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Abstract 
Introduction. Penetrating craniocerebral wounds (PCCWs) are a particular le-
sion in the category of traumatic brain injury (TBI). The objective of this study 
was to describe the management of these lesions, and to identify signifiant risk 
factors associated with mortality in patients with a PCCW. Methods. It was a 
transversal, descriptive and analytical study performed in Departmental 
Teaching Hospital of Borgou and Alibori in Benin. From January 1, 2015 to 
June 30, 2020, patients with a PCCW were retained. Risk factors of mortality 
and morbidity associated to etiological, clinical and surgical parameters were 
assessed using the chi-square test. p value < 0.05 was considered to be statis-
tically significant. Results. During the study period, 1267 cases of traumatic 
brain injuries (TBI) were admitted. Of these patients, 77 (6.1%) cases of 
PCCW were retained. These patients were divided into 66 (85.7%) male and 
11 (14.3%) female. The mean age of the patients was 22.6 ± 14.8 years (range 
from 2 years to 70 years). The circumstances of occurrence were a traffic ac-
cident in 42 (54.5%) cases, an assault in 33 cases (42.9%) and a fall 2 (2.6%). 
The PCCW was unilateral in 71 cases (92.2%). A brain CT-scan was per-
formed in 60 (77.9%) patients. Surgery was performed in 69 (89.6%) patients. 
Post-operative outcomes were simple in 59 (85.5%) cases. GCS, pupillary ab-
normalities, motor deficit were a statistically significant risk factor associated 
with death or sequels (p < 0.0001). Conclusion. The identification of risk 
factors of mortality or sequels is a major step for an efficient management of 
PCCWs and a reduction of morbidity and mortality. Whatever strategies are 
adopted, prevention must remain a priority. 
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1. Introduction 

Penetrating craniocerebral wounds (PCCWs) are a particular lesions in the cat-
egory of traumatic brain injury (TBI). They are defined as a continuity of all 
planes separating the brain parenchyma from the external environment [1] [2] 
[3]. It is a post-traumatic communication between the intracranial setting and 
the external ambient environment. The first anatomical descriptions presented 
by Cushing [4] and Gordon [5] already considered them to be exceptional le-
sions. Circumstances of occurrence are varied. The causes of these lesions, once 
considered as due to military or civil armed conflicts, have diversified with the 
development of road traffic, population growth and the events of societies 
[6]-[11]. The seriousness of these injuries depends on several factors, the most 
frequently cited of which include the GCS, their extension, the location, the as-
sociated intracerebral injuries and the management of these injuries [1] [12] 
[13]. The high morbidity and mortality and the almost certain risk of hemorr-
hage and infection have made PCCW an emergency diagnosis and treatment 
[14] [15] [16]. The immediate management of the patient is fundamental and 
must be specific to the hospital center. In Parakou, Benin, PCCWs have already 
been reported as part of the panorama of lesions observed in patients admitted 
for TBI [17]. The objective of this study was to report the frequency of these le-
sions at the CHUD-B/A in Parakou, to describe the management of these le-
sions, and to identify significant risk factors associated with mortality in patients 
with a PCCW.  

2. Patients and Methods 

It was a transversal, descriptive and analytical study. This study was performed 
in the neurosurgery service of the Departmental Teaching Hospital of Borgou 
and Alibori (CHDU-B/A). From January 1, 2015 to June 30, 2020, all patients 
hospitalized for a TBI were recorded. All patients with a penetrating cranioen-
cephalic wound were retained whatever the cause and their age. 
 Diagnostic Criteria  

The diagnosis of head injury has been established in patients with TBI who 
had a combination:  
- Scalp wound; 
- Skull vault fracture;  
- Wound of the dura mater associated with leakage of LCS with or without loss 

of brain tissue. 
The brain CT-scan was the imaging exam considered. The variables studied 
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were, age, sex, circumstances of trauma occurrence, clinical signs, imaging data, 
treatment modalities, postoperative course, sequelae and lethality. Information 
about these variables was obtained by examining patients’ admission records 
and reviewing surgical suite registers. 

Risk factors of mortality and morbidity associated to etiological, clinical and 
surgical parameters were assessed using the chi-square test. p value < 0.05 was 
considered to be statistically significant. All statistical analyses were performed 
using Open Epi version 7. 

3. Results 

During the study period, 1267 cases of TBI were admitted. Of these patients, 77 
(6.1%) cases of PCCW were retained. These patients were divided into 66 
(85.7%) male and 11 (14.3%) female. The mean age of the patients was 22.6 ± 
14.8 years (range from 2 years to 70 years). The circumstances of occurrence 
were a traffic accident in 42 (54.5%) cases, an assault in 33 cases (42.9%) and a 
fall 2 (2.6%). In cases of assault, the traumatic agent was a machete, a firearm, a 
stick and nails in 21 (27.3%), 5 (6.5%), 4 (5.2%) and 3 (3.9%) cases respectively. 

The mean time to admission was 36.5 ± 72.7 hours (range from 30 minutes to 
15 days). This time was between 1 hour and 6 hours in 37 (48%) cases, between 6 
hours and 24 hours in 16 (20.8%) cases, between 24 hours and 48 hours in 12 
(15.6%) cases and after 48 hours in 12 (15.6%) cases. 

At admission, 55 (71.4%) patients had stable hemodynamic and respiratory 
status. Hemodynamic or respiratory instability was observed in 22 (28.6%) cases. 
According to the Glasgow coma scale (GCS), patients were divided into severe 
TBI (24.7%; n = 19), moderate TBI (20.8%; n = 16) and mild TBI (54.5%; n = 
42). Clinical manifestations observed at admission were reported in Table 1. 

The PCCW was unilateral in 71 cases (92.2%) and bilateral in 6 (7.8%). The 
distribution of the different locations of the PCCW was reported in Table 2. An 
illustration of these PCCWs is shown in Figure 1. An extracerebral lesion asso-
ciated with the PCCW was observed in 26 (33.8%) patients. A brain CT-scan was 
performed in 60 (77.9%) patients. The mean time to perform a brain CT-scan 
was 16.2 ± 9.7 hours (range from one hour to 21 days). The distribution of le-
sions objectified in the brain CT-scan of patients was reported in Table 3. Fig-
ure 2 is an illustration of the appearance of these PCCWs as shown by the brain 
CT-scan.  

Each patient on admission received antibiotic therapy consisting of a combi-
nation of Ceftriaxone/Metronidazole and a tetanus vaccination. An anticonvul-
sant treatment was instituted in 25 (32.5%) patients. An operative indication was 
indicated for all patients. Of the 77 patients, 8 (10.4%) died before admission to 
the operating room. Neurosurgical intervention was performed in 69 (89.6%) 
patients. The mean time to admission to the operating room was 21 ± 7 hours 
(range from 12 hours to 14 days).  

The surgical procedure consisted successively of five main steps (Figure 3): 
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Table 1. Symptoms or signs seen during examination of penetrating craniocerebral 
wound patients. 

 Frequency Percentage 

Agitation 51 66.2 

Consciousness impairment 49 63.6 

CSF leak 34 44.1 

Skull vault deformation 24 5.1 

Epistaxis 23 29.8 

Otorrhagia 18 23.4 

Brain tissue leak 17 22.1 

Motor deficit 13 17.8 

Pupillarity abnormalities 11 15.1 

*CSF: Cerebrospinal fluid. 

 
Table 2. Localizations of penetrating craniocerebral wound observed in patients. 

Localization Effectifs Pourcentage 

Frontal 25 32.5 

Parietal 6 7.8 

Temporal 6 7.8 

Occipital 8 10.4 

Fronto-parietal 10 13 

Biparietal 4 5.2 

Fronto-temporal 6 7.8 

Parieto-occipital 4 5.2 

Frontoparietotemporal 8 10.4 

 
Table 3. Distribution of injuries visualized on brain CT-scans of patients managed for a 
penetrating craniocerebral wound. 

 Frequency Percentage 

Depressed fracture 39 65 

Brain contusion 27 45 

Intracranial bone fragments 10 16.7 

Shot impact 5 8.3 

Epidural hematoma 5 8.3 

Subdural hematoma 4 6.7 

subarachnoid hemorrhage 4 6.7 

Encephalitis 4 6.7 

Pneumocephalus 4 6.7 

Cerebral ischemia 2 3.3 
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Figure 1. Macroscopic view of penetrating craniocerebral wound at patients’ admission. 
(a) parietal degrading wound with loss of brain tissue caused by traffic accident (b) fron-
tal localization (c) frontal PCCW caused by machete assault. 

 

 

Figure 2. CT view of PCCW. (a) Left parietal PCCW in parenchymal (a1) and bony 
(a2) views (b) Frontoparietal PCCW left in a parenchymal (b1) and bony (b2) views 
associated with a brain contusion and with multiple bone fragments.  

 

 

Figure 3. Surgical procedure to repair a PCCW. (a) Exposure of lesions after skin time. 
There is an outcome of cerebral material, fracture and embedding of bone fragments 
in the cerebral parenchyma. (b) Lavage phase, removal of necrotic cerebral tissue. (c) 
Exposure of the dura mater tear and exposure of borders. (d) Tight closure of the 
brain wound with pericranium followed by suspension of the dura mater. 
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1) Careful and abundant washing of the lesion site with saline to allow de-
bridement and exposure of the lesions. 

2) Careful removal of contused or mortified brain tissue. 
3) Identification and extraction of intracranial fragments (esquillectomy) or 

straightening of the bony edges embedded in the cerebral parenchyma.  
4) Systematic search and identification of the edges of the dura mater.  
5) Systematic repair of dura mater wounds performed for all patients. It con-

sisted of an anatomical reconstitution using a tight closure performed with peri-
cranium or temporal fascia.  

Post-operative outcomes were simple in 59 (85.5%) cases. Post-operative 
complications were observed in 8 (11.6%) patients. These were 3 (4.3%) cases of 
sepsis, 2 (2.9%) cases of meningitis, 2 (2.9%) cases of seizures and 1 (1.5%) case 
of brain abscess. Post-operative mortality was 7.8% (n = 6). There were 2 deaths 
in the immediate postoperative period and 4 deaths among patients with post-
operative complications. The overall pre- and postoperative mortality was 18.2% 
(n = 14). Among the 63 surviving patients, complete recovery was observed in 51 
(81%) patients and definitive sequelae were observed in 12 (19%) patients. These 
sequelae were divided into neurological deficits, neuropsychic disorders, aphasia 
and bilateral visual loss in 58.4% (n = 7), 25% (n = 3), 8.3% (n = 1) and 8.3% (n 
= 1) respectively. Severity of consciousness disorders was a statistically signifi-
cant risk factor of cause of death (p < 0.0001). The mortality risk factors assessed 
were reported in Table 4. The presence of motor deficit at patient admission was 
a statistically significant risk factor of sequelae (p < 0.0001). The risk factors for 
the occurrence of the sequelae studied were reported in Table 5. 

The average duration of patient hospitalization was 19 ± 17.4 days (Range 
from 1 day to 90 days). The mortality and morbidity risk factors sought and 
their significance level were reported in a recapitulative table (Table 6). 

The main risk factors that were significantly associated with mortality or se-
quelae (p < 0.05) were pupillary abnormalities, GCS, motor deficit and PCCW 
localization. 

4. Discussion 

Several studies concerning TBI have been performed in Parakou, Benin [17] 
[18]. These studies had already mentioned PCCW as part of the lesions observed 
in patients. By conducting a study focusing on PCCW, the authors were able to 
assess the problem of these lesions at Parakou. Statistical tests were used to eva-
luate the risk factors associated with the patients’ outcomes. This study now of-
fers quantitative and qualitative indicators necessary to manage PCCW in neu-
rosurgical practice in Benin and during prevention campaigns. The main restric-
tion of this study was the impossibility for the authors to explore all potential 
risk factors. This limitation was due to the adequacy of the technical platform, in 
particular the under-equipment of our intensive care unit. 
 Frequency 
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Table 4. Risk factors of mortality assessed in patients managed for a penetrating cra-
nioencephalic wound. 

 Frequency Mortality n(%) X2 p 

Aetiologies     

Traffic accident 42 8 (19) 0.46 0.79 

Assault 33 6 (18.2)   

Falls 2 0   

GCS     

Mild 42 2 (4.7) 20.59 0.0001 

Moderate 16 2 (12.5)   

severe 19 10 (52.6)   

Pupillary abnormalities     

Present 11 6 8.73 0.003 

Absent 66 8   

Motor deficit     

Present 13 8 16.41 0.0001 

Absent 64 6   

Localization     

Frontal 25 4 (16) 18.56 0.029 

Parietal 6 2 (33.3)   

Temporal 6 0   

Occipital 8 0   

Fronto-parietal 10 4 (40)   

Biparietal 4 2 (50)   

Fronto-temporal 6 0   

Parieto-occipital 4 0   

Frontoparietotemporal 8 2 (25)   

Associated lesions *     

Present 23 6 (26.1) 0.72 0.19 

Absent 54 8 (14.8)   

Surgery     

Yes 69 6 (8.7) 34.27 0.0001 

No 8 8 (100)   

*Extracerebral lesions. 
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Table 5. Risk factors of sequels assessed in patients managed for a penetrating cranioen-
cephalic wound. 

 Frequency Sequels n(%) X2 p 

Aetiologies     

Traffic accident 42 6 (14.3) 0.34 0.84 

Assault 33 6 (17.6)   

Falls 2 0   

GCS     

Mild 42 4 (9.5) 14.28 0.0007 

Moderate 16 0   

severe 19 8 (42.1)   

Pupillary abnormalities     

Present 11 6 (54.5) 11.55 0.001 

Absent 66 6 (9.1)   

Motor deficit     

Present 13 8 (61.5) 21.08 0.0001 

Absent 64 4 (6.25)   

Localization     

Frontal 25 0 22.52 0.007 

Parietal 6 2 (33.3)   

Temporal 6 2 (33.3)   

Occipital 8 0   

Fronto-parietal 10 2 (20)   

Biparietal 4 0   

Fronto-temporal 6 0   

Parieto-occipital 4 2 (50)   

Frontoparietotemporal 8 4 (50)   

Associated lesions *     

Present 23 2 (8.7) 0.55 0.23 

Absent 54 10 (18.5)   

Surgery     

Yes 69 12 0.59 0.23 

No 8 0   

*Extracerebral lesions. 
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Table 6. Recapitulative table of risk factors of mortality and sequels associated with pene-
trating cranioencephalic wounds and their levels of significance. 

 
Sequels Mortality 

X2 p X2 p 

Aetiology 0.34 0.84 0.24 0.88 

GCS 14.28 0.0007 20.59 0.0001 

Pupillary abnormalities 11.55 0.001 8.73 0.003 

Motor deficit 21.08 0.0001 16.41 0.0001 

Localization 22.52 0.007 18.56 0.029 

Associated lesions* 0.55 0.23 0.72 0.19 

Surgery 0.59 0.23 34.27 0.0001 

*Extracerebral Lesions. 
 

The frequency of PCCWs was 6.1%. This frequency varied by study. Thiam et 
al. [19] in Dakar reported 4%. Other authors such as Sanoussi et al. [20] and Ra-
biou et al. [21] in Niger and Doleagbenou et al. [22] in Togo reported frequen-
cies of 2.9%, 8.5% and 10.5% respectively. Lower frequencies of 0.4% were re-
ported by Rasolonjatovo et al. [10] in Madagascar. All these authors observed a 
clear male predominance. The same observation was made in our study. Male 
predominance is constant in head and brain injuries whatever the mechanism or 
cause [8] [14] [23] [24]. According to these authors, PCCW is a public health 
problem in their respective countries. 
 Aetiologies 

In the African series, road accidents and assaults (brawls, violent robberies, 
popular vindictiveness) are the main causes of PCCW [10] [19] [20] [21] [22] 
[25]. These road accidents were the first cause of PCCW in our study (54.5%) as 
observed by other authors [20] [22]. According to Thiam et al. [19], assaults 
were the primary cause (41%). This frequency of aggression was similar to that 
observed in our study (42.9%) although aggression was the second cause in our 
study. As reported by Thiam et al. [19] in Senegal, aggression was the primary 
cause of PCCW in Madagascar [10]. A particular type of aggression was ob-
served in our study; it was the use of nails as a method of aggression. These par-
ticular types of PCCW were the subject of research and reported in an article 
published in 2020 [26]. These different observed causes of PCCW make these 
injuries preventable. These causes reported in underdeveloped countries are in 
opposition to the causes of PCCW observed in occidental countries. In these 
countries, ballistic trauma was the most reported cause. The circumstances were 
accidental, due to a suicide attempt or in the context of armed conflict [6] [7] [8] 
[13] [16] [27]. In cases of suicide or patients with a psychiatric history, the wea-
pon used was a gunshot or nail guns. [11] [28] [29] [30]. 

Location 
The location of PCCWs varied from study to study independently of the cir-

cumstances in which they occurred [23] [25] [31] [32]. However, the main loca-
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tions were frontal [13] [19] [33], parietal [9] [25] or frontaloparieto-temporal 
[7]. The position of the victims at the time of contact and the virulence of the 
aggression seem to be determining factors in the predominance of localizations. 
Independent of the location of a PCCW, the management of lesions follows the 
same principles. 
 Imaging 

Although the diagnosis of PCCW is visual, medical imaging is still necessary 
[1] [30] [34]. Brain CT was the most commonly used imaging test in our study 
(77.9%). It is the examination of choice that allows a comprehensive evalua-
tion of the lesions according to the traumatic agent involved. It also provides 
information on the associated intracerebral lesions and the lesion trajectory 
[32] [35] [36]. Angiography is justified if a vascular lesion is suspected [1] [15] 
[30]. Although little or not recommended in the published literature, standard 
radiography retains indications and contributes to the identification of metallic 
objects [10] [37] [38]. This imaging examination is still widely used in un-
der-medical healthcare centers [9] [25] [26] [39]. 
 Treatment 

The management of PCCW is a neurosurgical emergency [1] [31] [40]. This 
treatment is based on two mainstays: surgery and antibiotic therapy [7] [30] 
[41]. The condition of patients on admission may require a stay in the intensive 
care unit and stabilization of their hemodynamic or respiratory status prior to 
admission to the operating room [14] [28] [42]. The surgical principles are de-
bridement, exposure of lesions, abundant saline lavage, removal of foreign bo-
dies, especially cranial fragments, removal of mortified brain tissue, and tight 
closure of the dura mater with pericranium or temporal fascia [43]. Cranioplasty 
is sometimes necessary to complete the management of this disease [1] [10]. The 
obsession with the management of cranioplasty is the occurrence of infection or 
leakage of CSF [43]. In all studies, antibiotic therapy was used routinely. Antibi-
otic therapy should be initiated on admission [25] [40] [41]. Antibiotic therapy 
is the best barrier to pre- or post-operative infection, which can be a cause of 
mortality [9] [44]. In our study our attitude was identical to that reported in the 
publications literature. 
 Mortality and prognostic factors 

Complete recovery was observed in 51 (81%) patients undergoing surgery and 
definitive sequelae were observed in 12 (19%) patients. The overall mortality was 
18.2%. Mortality was 7.8% among patients who underwent surgery. Mortality 
due to PCCW varies from study to study independently of etiology [14] [23] [31] 
[42]. According to Rich et al. [16], Thiam et al. [19], Gönül et al. [43] it was 5%, 
8% and 8% respectively. Higher lethalities have been reported by authors such as 
Izci et al. [30] reporting a 41% mortality in cases of suicide. Risk factors that may 
induce or influence mortality due to PCCW have been the subject of several stu-
dies [6] [8] [12] [29] [43] [45]. These included GCS at admission, pupillary sta-
tus or reactivity, infection, the presence of subarachnoid hemorrhage and to 
some degree, the existence of motor deficit. [7] [16] [45] [46]. In our study, GCS 
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< 8 (severe TBI), preoperative pupillary abnormalities and the presence of motor 
deficit were significantly associated with mortality (p < 0.0001). The implication 
of these same parameters in the deaths of patients managed of PCCW has been 
reported by Levy et al. [45]. Our results confirm the observations of many au-
thors [1] [12] [16] [24] [42]. The implication of all studies of GCS in deaths led 
Rish et al. [16] as well as Levy et al. [45] or Lieberman et al. [46] to say that any 
patient admitted for PCCW with a GCS ≤ 5 had no reasonable chance of survival 
and should abstain from any surgical procedure. According to these three au-
thors, including Bodanapally et al. [15] the presence of SA hemorrhage was to be 
considered a significant factor associated with mortality. In addition to these 
clinical and therapeutic risk factors, which involved all causes of PCCW without 
distinction, there are also parameters that are sometimes specific to intracerebral 
gunshot PCCW. According to Paradot et al. [27], these are the trajectory of the 
projectile and its passage from the median line. These prognostic factors evoked 
by other authors [2] [28] have not been explored in our study. Extracerebral pa-
rameters can also impact mortality. These are age, suicide attempt, mode of 
trauma, low blood pressure, coagulopathy and respiratory distress [1] [2] [13] 
[16] [28]. Our working conditions did not allow us to explore these parameters. 
Among the patients who survived with sequelae, the location of PCCW was a 
significant risk factor (p < 0.0003) as were GCS, pupillary abnormalities and the 
presence of motor deficit. These parameters should be considered in the man-
agement of PCCW cases. 

5. Conclusion 

PCCWs are serious traumatic brain injuries. The identification of risk factors of 
mortality or sequelae is a major step for an efficient management of PCCWs and 
a reduction of morbidity and mortality. The management of PCCWs, depending 
on the severity of the injury, can require the involvement of several actors at the 
same time. The protocols for the management of the injuries may be nuanced 
according to the etiology. These aetiologies can have an influence on patient 
prognosis. Whatever strategies are adopted, prevention must remain a priority. 
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