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Unusual clinical course

Penetrating traumatic brain injury (TBI) caused by gunshots is a rare type of TBI that leads to poor outcomes
and high mortality rates. Conducting a formal neuropsychological evaluation concerning a patient’s neurolog-
ic status during the chronic recovery phase can be challenging. Furthermore, the clinical assessment of survi-
vors of penetrating TBI has not been adequately documented in the available literature. Severe TBI in patients
can provide valuable information about the functional significance of the damaged brain regions. This infor-
mation can help inform our understanding of the brain’s intricate neural network.

We present a case of a 29-year-old right-handed man who sustained a left-hemisphere TBI after a gunshot, caus-
ing extensive diffuse damage to the left cerebral and cerebellar hemispheres, mainly sparing the right hemisphere.
The patient survived. The patient experienced spastic right-sided hemiplegia, facial hemiparesis, left hemiparesis,
and right hemianopsia. Additionally, he had severe global aphasia, which caused difficulty comprehending verbal
commands and recognizing printed letters or words within his visual field. However, his spontaneous facial ex-
pressions indicating emotions were preserved. The patient received a thorough neuropsychological assessment
to evaluate his functional progress following a severe TBI and is deemed to have had a favorable outcome.
Research on cognitive function recovery following loss of the right cerebral hemisphere typically focuses on
pediatric populations undergoing elective surgery to treat severe neurological disorders. In this rare instance
of a favorable outcome, we assessed the capacity of the fully developed right hemisphere to sustain cognitive
and emotional abilities, such as language.
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Introduction

Penetrating traumatic brain injury (TBI) is considered a rare
form of TBI [1-3]. It is widely acknowledged in the literature
that this type of TBI leads to worse outcomes than other
forms of TBI [1,4-6]. In addition, head injuries caused by gun-
shot wounds that affect the brain are less common and often
fatal [1,6,7]. Gunshot injuries to the brain can cause signifi-
cant damage to the parenchyma due to ballistics [1]. Studies
indicate that civilians who experience TBI caused by gunshot
wounds have a high chance of unfavorable outcomes, with a
rate of nearly 97%, including fatalities [1,6,8]. No clear defini-
tion exists for favorable or unfavorable outcomes; however, an
upper severe disability is often used as the lower cutoff for fa-
vorable outcome when the extended Glasgow Outcome Scale
is used as the method to measure outcomes [8,9]. Additionally,
if a patient can be unsupervised for at least 8 h but is unable
to utilize public transportation, they can be considered to
have a favorable outcome [9]. Literature data consists main-
ly of small-sample studies and case reports [1]. Furthermore,
most extensive studies originate from military databases fo-
cusing on military personnel [1,4]. It is crucial to acknowledge
that there could be substantial variations between civilian and
military populations when collecting data from military per-
sonnel studies [5]. It is important to note that the findings of
military research cannot be generalized to other groups and
populations [5]. Civilian gunshot penetrating TBIs are usually
caused by low-velocity bullets (300 m per second), transmit-
ting lower forces to the brain parenchyma [2,10]. It appears
that gunshot penetrating TBI outcomes may be strongly in-
fluenced by the admission Glasgow Coma Scale (GCS) score
and the number of lobes injured [2,3,7,10,11]. In addition, the
trajectory of the bullet within the cranium is considered a sig-
nificant ballistics characteristic, as it can serve as a prognos-
tic factor [12]. Survival of patients after severe penetrating
brain injury is rare [1,6]. Consequently, the prospect of exam-
ining a survivor of such injury is a rarity. The examination of
patients who have acquired brain lesions has the potential to
advance our understanding of the functional roles of the dam-
aged brain regions. Moreover, follow-up examination of such
patients could help us estimate the degree of brain’s plastici-
ty capacity in adulthood. In light of the limited data available,
the acquisition of novel insights regarding the functional out-
comes of patients affected by severe gunshot penetrating TBI
ought to be regarded as significant. The dominance of the left
hemisphere in relation to language skills is a well-established
fact [13,14]. Before the left specialization occurs, Lenneberg's
theory suggests that language skills may be developed in the
non-dominant hemisphere [13,14]. Numerous studies in the
literature have shown strong support for the development of
language skills in patients who have had functional surgical
removal of their left hemisphere to treat severe neurological
disorders, such as Rasmussen encephalitis or seizures in their
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youth [13,15]. According to the study conducted by Borne et al,
3 patients who underwent left functional hemispherectomy
as a treatment for Rasmussen encephalitis experienced favor-
able functional outcomes [13]. Moreover, studies have shown
that Rasmussen encephalitis and vascular etiology leading to
left cerebral hemispherectomy during childhood result in im-
proved outcomes [16]. It is essential to mention that limited
information is available about the cognitive recovery of adult
patients who have experienced a severe TBI in their left hemi-
sphere. Therefore, we report the case of a 29-year-old right-
handed man who experienced near complete loss of the left
cerebral hemisphere, caused by a gunshot head wound. This
patient afforded us the opportunity to assess elementary cogni-
tive, language, and emotional processing capacities, given that
the patient was able to comply with simple verbal commands.

Case Report

A 29-year-old man (a farmer with 6 years of formal education)
was transferred to the Emergency Department of our hospital
in a comatose state (GCS score 3/15) approximately 1 h after
being shot to the head. His pupils were reactive to light and
normal-sized. There was an open left temporal wound with ac-
tive bleeding, which was sutured immediately. After the intu-
bation procedure, an urgent computed tomography (CT) scan
was conducted, revealing the point of entry and trajectory of
the bullet (Figures 1-4). An exit point could not be identified.
The fragments of the bullet, along with the bony fragments,
were recognized. Figures 5-7 present a 3-dimensional recon-
struction that facilitates a comprehensive understanding of the
bullet’s trajectory. Subsequently, he underwent an emergency
left decompressive craniectomy, removal of subdural hema-
toma, and removal of 2 bullet fragments. The removal of the
largest fragments was not feasible. After surgery, the patient
was transferred to the Intensive Care Unit (ICU) intubated,
where an intracranial catheter was placed, revealing elevat-
ed intracranial pressure of 40 mmHg. A new CT scan showed
extensive brain edema, multiple large hemorrhagic lesions in
the left hemisphere, and incipient obstructive hydrocephalus
(Figures 8-10). Henceforward, 2 external ventricular drainag-
es were placed in both lateral ventricles. Following reduction
of intracranial pressure to 11 mmHg, sedation was withdrawn,
Upon neurological examination, he could open his eyes spon-
taneously and localize to painful stimuli.

The entrance wound was situated posterior to the zygomatic
process of the temporal bone. Fragmented bullets or ricochets
of the bone can complicate the determination of exit sites [17].
Hence, treating the wounds as they present and avoiding la-
beling site of bullet entrances is advised due to the high mis-
classification rate [17]. Furthermore, it was observed that the
trajectory of the bullet did not cross the midline. Instead, it
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Figure 1. Acute-phase axial computed tomography scan. The
arrow indicates the entry point of the bullet, which
caused fragmentation of the left temporal bone
(petrosal part) and part of the occipital bone. The
presence of cerebral fragments, edema, and diffuse . )

: S i Figure 3. Acute-phase axial computed tomography scan. The
contusions can be identified. ‘ :
arrow points to the central mass of the bullet in the
occipital lobe, with no exit found.

Figure 2. Acute-phase axial computed tomography scan. The
arrow points to the projectile inside the temporal lobe
parenchyma, above its entry point.

Figure 4. Acute-phase axial computed tomography scan.
Cerebral edema and diffuse contusions are recognized.

The arrow points to bony fragments along the path of
the bullet.
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Figure 5. Three-dimensional reconstruction of the acute-phase
computed tomography scan. Anterio-lateral view of the
left side of the cranium: the entry point is shown by
the arrow head.

Figure 6. Three-dimensional reconstruction of the acute-phase
computed tomography scan. Posterio-lateral view of
the left side of the cranium: the trajectory of the bullet
from the outside of the cranium is represented here
with the arrow. The arrow head points artifacts and
not exit point.
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Figure 7. Three-dimensional reconstruction of the acute-phase
computed tomography scan. Internal view of the entry
point and projectiles’ location. The arrow represents
the trajectory of the bullet.

followed a slanted path in close proximity to the medial aspect
of the occipital bone on the ipsilateral side. On the CT of the
brain, metallic and osseous remnants were detected along its
path. Unfortunately, information regarding the ballistics of the
gunshot is confined to a low-velocity shot discharged from a
handgun at a range of approximately 10 to 15 m.

After 2.5 months, while hospitalized, the patient underwent
cranioplasty. The post-cranioplasty CT scan is provided in
Figure 11. Furthermore, a gastrostomy procedure was per-
formed to ameliorate the patient’s nutritional status and min-
imize the risk of aspiration pneumonia, given the patient’s
compromised level of consciousness and inability to feed un-
aided. During his hospitalization, follow-up CT scans were per-
formed. The patient developed spastic right-sided hemiplegia;
thus, a lumbar baclofen pump was placed to reduce spastici-
ty. Further improvement of neurological status was noted, as
the patient displayed simple motor responses to verbal stim-
uli that did not imply comprehension.

Upon discharge, he presented with spastic right-sided hemi-
plegia and facial hemiparesis, left hemiparesis involving the
hand and foot, and right hemianopsia. He could not execute
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Figure 8. Postoperative axial computed tomography scan.
Postoperative findings after left decompressive
craniectomy, extensive cerebral edema of the left
hemisphere (pointed with arrow). At the occipital lobe,
we can recognize traumatic subarachnoid hemorrhage,
contusions, and osseus fragments and parafalcine
subdural hematoma on the occipital part of the falx
cerebri.
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Figure 9. Postoperative axial computed tomography scan.
Postoperative findings after left decompressive
craniectomy, extensive cerebral edema of the left
hemisphere. The projectile that was previously
mentioned can be identified at the occipital lobe, as it
was not extracted, pointed by the arrow.

Figure 10. Postoperative axial computed tomography scan.
Postoperative findings after left decompressive
craniectomy, extensive cerebral edema of the left
hemisphere. At the temporal lobe, we can recognize
another projectile that was previously mentioned, as
it was not removed, pointed by the arrow.

voluntary movements of the orofacial muscles, and did not show
evidence of comprehending simple verbal commands or ques-
tions and recognizing printed letters or words presented with-
in his intact visual field. Therefore, his language ability profile
was consistent with severe global aphasia. Spontaneous facial
expressions indicating negative or positive emations were pre-
served. After discharge from the hospital, he was transferred
to an inpatient rehabilitation center, where he remained for
19 months. During the patient’s hospitalization, our depart-
ment provided daily physiotherapy sessions. Later at the re-
habilitation center, the patient received daily physiotherapy,
ergotherapy, and weekly logotherapy sessions. On a follow-up
visit to our department, 2 years after the incident, his motor
status remained unchanged, with slight improvement in oro-
facial motility. Language assessment using subtests from the
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Figure 11. Axial computed tomography scan obtained at 2.5 months after injury, after performing cranioplasty, revealing extensive
gliosis of the left cerebral hemisphere, encroaching into the ipsilateral cerebellar hemisphere, and distention of the
ventricular system.

Boston Diagnostic Aphasia Examination revealed severe oro-
motor and verbal dyspraxia, and complete loss of the ability to
write and recognize letters and words. His verbal comprehen-
sion ability was severely limited, even for recognition of the
spoken name of highly familiar objects, which is characteris-
tic of global dysphasia. Severely restricted attention span and
willingness to cooperate in the assessment and speech ther-
apy were noted, with rapid improvement over the next 6 to 8
months, when he received weekly speech therapy.

On the next follow-up, 8 months later, spastic right-sided hemi-
plegia and left-sided hemiparesis persisted. Orofacial hemipa-
resis was rated as mild, with notable improvement in the ca-
pacity to execute largely symmetric lip and tongue movements
upon request. Spontaneous speech was restricted to mono-
syllabic utterances produced in response to task instructions
or spontaneously, typically to indicate that he wanted to re-
turn home. We did not elicit intelligible naming or repetition
responses. The patient could follow up to 2-stage spoken com-
mands, for example, “pick the pencil from the table and give
it to the doctor” when he was able to pick the correct 1 of 2
pencils and pass it to the correct of 2 persons seated in front
of him. He was able to pick out the correct, orally presented
target from 4-object arrays, using his left hand (more readi-
ly with real-life objects than pictures). Further, he recognized
1- and 2-digit numbers on the auditory-visual matching task.
His facial expressions were preserved, as on the first follow-up
visit. Informant report and examiner observations converged
with respect to the patient’s capacity to generate emotional
expressions (facial and vocal) of joy, sadness (or discontent),
and fear in response to video clips, internal triggers (such as
hunger and boredom), and external real-life contextual cues
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(a familiar view at the scenery outside his country home, the
sight of a loved one approaching, as well as various spoken
statements — for instance that he would have to tolerate ad-
ditional testing, or that they were ready to leave the hospi-
tal). Informant reports indicated extensive preservation of ep-
isodic memories acquired before injury and some capacity to
learn new non-verbal information (faces, locations, and routes).
Table 1 presents a concise overview of the recovery process,
outlining the essential steps.

Neurological and basic cognitive assessment was conduct-
ed on 2 follow-up visits. In addition to the standard neuro-
logical assessment, basic oromotor and language capacities
were assessed through tasks adapted from selected sub-
scales of the Greek version of the Boston Diagnostic Aphasia
Examination [18]. Emotional processing capacity was assessed
through examiner ratings of the presence or absence of ap-
propriate or inappropriate facial expressions upon presenta-
tion of 3 short video clips. Retrograde and anterograde am-
nesia was assessed using informant ratings.

Discussion

Gunshot-related TBI presents a significant challenge for med-
ical professionals due to its high mortality rate [1,4-7]. Pre-
hospital mortality rates are as high as 90%, while only half of
those who arrive alive at the hospital survive [19]. Admission
GCS is considered the strongest prognostic factor of survival
following penetrating head injuries, along with pupil size/re-
activity, bullet trajectory [3,7,8,11], neuroimaging findings on
CT [3], number of lobes affected [3,10], lesion location, and

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Tsitsipanis C. et al:
Favorable outcome of gunshot brain injury
© Am ) Case Rep, 2024; 25: e941601

Table 1. Timeline of recovery.

Timeline Neurological status

On admission » Glasgow Coma Scale (GCS) score 3

» Normal and reactive pupils

After weaning » GCS E(4), V(Non-Testable due to intubation), M(5)

2.5 months after trauma o GCS E(4), V(1), M(6)

« Spastic right-sided hemiplegia and facial hemiparesis
» No voluntary movements of orofacial muscles
« Left hemiparesis involving the hand and foot

+ Right hemianopsia
* Severe global aphasia

2 years after trauma  Slight improvement in orofacial motility
» Severe oromotor and verbal dyspraxia
+ Spastic right-sided hemiplegia and facial hemiparesis
» Left hemiparesis involving the hand and foot

» Right hemianopsia

2 years and 8 months = Spastic right-sided hemiplegia

after trauma « Left side hemiparesis
* Mild orofacial hemiparesis

* Capable to execute largely symmetric lip and tongue movements upon request
* Spontaneous speech; monosyllabic utterances produced in response to task instructions or

spontaneously

» Able to elicit 2-stage spoken commands
» Recognized 1- and 2-digit numbers on the auditory-visual matching task

demographics [11]. Furthermore, the path of the bullet and its
projectiles, as well as the amount of energy applied, are crucial
factors in determining the extent of injury [17]. These elements
have a significant impact on the outcome [17]. Rothschild and
Schneider reported on a unique case involving a 28-year-old
patient who survived a gunshot wound to the head despite
being left for dead for 2 days [20]. The patient experienced
only minor neurological impairment and was able to resume
his regular daily routine and job [20]. The authors speculat-
ed that the patient’s favorable outcome was due to low-im-
pact energy and the bullet trajectory, which did not include
eloguent brain areas [20].

Intracranial pressure greater than 20 mmHg and GCS of 3-4 at
presentation were moderately associated with higher mortali-
ty [8]. Patients with a GCS »8, normal pupil reaction, and single
lobe brain injury, including those with GCS ranging between
8-13 with uncompromised ventricles, can benefit from early
and aggressive surgical treatment [3,7]. On the other hand, ad-
vancements in medical knowledge and emergency response
make it reasonable to assume that previously devastating in-
juries can be treated, with better outcomes. Interestingly, a
study was conducted by Joseph et al to delve into the effects
of aggressive resuscitation on patients with gunshot TBI who
were admitted to a level | trauma center [19]. The objective
of the study was to examine the influence of this approach
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on patient outcomes and organ donation rates [19]. The find-
ings indicated a steady improvement in survival rates over a
5-year span [19]. In addition, Qi and Li presented a case of a
patient with a severe gunshot-induced TBI who demonstrat-
ed a favorable outcome [21]. The patient’s admission GCS was
6, with anisocoria and a gunshot wound on the right frontal
bone [21]. The projectiles did not cross the midline, and the
patient exhibited a favorable outcome after aggressive treat-
ment [21]. However, current medical literature falls short in pro-
viding comprehensive guidelines for bullet management [17].
It is worth noting that inappropriate extraction can result in
various complications, such as damage to surrounding tissues,
infection, neurovascular injury, deep vein thrombosis, and ex-
cessive bleeding [17].

The most frequent causes of near complete left hemisphere
damage are hemispherectomy, stroke, and trauma [14,22,23].
Nearly all single-case studies and case series reports concern
left hemispherectomies to manage medical conditions asso-
ciated with congenital or early-onset damage or disease, such
as epilepsy and/or hemiplegia, Rasmussen encephalitis, and
Sturge-Weber syndrome [2,3,8,11]. Most commonly, removal
of a severely impaired/malformed hemisphere took place in
childhood [24-27]. Significant language preservation and re-
covery has also been observed following adult hemispherec-
tomies [23,25,28].
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In their case report, Wang et al reported an adult patient who
was treated with functional left hemispherectomy to treat late-
onset Rasmussen encephalitis; however, it should be noted that
remodeling of the brain cortex responsible for language skills
might have occurred gradually due to chronic development of
the disease [29]. Moreover, in one of the studies with a larger
population, Liang et al demonstrated improvement in motor and
cognitive function in patients with severe unilateral epilepsy that
underwent left hemispherectomy [25]. Although, concerning sur-
gical removal of the left hemisphere for treatment of epilep-
sy, our results are in accordance with the report of Fournier et
al about the functional modalities of the right hemisphere and
improvement in language skills [30]. Kliemann et al presented
evidence in their case series study indicating that cortical reor-
ganization during adulthood may be a potential explanation for
the enhancement of socioemotional processing functions [31].
Regarding our results, it is possible to hypothesize that there
was a cortical reorganization in the contralateral homologous
regions responsible for processing language skills.

Early and aggressive treatment for patients with severe pen-
etrating gunshot TBI seems to be a reasonable approach [19].
According to the findings presented by Kim et al, it is assumed
that favorable outcomes can be achieved through optimal sur-
gical intervention [2]. Whereas comprehensive neuropsycho-
logical evaluation was possible in most of these reports, cog-
nitive outcomes following complete left hemisphere damage
secondary to penetrating TBI are very rare. The patient in the
present case displayed remarkable recovery of receptive lan-
guage functions despite limited speech therapy or other sys-
tematic cognitive interventions, accompanied by near-complete
resolution of facial paresis and hemiplegia. This progress was
noted mainly during the third year after injury, suggesting that
brain mechanisms within the partially intact right hemisphere
developed gradually, to subsume impaired language functions.
Although anterograde amnesia for verbal material could not be
assessed in our patient, informant reports suggested partially
preserved episodic learning capacity for faces, spatial contexts,
and routes. Concerning emotional processing, the patient ap-
peared capable of evaluating dynamic, visual stimuli conveying
emotional information for joy, sadness, and fear (video clips)
and generating appropriate facial emotional expressions. This
is in line with the notion that the isolated right hemisphere
is not merely capable of supporting this function but may ac-
tually display greater specialization than the left hemisphere
for emotion processing, regardless of valence, in other words,
for both positive and negative emotions [22].

Culmination regarding the mechanisms responsible for preserv-
ing and/or recovering cognitive functions are inevitably limit-
ed by lack of brain imaging data assessing right hemisphere
hemodynamic/metabolic viability and function. Moreover,
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functional status evaluation was restricted to tasks assess-
ing mainly receptive language abilities and informant reports
of memory capacity.

As an important consideration, we wish to highlight several
limitations of our study. First, we would like to express that
the available information on the ballistics of the bullet was in-
sufficient, which in turn, impacted the clarity of our findings.
Second, we acknowledge that the assumptions we made re-
garding the functional outcome of this case relied on a limit-
ed amount of literature, which makes it difficult to general-
ize our results and conclusions. Lastly, we acknowledge that
confounding factors that may have impacted the patient’s fi-
nal outcome were difficult to interpret, leading to some un-
certainty in our findings.

Conclusions

Surviving a gunshot wound to the head is extremely rare and
can lead to challenges for clinicians in conducting a compre-
hensive neuropsychological evaluation during the chronic
phase of recovery. However, we recently had the opportunity
to assess a unique case that showed promising results. By ex-
amining the functioning of the mature right hemisphere, we
were able to gain insights into how the brain can recover and
adapt following such a traumatic event. This information can
be invaluable in understanding residual cognitive and emo-
tional functions after a severe injury. Furthermore, it should
be noted that the patient was admitted to our hospital with a
GCS score of 3 and anisocoria. However, early and aggressive
treatment achieved a favorable outcome. In addition, the final
outcome presented in late fashion. As a result, we consider the
notion that aggressive treatment can be justifiable in patients
with severe TBI, even if their prognosis is assessed to be poor.
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