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Introduction  

Penetrating head injuries are common in war with relatively high rate of 

morbidity and mortality. Since world war I, Harvey Cushing was the initial 

neurosurgeon that endorsed debridement of penetrating head wounds to guard 

against infection and death. (Cushing, 1918) High velocity missiles are different 

from low velocity penetrating injuries. (Kaufman et al., 1991) There is many 

debates about the management of low velocity one. Many centers advocated 

aggressive debridement to guard against infection with low mortality rate. 
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(Loggini et al., 2020) (Smith  et al., 2014) (Kazim et al., 2011) However, other 

report found same or better outcome with minimal or no surgical debridement. 

(Amirjamshidi et al., 2003) 

Minimal intervention could be crucial in areas with low equipment and 

dangerous medical situation in civil war zone. High velocity gunshot wounds 

usually need a neuroscience intensive care unit (NICU) due to widespread 

injuries from high velocity momentum with thermal and kinetic energy 

conducted to the brain rather than low velocity blast fragment injuries. (Smith  et 

al., 2014)  

In Syria civil war, most head injuries occur due to barrel bomb explosives.  

We studied the management of penetrating head injuries in that area with low 

equipment facilities and no available NICU. 

Material and methods  

Study design and population  

During a period of 6 month of Syrian civil war ( October 2012- March 

2013)  30 patients (out of 52 patients) with penetrating head injuries were 

referred to a 3 different (movable) field hospitals in three different places along 

Syrian Turkish border.  

Inclusion and exclusion criteria  

Inclusion criteria included those patients with shrapnel head injury from 

barrel bomb explosion of any age. Head injuries were categorized according to 

Glasgow coma scale (GCS) into mild (12-15), moderate (9-12) and sever (3-8) 

head injuries.  The patient should be categorized of mild and moderate head 

injury with Glasgow coma scale (GCS) ranged from 11 to15, no need for NICU 

admission, or any other head injury causes like falling from height or motor car 

accident.  

 Exclusion criteria was including any patients whom fulfill criteria of 

NICU admission including; head injury from high velocity gun shots snipers and 

explosive missiles, or pre management low GCS score. 
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 Most patients with low GCS was transferred to Turkish border for 

admission in the NICU. Most patients had low velocity entrance of bomb 

shrapnel into head scalp. The scalp wound was ranged from less than 1 cm to 

more than 5 cm. We noticed that most of injuries from barrel bomb were located 

in the head, neck, shoulder, and knee as barrel was exploding. Gun shots and 

explosive missiles had bizarre presentation.  

 Patients were referred to such early tertiary field hospital care with 

CT brain. Further laboratory and X-ray investigation were done in the field 

hospital. After admission, the patient had general anesthesia, less frequently 

local anesthesia, and wound debridement with removal of shrapnel sometimes 

under image fluoroscopy when it was inaccessible or deeply seated. Fragmented 

bone ships were removed during surgery to avoid secondary infection. Wound 

was sutured by interrupted sutures. Pre-operative installed antibiotic (third 

generation cephalosporin) and prophylactic antiepileptic (phenytoin) drug for 

those with brain injury was mounted. After surgery the patient was admitted for 

4 to 12 hours before discharge due to limited hospital beds and dangerous 

situations. In outpatient clinic, we followed patients for wound healing, gradual 

removal of anti-epileptic drugs, secondary infection, seizure, or development of 

brain abscess. Conservative management of patients usually was followed by 

serial CT. Some patients were lost during follow up due to difficult connection 

between villages or town and movable hospital due to civil war. Cases follow up 

in some patients extended up to six months postoperative. 

  

Result  

The mean age for such victims was 26. ± 10.1 and more cases were males. 

All cases had metal shrapnel fragments. Most clinical presentation was headache 

73.3%, due to young age of the patient, no chronic illnesses were reported in the 

majority of cases (73.3%). Table (1)  
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All the victims were arrived with local attendant ambulances and were 

examined within 24 hours after injury. Most patients had clean wound and 

dressing before arrival and few had bleeding inlet. 

GCS upon arrival was fluctuating, and majority was GCS =15 (43.3%). 

We had no cases of inlet and exit wounds, this could be explained by low 

velocity nature of the shrapnel injury in high GCS score grade. However, we 

reported 2 (6.7%) cases with metal fragment crossed the midline and further 3 

(10%) cases had more than one metal in different brain lobes. Frontal lobe is the 

most frequent affected lobe (53.3%) and the occipital lobe was the least one 

(3.3%). Dominant lobe was more frequently injured (53.3%) than non-dominant 

one (46.7%). Fragmented metals inside the brain were less reported (13.3%) than 

the fragmented skull bones (30%). The most frequent CT finding associated with 

penetration was contusion, edema and mass effects accounts for (60%). Table (1) 

Surgery (either with local of general anesthesia) was reported in (83.3%) 

of cases and 16.7% was treated conservatively. Hyperosmolar dehydration, 

antiepileptic drug, and control of intracranial pressure (ICP) were guarded by the 

anesthetist during anesthesia. The majority of cases had debridement and 5 cases 

(16.7%) needed craniotomy flap. Figure (1) One case (3.3%) needed a 

decompressive craniectomy. This patient had deterioration of conscious level 

after surgery that mandated transport to Turkish border. Complication was 

estimated in this series as follow; infection (10%), epilepsy (6.7%), and 

persistence of preoperative neurological deficit (hemiparesis 10% and aphasia 

6.7%). No new added deficit was noticed. Table (1, 2) We didn’t report 

complication in conservative cases. Figure (2) To our knowledge, we had no 

mortality; however, we lost contact with many patients during follow up due to 

unstable transportation. We had two of our teams (Syrian nurse, and worker) 

were attacked explosive missile and died throughout the management period.   

Surgery was significantly affected by chronic illness P= 0.04. Absence of 

chronic illnesses was associated with favor outcome. More affection of the brain 

lobes by penetrating metal (P= 0.001), and number of metal fragments inside the 
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brain (P= 0.011). Complication after surgery was associated with associated CT 

brain finding (P= 0.005). Table (3)  

Table (1) Demographic, clinical, and radiological data  

Variable  Frequency Percent 

Sex Male  

       Female  

25 

5 

83.3 

16.7 

Clinical presentation  

headache  

Aphasia  

Hemiparesis  

Convulsion  

22 

2 

3 

3 

73.3 

6.7 

10.0 

10.0 

Chronic illnesses  

Hypertension 

Diabetes 

Both 

Smoke 

Non 

 

3 

1 

2 

2 

22 

 

10.0 

3.3 

6.7 

6.7 

73.3 

First affected lobe  

Frontal lobe 

Parietal lobe 

Temporal lobe 

Occipital lobe 

16 

7 

4 

1 

53.3 

23.3 

13.3 

3.3 

Behavior of metal inside the brain  

Dominant lobe  

Cross midline  

Non dominant lobe  

No brain penetration  

16 

2 

10 

2 

53.3 

6.7 

33.3 

6.7 
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Frequency of affected lobes 

One lobe 

More than one lobe 

No brain  penetration 

 

24 

5 

1 

 

80.0 

16.7 

3.3 

Associated CT brain finding  

Associated intracerebral hematoma 

Contusion 

Edema 

Contusion and Edema 

Edema with mass effect 

Contusion, Edema with mass effect 

Epidural hematoma 

Pneumocephalus and hematoma 

 

2 

8 

2 

7 

2 

1 

5 

3 

 

6.7 

26.7 

6.7 

23.3 

6.7 

3.3 

16.7 

10.0 

Number of metal fragments  

One metal fragment  

More than one metal  

 

26 

4 

 

86.7 

13.3 

Number of bone fragments  

One bone fragment inside the brain 

More than one bone fragments inside the 

brain 

21 

9 

70.0 

30.0 

GCS 

11 

13 

14 

15 

 

2 

6 

9 

13 

 

6.7 

20.0 

30.0 

43.3 
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Para-nasal sinus affection  

No para-nasal sinus affection 

Para-nasal sinus affection 

 

29 

1 

 

96.7 

3.3 

Complication  

Persistent pre-operative neurological deficit 

Superficial infection 

Deep infection and abscess formation 

Epilepsy 

 

5 

1 

2 

2 

 

16.7 

3.3 

6.7 

6.7 

 

GCS=Glasgow Coma Scale 

 

Table (2) Outcome management of patients with penetrating head injuries  

 

Management and 

outcome  
Frequency  Percent  

Conservative 5 16.7 

Surgery 25 83.3 

 

Table (3) Surgical outcome and complication significance  

 

Variables Complication Surgery 

Chi square Correlation Chi square Correlation 

Age 0.41 0.504 0.67 0.68 

Sex  0.53 0.92 0.42 0.36 

Chronic illness  0.19 0.38 0.04* 0.24 

Clinical presentation  0.29 0.40 0.25 0.95 

Behavior of metal inside 

the brain 
0.88 0.43 0.15 0.58 
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Frequency of affected 

lobes 
0.87 0.86 0.001* 0.65 

First affected lobe  0.56 0.58 0.14 0.82 

Number of metal fragment  0.26 0.19 0.011* 0.38 

Number of bone fragment  0.74 0.45 0.32 0.27 

Associated CT brain finding  0.005* 0.79 0.82 0.41 

Glasgow Coma Scale  0.40 0.94 0.075 0.11 

* Significant 

 

 

Figure (1) (A) CT brain of a male patient, 21 years old, presented with left 

frontal metal fragment after barrel bomb explosion. B) Wound exploration after 

general anesthesia. C) Metal fragment after removal. D) CT brain after metal 

removal with small skull bone craniectomy and dural repair.   
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Figure (2) (A) and (B) represented CT brain of a male patient presented with 

right frontal bone and metal fragments and left temporal metal fragment after 

barrel bomb explosion associated with pneumocephalus and trapped air inside 

the lateral ventricle due to fracture base. (C) and (D) represented one week after 

conservative management with subsidence of air inside the brain and perifocal 

edema around the fragments.     

Discussion  

Civilian people in war injuries usually presented to emergency department 

with either gunshot wounds, shrapnel from blast explosive injuries, or missiles 

explosive injuries. High velocity missiles usually have ominous and profound 
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head injury rather than low velocity blast fragments injuries. (Loggini et al., 

2020) (Smith JE 2014) Patient can be presented with either poly trauma or 

isolated head injury. In penetrating head injury, aggressive debridement was 

reported with increasing incidence of neurological deficit. (Gorji & Ghadiri, 

2001) (Kazemi et al., 2012) Selection of patient with penetrating brain injury for 

surgery is debatable in literature. (Almogy & Rivkind,  2006) (Amirjamshidi et 

al., 2003) Some neurosurgeon takes more conservative approach while other 

recommended surgical procedures ranges from local to aggressive debridement. 

(Esposito et al., 2009) (Amirjamshidi et al., 2003) Surgical management for war 

penetrating head injuries were documented in various from include; simple 

debridement with removal of metal or bone fragments under local or general 

anesthesia, local craniotomy and removal of metal and bone fragments, extensive 

craniotomy for hematoma evacuation, and/ or decompressive craniotomy for 

decrease ICP.  (Maragkos et al., 2018) (Loggini et al., 2020) 

Elimination of metal fragment should be done only if it will be accessible 

to the surgeon without brain damage. (Kazemi et al., 2012) Deep brain 

exploration carries a high risk of morbidity as metal fragment may drifted into 

the cerebral vessels causes vascular injuries, or cerebrospinal fluid (CSF) 

contamination. (Van Wyck, 2015) In this series, surgical outcome was affected 

by the number of the affected brain lobes by penetrating metals (P= 0.001) and 

number of metal fragments inside the brain (P= 0.011). Such risk makes some 

neurosurgeon to become less aggressive during surgical debridement with more 

prophylaxis antibiotic administration. (Kazim et al., 2011)  In our report, surgery 

was stated in (83.3%) of cases and 16.7% was treated conservatively. The 

majority of the surgical cases had debridement and 5 cases (16.7%) needed 

craniotomy flap and one case (3.3%) required a decompressive craniectomy. 

Clinical finding especially GCS is cardinal feature for surgery in injured patient. 

(Folkerson  et al., 2018 ) GCS is fundamental feature in management of our 

cases. The management strategies in this series was limited surgical maneuver 

attributed to many factors including; shortage of neuroscience ICU and patient 
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selection (GCS ≥ 11), the majority of cases was GCS 15 (43.3%), and no single 

reported case presented with exit wounds due to the low velocity explosive 

nature of the selected cases. In these series, Surgery was significantly affected by 

pre hospital existence of chronic illness (P= 0.04). Number of brain lobes 

affected by penetrating metal (P= 0.001), and number of metal fragments inside 

the brain (P= 0.011).   

Additional important influence for surgical maneuver is CT finding. It is 

not only and indicator for surgery and management of penetrating head injuries, 

but also it could affect the prognosis for such patients. (Folkerson  et al., 2018) 

The most frequent CT finding in these series was the association of fragments 

with contusion, edema and mass effects (60%). CT brain finding reported in 

literature with penetrating head injuries and carries bad prognosis including; 

multiple brain injuries, intra-ventricular or subarachnoid bleeding, and 

obliteration of the basal cistern from herniation syndrome. (Almogy & Rivkind,  

2006) (Folkerson  et al., 2018) (Smith  et al., 2014) (Maragkos et al., 2018) 

However, complication after surgery in this report was statistically significant 

associated with CT brain finding (0.005).  

Before surgeries, and due to limited sources, we didn’t have intracranial 

pressure monitoring or NICU. In these field hospitals, we used hyperosmolar 

therapy to decrease suspected rising intracranial pressure from associated brain 

edema and mass effect.  

In penetrating head injury with explosive missile, the infection rate was 

reported in war from 6% to 15% (Amirjamshidi et al., 2003) (Loggini et al., 

2020) (Van Wyck, 2015) (Smith  et al., 2014) (Kazim et al., 2011) (Maragkos et 

al., 2018) comparable to (10%) in our result in field hospital with limited 

resources. Loggini A, et al had reported low infection rate 5% with conservative 

or minimal surgical intervention. (Loggini et al., 2020) Infection in penetrating 

head injury is including superficial and deep wound infection, meningitis and 

encephalitis, and development of brain abscess. (Esposito et al., 2009) According 
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to previous statement, prophylactic antibiotics are initiated as an early treatment 

upon patient admission whether he was going for surgical or conservative 

management. Prophylactic antibiotics is essential in such injuries especially in 

that metal penetrating with contamination the skull, or penetrating unhealthy 

Para nasal sinus or oral cavity. (Bolatkale & Acara, 2019)  

A second common complication in penetrating head injury is seizure.  

Many series describe high incidence of seizure including Iraq –Iran war 75%, 

Vietnam 53%, Korea 36%. (Salazar et al., 1985) (Amirjamshidi et al., 2003) 

(Smith  et al., 2014) In this series, seizure was reported in (6.7%) of cases. 

Seizure is common during follow up in cases that developed encephalomalacia 

or those with retained metal inside the brain. (Salazar et al., 1985) (Richmond & 

Lemaire, 2008) This stage needs long term follow up which is not available in 

this study. Our seizure report number could be anticipated to increase as we had 

6.7% of  cases with metal cross midline, 10% had more than one metal in 

different brain lobes, and fragmented skull bones inside the brain was reported in 

30%. Furthermore, Frontal lobe is the most frequent penetrating lobe (53.3%) 

with metal. However, no available statistical data could be verifying such 

finding.  

We had no mortality in these series; however, we lost contact with many 

patients during follow up due to unstable transportation. Mortality rate is 

depending on GCS, and type of penetrating injury. Mortality rate ranges from 

17-24% in GCS 3-8. (Weisbrod et al., 2012) A high velocity gunshot injury had 

a higher mortality rate compare to low velocity blast fragment. (Smith  et al., 

2014)  

This study has some limitations including low available medical supplies 

due to working in changeable field hospitals to increase spectrum of penetrating 

head injuries patient management. Short time follows up of the patients which 

ranges from 12 hours to 1 week in some patients due to dangerous travel. 

However, our result suggested that movable field hospital can be valid in the 
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management of a spectrum of patient with low velocity explosive metal head 

injuries.   

Conclusion 

Selection of treatment modality either conservative or surgical for patients 

with penetrating brain injury is debatable in literature. Surgical outcome can be 

affected by number of factors including number of the affected brain lobes by 

penetrating metals, number of metal and bone fragments inside the brain. GCS, 

pre surgical existence of chronic illness, and CT brain finding can affect the 

patient management and prognosis. Field hospital could be valid in the 

management of a spectrum of patient with low velocity explosive metal head 

injuries.   
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