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Abstract
Given the abundance of vital neurovascular structures, gunshot wounds (GSWs) to the posterior fossa are
generally fatal. We present a unique such case where a bullet entered the petrous bone, traversed the
cerebellar hemisphere and overlying tentorial leaflet, and reached the dorsal aspect of the midbrain,
resulting in transient cerebellar mutism with an unexpectedly favorable functional recovery. A 17-year-old
boy sustained a GSW to the left mastoid region with no exit wound and presented with agitation and
confusion, ultimately leading to a coma. Head CT revealed a bullet trajectory through the left petrous bone,
left cerebellar hemisphere, and left tentorial leaflet, with a retained bullet fragment in the quadrigeminal
cistern, overlying the dorsal aspect of the midbrain. Computed tomography venography (CTV) demonstrated
thrombosis of the left transverse and sigmoid sinuses and the internal jugular vein. The patient’s hospital
course was marked by the development of obstructive hydrocephalus, secondary to delayed cerebellar edema
with fourth ventricular effacement and aqueductal compression, possibly worsened by concomitant left
sigmoid sinus thrombosis. Following the emergency placement of an external ventricular drain and two
weeks of mechanical ventilation, the patient’s level of consciousness improved significantly, with excellent
brainstem and cranial nerve function, ultimately leading to successful extubation. Although the patient
exhibited cerebellar mutism secondary to his injury, his cognitive abilities and speech improved significantly
during rehabilitation. At his three-month outpatient follow-up, he was ambulatory, independent in his daily
living activities, and able to verbally communicate using full sentences. Though exceptional, survival and
functional recovery may occur after a GSW to the posterior fossa. A basic understanding of ballistics and the
importance of biomechanically resilient anatomic barriers, such as the petrous bone and tentorial leaflet,
can help predict a good outcome. Lesional cerebellar mutism tends to have a favorable prognosis, especially
in young patients with central nervous system plasticity.
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Introduction
Given the high density and abundance of neurovascular structures housed within the posterior cranial fossa,
gunshot wounds (GSWs) in that location are generally associated with high rates of mortality, approaching
100% [1]. Moreover, in the unlikely survivors, substantial permanent morbidity often ensues from injury to
the brainstem, the vertebrobasilar arterial system, cranial nerves, or the cerebellum [1]. In this report, we
describe a unique case of survival with remarkable functional recovery following a GSW to the posterior
fossa, including a bullet trajectory through the petrous bone, cerebellar hemisphere, tentorial leaflet, and
quadrigeminal cistern, in close proximity to the dorsal surface of the midbrain. We postulate that the
biomechanically resilient petrous bone and tentorium acted as natural shock absorbers and anatomic
barriers, thereby limiting neurovascular damage. Given that the patient experienced transient cerebellar
mutism following this injury, a review of the pathophysiology and neuroanatomic correlates of this rare
syndrome is also presented.

Case Presentation
A previously healthy 17-year-old boy was brought to the emergency department following a GSW to the
head, with a left retro-auricular entry wound in the mastoid region but no obvious exit wound. No history
could be obtained regarding the type of firearm used or the distance from where the patient was shot.
Though hemodynamically stable, the patient was extremely confused and agitated, however verbal, with a
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fluctuating level of consciousness, a Glasgow Coma Scale (GCS) score of 11, and pupils being equal, round,
and reactive to light. Following emergency endotracheal intubation, a head computed tomography (CT) scan
revealed a bullet trajectory through the left petrous bone, left cerebellar hemisphere, and left tentorial
leaflet (Figures 1A-1C), with a retained bullet fragment in the quadrigeminal cistern, overlying the dorsal
aspect of the midbrain (Figures 1D-1F). Computed tomography venography (CTV) scans demonstrated
thrombosis of the left transverse and sigmoid sinuses and the jugular bulb. The patient underwent local
debridement of the entry wound and was placed on broad-spectrum intravenous antibiotics, which were
continued for 33 days. No surgery was performed in an attempt to remove the bullet.

FIGURE 1: Initial diagnostic imaging following emergency endotracheal
intubation (A-F)
1A-B: Axial computed tomography (CT) images showing the bullet’s entrance wound (red arrow) through the left
petrous bone with bone fragments and shrapnel in the cerebellum (green arrow); 1C: Axial CT image showing
pneumocephalus and hemorrhage (white arrow) along the left tentorial leaflet, demarcating the path of the bullet;
1D-F: sagittal (D), axial (E), and coronal (F) CT images showing bullet rested in the quadrigeminal cistern directly
posterior to the midbrain.

Two days later, the patient exhibited neurologic decline to a GCS score of 7T. Repeat head CT showed
worsening left cerebellar hemispheric edema with fourth ventricular and aqueductal effacement, resulting in
obstructive hydrocephalus (Figures 2A-2C). Thus, a right external ventricular drain (EVD) was emergently
placed to provide temporary cerebrospinal fluid diversion (Figure 2D).
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FIGURE 2: Repeated diagnostic imaging showing cerebellar edema,
obstructive hydroecephalus, and external ventricular drain (A-D)
2A-B: Axial CT images showing ventriculomegaly of the lateral (red arrows) and third (green arrow) ventricles
secondary to obstructive hydrocephalus; 2C: Axial CT image showing cerebral edema, mass effect, and
compression of the fourth ventricle (white arrow); 2D: Axial CT image showing postoperative placement of external
ventricular drain (EVD) (blue arrow).

Over the following two weeks, the patient exhibited slow but steady improvement in his level of
consciousness, reaching a GCS score of 12T and a nonfocal neurologic exam (spontaneous eye opening,
following commands with all four extremities, intact cranial nerves), and was thus successfully extubated.
However, following extubation, he was noted to be completely non-verbal in a presentation consistent with
cerebellar mutism.

Following a subsequently uneventful hospital course, the patient was ultimately discharged to a
rehabilitation facility. He was seen in the clinic three months after injury, where he was noted to have a
quasi-normal neurologic exam, except for a slight gait instability and residual left dysmetria, and was
remarkably fluent, speaking full sentences.

Discussion
We present a unique case of survival with a remarkable functional recovery after a GSW to the posterior
fossa, in spite of the bullet traveling through the left cerebellar hemisphere and coming in close contact with
the dorsal aspect of the midbrain. Moreover, to the best of our knowledge, this is the first-ever reported case
of cerebellar mutism resulting from a GSW to the cerebellum.

It is widely reported and agreed upon that GSWs to the head exhibit a high mortality rate. In fact, survival
rates after craniocerebral GSWs are in the range of 7-15% overall, with a nearly 90% pre-hospital mortality
rate. Among those who make it to the emergency department, mortality rates remain high, at approximately
50% [1]. Although specific outcome data on GSWs to the posterior fossa are severely lacking [2,3], it is
generally accepted that given the high density and abundance of important neurovascular structures housed
within that small intracranial compartment, severe neurologic compromise and death are often the rule with
such injuries [2]. In the largest study to date (N=15), Solmaz et al. report a mortality of 93.3% [3].

2023 Sorek et al. Cureus 15(4): e37420. DOI 10.7759/cureus.37420 3 of 6

https://assets.cureus.com/uploads/figure/file/594500/lightbox_f8309ac0cce711edac76ed61667e6d6b-COMBINED2.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


In addition to direct injury to neurovascular structures, high-velocity projectiles result in significant
shockwave and cavitation effects within the central nervous system, which accounts for the high morbidity
and mortality rates seen in this setting [4]. To account for this patient’s unlikely survival and functional
recovery, we propose that the unique trajectory assumed by the bullet through a series of biomechanically
resilient structures, including the mastoid process, petrous portion of the temporal bone, and thick tentorial
leaflet, resulted in gradual deceleration of the projectile and dissipation of its kinetic energy. Thus, by the
time it had reached the dorsal aspect of the brainstem, very little energy remained that could be transmitted
to the brainstem. In fact, the petrous bone constitutes the thickest and densest bone in the body and has
previously been shown to withstand impact forces up to 8,000N [5].

In addition to a remarkable recovery, our patient also exhibited an interesting case of cerebellar mutism.
Though cerebellar mutism has most commonly been described in the context of fourth ventricular tumor
resections, particularly when an incision is made in the vermis and in children with medulloblastoma [6],
this syndrome has only been rarely reported in the setting of trauma (Table 1) and never previously as a
result of a GSW to the head [7-12]. The exact pathophysiological mechanism of cerebellar mutism remains
unclear, though it is generally agreed upon that damage to the cerebello-cerebral pathways is a major
contributing factor [6,13-16]. Moreover, injury to the cerebellar vermis, as in the present case, has been
widely suggested as the underlying etiology, especially given that the vermis and adjacent paravermal areas
are involved in the coordination of laryngeal functions [17,18]. Interestingly, the characteristic interval of
one to five days between the insult of surgery or trauma and the onset of mutism also suggests that direct
damage to neural structures may not be the only mechanism involved such as delayed ischemia [13]. In fact,
this patient was verbal, though confused, at the time of his initial presentation, prior to endotracheal
intubation, and was only noted to have mutism two weeks later, after he was extubated. Finally, it remains
unclear whether bilateral cerebellar damage is associated with a higher risk of mutism than unilateral
damage [13,19], though, in this case, unilateral damage to the left cerebellar hemisphere and vermis was
sufficient to induce transient mutism lasting nearly two months.
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Authors

(year of

publication)

Age

(years)
Sex

Type of

Injury

Mechanism of

Trauma
CT Findings

Time to

Onset of

Mutism

Clinical

Presentation

Time to

Resolution

of Mutism

Final

Outcome

Chivet et al.

(2022) [7]
5 F Blunt

Direct posterior

cranial impact

from horse's

hoof.

Bilateral hemorrhagic contusions of the vermis and

roof of the 4th ventricle with intraventricular

hemorrhage. Injury to the cerebellar hemispheres

and inferior part of dentate nuclei.

2 days

(noted

after

extubation)

Dysarthria, global

language

repression,

irritability, apathy.

12 days

Behavioral

symptoms

lasted 3

months with

resolution.

Chivet et al.

(2022) [7]
3 F Blunt

Fell from a 2.5m

high staircase

Contusions to the right cerebellar tonsil, right

cerebellum, and right part of the 4th ventricle floor.

Injury to the right dentate nucleus.

5 days

Dysarthria and a

global regression

of language

development.

"Few

days".

Resolved

by the 1-

month

follow-up

Resolution

Lahirish et

al. (2021) [8]
8 F Penetrating

Fallen on a rod

that penetrated

the neck behind

the ear.

Right cerebellum contusion and edema. 3 days

Mute, obeying

commands, ataxic

gait.

1 month

Regained

normal

speech.

Kariyatti et

al. (2015) [9]
7 M Blunt

Fell off a

cupboard, and

the cupboard

fell on top of the

child.

Comminuted fracture of the right occiput with

cerebellar hematoma and fourth ventricle bleeding.

2 days

(noted

after

extubation)

Elective ventilation

for 48h. Mutism,

gait ataxia,

transient upper

limb weakness.

1 month

No speech,

cranial

nerve,

motor, or

cerebellar

deficits.

Fujisawa et

al. (2005)

[10]

7 M Blunt
Road traffic

accident.

Acute subdural hematoma of the posterior fossa in

the left Sylvian cistern, and mass effect of the

brainstem.

3 days

(noted

after

extubation)

Mute, following

commands.
39 days

Mild ataxia,

no cranial

nerve palsy.

Koh et al.

(1997) [11]
N/A N/A Blunt

Motor vehicle

accident.

Small contusion of the left cerebellar hemisphere

and focal hemorrhage of the left cerebellar

peduncle.

N/A Mutism N/A N/A

Yokota et al.

(1990) [12]
6 M Blunt

Struck

temporooccipital

region during a

motor vehicle

accident.

Contusion of the left temporal lobe and left

cerebellar hemisphere.
N/A Mutism N/A N/A

TABLE 1: Summary of post-traumatic cerebellar mutism cases reported in the literature
CT = computed tomography; F = female; M = male; N/A = not available

Conclusions
In this case, we report the first documented occurrence of cerebellar mutism due to a gunshot wound (GSW)
to the head, with surprisingly excellent neurological and functional outcomes. Though this case is
exceptional, a favorable prognosis and functional recovery may occur after a high-velocity penetrating
trauma to the posterior fossa. We propose that this is due to the biomechanically resilient anatomic
structures in the bullet's path, including the thick, petrous portion of the temporal bone and the leaflet of
the tentorial dura. In traveling through these structures, the high kinetic energy of the bullet projectile
dissipated during its entry and travel within the skull. As a result of this, the cavitation effect and damage
typically imposed by GSWs, especially to an area of the skull dense with important neurovascular structures,
remained relatively low.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
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info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Alvis-Miranda HR, M. Rubiano A, Agrawal A, et al.: Craniocerebral gunshot injuries; a review of the current

literature. Bull Emerg Trauma. 2016, 4:65-74.
2. Seçer M, Ulutaş M, Alagöz F, Çınar K, Yayla E: Penetrating shrapnel injuries of the posterior fossa . Eur J

Trauma Emerg Surg. 2015, 41:157-60. 10.1007/s00068-014-0481-9
3. Solmaz I, Kural C, Temiz C, Seçer HI, Düz B, Gönül E, Izci Y: Traumatic brain injury due to gunshot wounds:

a single institution's experience with 442 consecutive patients. Turk Neurosurg. 2009, 19:216-23.
4. Cybulski GR, Stone JL, Patel KJ: Sir Victor Horsley's contributions to the study and treatment of gunshot

wounds of the head. Neurosurgery. 2008, 63:808-11; discussion 811-2.
10.1227/01.NEU.0000325732.58528.86

5. Travis LW, Stalnaker RL, Melvin JW: Impact trauma of the human temporal bone. J Trauma. 1977, 17:761-6.
10.1097/00005373-197710000-00003

6. Tamburrini G, Frassanito P, Chieffo D, Massimi L, Caldarelli M, Di Rocco C: Cerebellar mutism. Childs Nerv
Syst. 2015, 31:1841-51. 10.1007/s00381-015-2803-6

7. Chivet A, Delestret I, Brodar C, Vinchon M: Cerebellar mutism syndrome in pediatric head trauma with
cerebellar injury. Childs Nerv Syst. 2022, 38:759-66. 10.1007/s00381-021-05422-2

8. Lahirish IA, Alhdad FI, Al-Sharshahi ZF, Al-Tles AM, Shmila MM, Hoz SS, Neto MR: Cerebellar mutism
following head trauma: a case report and literature review. Surg Neurol Int. 2021, 12:446.
10.25259/SNI_307_2021

9. Kariyattil R, Rahim MI, Muthukuttiparambil U: Cerebellar mutism following closed head injury in a child .
Sultan Qaboos Univ Med J. 2015, 15:e133-5.

10. Fujisawa H, Yonaha H, Okumoto K, et al.: Mutism after evacuation of acute subdural hematoma of the
posterior fossa. Childs Nerv Syst. 2005, 21:234-6. 10.1007/s00381-004-0999-y

11. Koh S, Turkel SB, Baram TZ: Cerebellar mutism in children: report of six cases and potential mechanisms .
Pediatr Neurol. 1997, 16:218-9. 10.1016/s0887-8994(97)00018-0

12. Yokota H, Nakazawa S, Kobayashi S, Taniguchi Y, Yukihide T: Clinical study of two cases of traumatic
cerebellar injury [Article in Japanese]. No Shinkei Geka. 1990, 18:67-70.

13. Catsman-Berrevoets C, Patay Z: Cerebellar mutism syndrome. Handb Clin Neurol. 2018, 155:273-88.
10.1016/B978-0-444-64189-2.00018-4

14. Robertson PL, Muraszko KM, Holmes EJ, et al.: Incidence and severity of postoperative cerebellar mutism
syndrome in children with medulloblastoma: a prospective study by the Children's Oncology Group. J
Neurosurg. 2006, 105:444-51. 10.3171/ped.2006.105.6.444

15. Akhaddar A, Belhachmi A, Elasri A, Boulahroud O, Okacha N, Elmostarshid B, Boucetta M: Cerebellar
mutism after removal of a vermian medulloblastoma in an adult [Article in French]. Neurochirurgie. 2008,
54:548-50. 10.1016/j.neuchi.2008.02.058

16. Reed-Berendt R, Phillips B, Picton S, et al.: Cause and outcome of cerebellar mutism: evidence from a
systematic review. Childs Nerv Syst. 2014, 30:375-85. 10.1007/s00381-014-2356-0

17. Erşahin Y: Is splitting of the vermis responsible for cerebellar mutism? . Pediatr Neurosurg. 1998, 28:328.
10.1159/000028673

18. Frassanito P, Massimi L, Caldarelli M, Di Rocco C: Cerebellar mutism after spontaneous intratumoral
bleeding involving the upper cerebellar vermis: a contribution to the physiopathogenic interpretation.
Childs Nerv Syst. 2009, 25:7-11. 10.1007/s00381-008-0711-8

19. Gudrunardottir T, Sehested A, Juhler M, Schmiegelow K: Cerebellar mutism: review of the literature . Childs
Nerv Syst. 2011, 27:355-63. 10.1007/s00381-010-1328-2

2023 Sorek et al. Cureus 15(4): e37420. DOI 10.7759/cureus.37420 6 of 6

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4897986/
https://dx.doi.org/10.1007/s00068-014-0481-9
https://dx.doi.org/10.1007/s00068-014-0481-9
http://www.turkishneurosurgery.org.tr/pdf/pdf_JTN_670
https://dx.doi.org/10.1227/01.NEU.0000325732.58528.86
https://dx.doi.org/10.1227/01.NEU.0000325732.58528.86
https://dx.doi.org/10.1097/00005373-197710000-00003
https://dx.doi.org/10.1097/00005373-197710000-00003
https://dx.doi.org/10.1007/s00381-015-2803-6
https://dx.doi.org/10.1007/s00381-015-2803-6
https://dx.doi.org/10.1007/s00381-021-05422-2
https://dx.doi.org/10.1007/s00381-021-05422-2
https://dx.doi.org/10.25259/SNI_307_2021
https://dx.doi.org/10.25259/SNI_307_2021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4318595/
https://dx.doi.org/10.1007/s00381-004-0999-y
https://dx.doi.org/10.1007/s00381-004-0999-y
https://dx.doi.org/10.1016/s0887-8994(97)00018-0
https://dx.doi.org/10.1016/s0887-8994(97)00018-0
https://pubmed.ncbi.nlm.nih.gov/2406638/
https://dx.doi.org/10.1016/B978-0-444-64189-2.00018-4
https://dx.doi.org/10.1016/B978-0-444-64189-2.00018-4
https://dx.doi.org/10.3171/ped.2006.105.6.444
https://dx.doi.org/10.3171/ped.2006.105.6.444
https://dx.doi.org/10.1016/j.neuchi.2008.02.058
https://dx.doi.org/10.1016/j.neuchi.2008.02.058
https://dx.doi.org/10.1007/s00381-014-2356-0
https://dx.doi.org/10.1007/s00381-014-2356-0
https://dx.doi.org/10.1159/000028673
https://dx.doi.org/10.1159/000028673
https://dx.doi.org/10.1007/s00381-008-0711-8
https://dx.doi.org/10.1007/s00381-008-0711-8
https://dx.doi.org/10.1007/s00381-010-1328-2
https://dx.doi.org/10.1007/s00381-010-1328-2

	Gunshot Wound to the Posterior Fossa With a Transcerebellar Retromesencepahlic Bullet Path, Transient Mutism, and Unexpected Functional Recovery: The Pivotal, Energy-Absorbing Function of the Petrous Bone and Tentorial Leaflet
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Initial diagnostic imaging following emergency endotracheal intubation (A-F)
	FIGURE 2: Repeated diagnostic imaging showing cerebellar edema, obstructive hydroecephalus, and external ventricular drain (A-D)

	Discussion
	TABLE 1: Summary of post-traumatic cerebellar mutism cases reported in the literature

	Conclusions
	Additional Information
	Disclosures

	References


