5-7] This can 
be caused by missiles (high-velocity projectiles) or objects 
of lower velocity such as knives or bone fragments from 
a skull fracture that is driven into the brain. Missile-
penetrating head injuries came into the field of medicine 
after the development of war weapons and early literature 
started to appear from World War I  and World War 
II.[2,3,6,7] In 2003, the US military campaign to invade Iraq 

yielded a lot of civilian injured people where both US 
militaries and suicide bombings caused massive injuries 
to civilian people.[6,8,9] On the contrary, gunshot wound 
injured patients show a big challenge to be treated well. 
Those patients carry high mortality and poor functional 
and neurological prognosis.[10] In this study, the patients 
have all injured civilians with different penetrating missiles.

Missile-penetrating head injuries had been classified several 
times; one of the former classifications was Cushing’s 
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classification in 1917. This was based on clinical examination 
findings of the wound with the surgical results.[3,7,9] Cushing 
classified missile-penetrating head injuries into superficial, 
tangential, penetrating, and perforating types, depending on 
the relationship between the missile and affected skull and 
brain tissues.[6,11,12] Matson refined Cushing’s classification 
after World War II, then more improvement was done in 
the 1970s by Raimondi and Samuelsson who presented the 
association between neurological condition and mortality 
rate of civilian injured patients.[3,6,7]

Brain computed tomography (BCT) technology has 
evolved to present a better diagnostic method to assess 
patients with head injuries. BCT started to give both 
diagnostic and prognostic value to those with missile-
penetrating head injuries.[7,11-13] There are few criteria seen 
in BCT such as how many brain lobes are affected by 
missiles, the presence of intracranial bleeding, the affection 
of posterior fossa or brain stem, any bone fragments or 
missiles particles, the intraventricular hemorrhage (IVH), 
midline shift, and any signs of infection or possible 
vascular structures injuries. These variables can be very 
well integrated with the clinical outcome of patients.[2,7,11,14]

In this study, the patients are all civilians and the authors 
tried to explore the relationship between BCT scan 
findings and clinical outcomes. The findings are basically 
anatomical namely how many lobes are affected and 
whether the posterior fossa is affected or not, or if  any 
tract hematoma or other hemorrhage in the brain. All 
these variables are to be correlated with prognosis.

Aims of study

•	 To explore the BCT findings of patients with missile-
penetrating head injuries.

•	 To study the relationship between different BCT scan 
findings and the prognosis.

Materials and Methods

Patients and study design
This was a cohort retrospective clinical study that was 
completed in Karbala, Iraq between January 2005 and 
January 2006. The study was performed on 70 patients 
who presented with different missile-penetrating head 
injuries at Al-Hussain General Hospital (affiliated with 
the University of Al-Ameed). These injuries are due to 
blast shells or machine guns or pistols.

Any patient under the effect of drugs, toxins, or referred 
from another hospital (after treating them operatively) 
has not been included in this study.

All patients included in this study were admitted to the 
neurosurgical ward in Al-Hussain General Hospital 
(affiliated with the University of Al-Ameed) after 
performing necessary resuscitation. All patients had a 
proper neurological examination and the severity of 
injured patients is classified according to the Glasgow 
Coma Scale (GCS) as follows:

•	 Mild head injury includes patients with a score of 
13–15.

•	 Moderate head injury includes patients with a score of 
9–12.

•	 Severe head injury includes patients with a score of ≤ 8.

A BCT scan was performed on all patients to show brain 
injuries. The BCT scan findings are classified into two 
major tables:

•	 Table 1 shows BCT scan anatomical findings in relation 
to the outcome scale. These sites can be one or two or 
more brain lobes or bi-hemispheric or posterior fossa 
involvement.

•	 Table 2 shows BCT findings of intracranial hematoma 
and hydrocephalus in relation to the outcome scale. 

Table 1: BCT scan findings according to the anatomical site of injury in relation to outcome scale

Anatomical findings No. of  
patients

Percentage 
%

Outcome scale

Good recovery Moderate disability Severe disability or vegetative status Dead
One lobe affection 33 47.1 29 2 2 –

Two lobes affection 19 27.1 1 12 6 –

Three lobes affection or more 6 8.6 – – 2 4

Bi-hemispheric 10 14.3 – 1 4 5

Posterior cranial fossa 2 2.9 – – – 2

Total 70 100% 30 15 14 11

Table 2: BCT scan findings according to the anatomical site of injury in relation to outcome (anatomical sites collapsed)

 
Outcome scale Total

Good recovery Moderate disability Severe disability or vegetative status Dead
One lobe 29 2 2 0 33

More than one lobe 1 13 12 11 37

Total 30 15 14 11 70
Chi-squared: P < 0.01
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The hematoma includes brain tract hematoma, IVH 
(intraventricular hematoma), and SDH (subdural 
hematoma).

All patients were admitted to the neurosurgical ward of 
the hospital; 40 patients were treated conservatively and 30 
patients were treated surgically to remove the intracranial 
hematoma and necrotic or contused brain causing mass 
effect also to remove accessible bone and metal fragments 
with wound debridement.

All of them received prophylactic antibiotics and 
anticonvulsant agents.

The outcome was determined by neurological evaluations 
and classified according to the Glasgow outcome scale 
with some modifications, into:

•	 Good recovery: patients return to preinjury level of 
function.

•	 Moderate disability: patients have neurological deficits 
but can look after themselves.

•	 Severe disability or vegetative state: patients are unable 
to look after themselves.

•	 Death.

Statistical analysis
For statistical analysis, Pearson chi-squared tests for 
independence were used whenever appropriate. The 
significance level was set at P < 0.05. Data were analyzed 
using the SPSS software program, version 21.0 statistical 
software. To meet the assumption of the chi-square test, 
groups of the variables have been collapsed. Then BCT 
findings (both anatomical sites and hematomas) and 
outcome scale categories were collapsed into two groups 
in order not to violate the assumptions of the chi-squared 
test. 

Ethical consideration
The study was conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki. It was carried out with patients verbal and 
analytical approval before the sample was taken. The study 
protocol and the subject information and consent form 
were reviewed and approved by a local ethics committee 
according to the document number 145 in 05/01/2005.

Results
Seventy patients who presented with missile injuries were 
admitted to the neurosurgical ward in Al-Hussain General 
Hospital (affiliated with the University of Al-Ameed). In 
this study, the mortality rate is 15.71% keeping in mind, 
all victims under drugs or toxins or referred from another 
hospital (after treating them operatively) are not included 
in this study.

Brain computed tomography scan anatomical findings in 
relation to outcome scale
In this study, 33 (47.1%) patients sustained injury to one 
lobe, 19 (827.1%) patients with two lobes, 6 (8.6%) patients 

Table 3: BCT scan findings according to the anatomical site of 
injury in relation to living state (anatomical sites collapsed)

 
Living state Total

Alive Dead
One lobe 33 0 33

More than one lobe 26 11 37

Total 59 11 70
Chi-squared: P < 0.01
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Figure 1: BCT findings with hematoma in relation to outcome scale
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with three lobes or more, 10 (14.3%) with bi-hemispheric 
injuries, and only 2 (2.9%) patients sustained an injury to 
posterior cranial fossa [Tables 1–3 and Figure 1]. Table 1 
and Figure 2 represent these findings. The outcome scale 
appears as follows [Table 1]:

•	 The highest incidence rate is with one lobe injury (33) 
patients (47.1%). The highest mortality rate is with 
posterior cranial fossa injury (2) patients (100%) followed 
by three lobes or more injury than bi-hemispheric injuries.

•	 The mortality rate of posterior cranial fossa injury is 
100%.

•	 The mortality rate of  three lobes or more injuries 
is 66.7% with 23.3% of  them sustained severe  
disability.

•	 The mortality rate of bi-hemispheric injury is 50% with 
(40%) severe disability.

•	 The least mortality rate (6.06%) appears with injury 
to one lobe and (87.8%) of  patients showed good 
recovery.

To meet the assumption of the chi-square test, groups 
of the variables have been collapsed. BCT findings 

(anatomical sites) and outcome scale categories were 
collapsed into two groups in order not to violate the 
assumptions of the chi-squared test

The chi-squared test showed that there is a significant 
association between the numbers of affected lobe and 
patients’ prognosis (P < 0.01).

The chi-squared test showed that there is a significant 
association between numbers of affected lobes and 
mortality rate (P < 0.01).

Brain computed tomography scan findings of tract 
hematoma with another brain hemorrhage in relation to 
outcome scale
In this study, 45 (64.3%) patients presented with tract 
hematoma only, 9 (12.9%) patients with tract hematoma 
and IVH, 9 (12.9%) patients with tract hematoma and 
SDH, and 6 (8.5%) patients with tract hematoma and 
ICH [Tables 4–6 and Figure 1]. Only one patient (1.4%) 
presented with tract hematoma and hydrocephalus which 
appears later after 12 days.

Table 4: BCT scan findings with tract hematoma and other associated hematoma in relation to outcome scale

BCT findings No. of  
patients

Percentage  
%

Outcome scale

Good  
recovery

Moderate 
disability

Severe disability 
or vegetative

Dead

1 Tract hematoma only 45 64.3 30 10 5 –

2 Tract hematoma and IVH (intraventricular hemorrhage) 9 12.9 – – 1 8

3 Tract hematoma and SDH (subdural hematoma) 9 12.9 – 3 4 2

4 Tract hematoma and ICH (intracerebral hematoma) 6 8.5 – 1 4 1

5 Tract hematoma and hydrocephalus 1 1.4 – 1 – –

Total 70 100% 30 15 14 11
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Figure 2: BCT scan anatomical findings in relation to outcome scale
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No death was recorded for those patients, with only tract 
hematoma; whereas 30 (66.7%) of them showed good 
recovery. Eight patients with tract hematoma and IVH; 
out of 9 equal to 88.9% died with only 1 patient out of 9, 
which is equal to 11.1% ended up with a severe disability, 2 
patients with SDH out of 9 died which is equal to 22.2%.

The least mortality rate is with tract hematoma alone, 
whereas the highest mortality rate is with tract hematoma 
and IVH.

All patients have tract contusion: 45 (64.3%) patients have 
only tract contusion, 9 (12.9%) patients have contusion 
and IVH, 9 (12.9%) patients have contusion and SDH, 
1 (1.4%) patient has contusion and hydrocephalus. The 
highest mortality rate is associated with IVH.

Types of hematoma categories were collapsed into two 
groups in order not to violate the assumptions of the 
chi-squared test.

The chi-squared test showed that there is a significant 
association between type of hematoma and patients’ 
prognosis (P < 0.01).

The chi-squared test showed that there is a significant 
association between type of hematoma and living state 
(P < 0.01).

Discussion
The prognosis of patients with missile-penetrating head 
injuries is variable; however, this depends on many factors 
such as the severity of the head injury, the age, the other 
systemic injury, and other factors.[4,10,13-19] Few studies 
showed the mortality rate of missile-penetrating head 
injuries varies between 10% and 40%, whereas gunshot 
head injuries in civilians can be as high as 53.5%–88%.[11,19,20]

In this study, the mortality rate is 15.71% keeping in mind; 
all victims under drugs or toxins or referred from another 
hospital (after treating them operatively) are not included 
in this study. This result is almost similar to other studies 
since missiles are small particles with a less damaging 
effect on the brain in comparison to direct gunshot 
injuries where the mortality rate is higher as seen in other 
studies.[3,10,11] The type of missiles might affect patients’ 
outcomes; in this study, the victims are civilians and the 
injury is almost because by suicide bombing which causes 
different shapes of missiles but they carry less damaging 
influence than a direct gunshot.

All patients were subjected to a BCT scan for diagnostic 
evaluation since it is an easier mode of diagnosis but 
this added more prognostic value later in patients’ 
management. Moreover, CT scan pictures usually reveal 
hemorrhagic tracts, intracerebral hemorrhage, midline 
shift, and metallic or bone fragments or air or skull 
fractures.[8,11,17,20]

In this study, patients with posterior cranial fossa injury 
as seen in BCT carry the highest mortality rate. This 
has been demonstrated by other studies as well which 
can be explained as there are vital structures such as the 
brain stem in this dangerous anatomical area, which can 
be a leading cause of death.[5,11,13,14,17,21,22] In addition, 
bi-hemispheric or more than two lobes’ injuries show a 
worse prognosis with severe disability or vegetative status 
patients as seen in other studies.[5,11,13,14,21-23] This is mostly 
because of possible damage of deep structures such as 
the hypothalamus or thalamus or indirectly by cavitation 
effect to damage the brain stem.

The affection of more than one lobe or bi-hemispheric 
indicates enough energy of the object to enter and cause 
injury to more than one lobe which correlates positively 
with damage that happens to the brain with more possibility 
to affect vital structures such as the hypothalamus or 
thalamus or indirectly by cavitation effect to affect brain 
stem. Pabuscu et al.[11] presented in their study a few poor 
prognostic variables including IVH; in this study, almost 
the same result was obtained since patients with IVH 
displayed the worse prognosis.[3,10,13,15,17,20,22,24-26] All patients 
showed tract hematoma in this study which is expected as 
well in any missile-penetrating head injury; nevertheless, 
interestingly this sign displayed a good prognosis if  it 

Table 5: BCT scan findings with tract hematoma and other associated hematoma in relation to outcome scale (hematoma types 
collapsed)

Type of hematoma Outcome

Good recovery Moderate disability Severe disability or vegetative status Dead Total
Tract hematoma only 30 10 5 0 45

Other hematomas 0 5 9 11 25

Total number 30 15 14 11 70
Chi-squared: P < 0.01

Table 6: BCT scan findings with hematoma in relation to a 
living state

 
Living state Total

alive dead
Tract hematoma 45 0 45

Other hematomas 14 11 25

Total 59 11 70
Chi-squared: P < 0.01
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is alone but if  it is combined with another intracranial 
hemorrhage, the prognosis would be worse. This finding 
was not shown clearly in other studies apart from the fact 
of a worse prognosis relationship to ICH.[7,12,14,15,18]

Unfortunately, BCT fails to show vascular injury[17,22,23] 
and this was not seen in this study however other studies 
demonstrated post-traumatic aneurysm or other vascular 
injuries using BCT angiography.[27]

Study limitations

1.	 Retrospective study.
2.	 Single-center study.

Conclusion
Penetrating head injury is a challenging problem and 
carries high mortality and morbidity rate. Missile injuries 
in civilian settings appear to be less damaging than in war. 
BCT scan is essential in both diagnosis and prognosis of 
patients with missile-penetrating head injury. IVH and 
posterior fossa injury lead to the highest mortality rate.
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