
Transorbital penetrating head injury with a favorable outcome: illustrative case

Laura-Nanna Lohkamp, MD, MSc,1 Stephanie Holowka, MRT(MR),2 Elysa Widjaja, MD, PhD,2 Arbelle Manicat-Emo, RN(EC), MS, NP,1

and James T. Rutka, MD, PhD1

1Division of Neurosurgery, Department of Surgery, and 2Department of Diagnostic Imaging, Hospital for Sick Children, Toronto, Ontario, Canada

BACKGROUND Transorbital penetrating head injuries (PHIs) are uncommon but can lead to substantial deficits, depending on intracranial
involvement and the neuroanatomical structures affected. Complete recovery after such injuries is rare.

OBSERVATIONS A 7-year-old boy sustained a PHI when he fell onto a garden spike while climbing a fence. Initial imaging showed an orbital roof
fracture, focal subarachnoid hemorrhage, and an intraparenchymal hemorrhage in the right frontal lobe with associated linear tract extending to the
contralateral superior temporal gyrus. Relevant neuroanatomical structures, including the anterior cerebral arteries (ACAs) and the basal ganglia, were
spared. This is in keeping with superior transorbital PHI caused by a garden spike, which had transgressed the skull entering from the right superior
orbit. Clinically, he experienced some transient right-sided weakness and mild speech disturbance. Some questionable vasospasm of the ACAs
observed on interim magnetic resonance imaging was absent in a repeat imaging study, followed by an unremarkable radiographic follow-up at
6 months after injury. At 18 months after injury, he is neurologically intact without deficit.

LESSONS Most PHIs bear serious lifelong consequences, but here was a case of a deep, penetrating object that managed to avoid all significant
neuroanatomical pathways, leading to complete recovery in follow-up.

https://thejns.org/doi/abs/10.3171/CASE22440
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Transorbital penetrating head injury (PHI) represents a small
percentage of all head injuries (0.4%)1 but accounts for up to 24%
of PHIs in adults and 45% in children.2,3 Several cases with various
objects penetrating different intracranial compartments have been
described.4–7 Depending on the type of object, mechanism of injury,
and neuroanatomical structures affected, most of these injuries re-
sult in significant morbidity and mortality.8–10 We present a case of
transorbital PHI in a child with a highly favorable outcome and dis-
cuss it in the context of previously reported injuries with relevant im-
plications for diagnosis and treatment.

Illustrative Case
A 7-year-old boy sustained a PHI when he fell onto a garden

spike while climbing a fence. Immediately after the fall and after ex-
tricating himself from the spike, he was reported by his mother with
slurred speech but no loss of consciousness. He presented with

right eye contusion, periorbital swelling, and abrasion below the
right eyebrow (Fig. 1). The finding of his neurological examination
was unremarkable except for mild dysarthria and some minor right-
sided weakness. Initial imaging with computed tomography (CT) fol-
lowed by CT angiography (CTA) showed an intraparenchymal hem-
orrhage in the right frontal basal lobe with associated linear tract
extending from the posterior aspect of the hematoma to the left pa-
rietal lobe through the genu of the corpus callosum, left globus pal-
lidus, anterior limb of the internal capsule, and left posterior insula,
as well as a right orbital roof fracture and focal subarachnoid hem-
orrhage (SAH) (Figs. 2 and 3). This is in keeping with a PHI caused
by the garden spike, which had transgressed his right orbit on top
of his globe, pierced the bony superior orbital roof, bypassed the
anterior cerebral arteries (ACAs), narrowly missed the posterior limb
of the internal capsule, and ended up on the contralateral side in
the left superior temporal gyrus (Figs. 4 and 5). Ophthalmological
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examination did not reveal any visual impairment but disclosed mi-
nor subconjunctival hemorrhage. He was admitted for observation
and treated with a prophylactic 5-day course of antibiotics (merope-
nem and amphotericin), given the contact of the foreign body with
plants and potentially soil. His vaccinations were up to date, includ-
ing tetanus. He underwent follow-up CT/CTA 8 hours after the first
imaging, which showed a stable focus of intraparenchymal hemor-
rhage in the right basal frontal lobe. Magnetic resonance imaging

(MRI) revealed some questionable vasospasm of the ACAs, but this
was absent on a repeat MRI study, which was obtained before
discharge. His clinical and radiographic follow-up at 6 months after
injury with CT/CTA was unremarkable. At his last follow-up 18 months
after injury, he was doing well, reporting very occasional headaches but
otherwise denying any concerns with learning capabilities in school.
The neurological examination was uneventful, with his speech back to
baseline before the accident. He was discharged from clinical follow-up
at that time.

Discussion
Observations

Transorbital PHIs are rare; however, they have been reported re-
peatedly in the literature, predominantly in children.7,11,12 Different
mechanisms of injury as well as various types of penetrating ob-
jects have been associated with variable outcomes and implica-
tions.2,13–16 The direction and velocity of the penetrating foreign
body will determine its trajectory and subsequently the extent and
severity of injury, based on the neuroanatomical structures passed.5

However, the most significant complications and long-term conse-
quences result from primary neurovascular damage followed by re-
lated secondary neurological injury, including hemorrhage and
ischemia. These latter ones are the major determinants of clinical
deterioration and death in patients with PHI.17 Bodanapally et al.18

investigated the risk factors for an intracranial arterial injury in PHI
and identified a trajectory in proximity to the circle of Willis as the
best predictor of injury (odds ratio 6.8; and p 5 0.005) besides an
entry wound over the frontobasal-temporal region, a bihemispheric
wound trajectory, and presence of SAH. On the basis of these

FIG. 1. Photographs illustrating the traumatizing object, a garden spike
(arrowheads, A), which penetrated the right orbit of the patient, who
presented with bruising, periorbital swelling, and a right-sided abrasion
below the eyebrow (arrows), indicating the entry point of the garden
spike (B).

FIG. 2. CT bone window showing a displaced fracture of the roof of the right orbit, with the fracture fragment (arrows) angulated superiorly toward the right
basal frontal lobe (A and B). Axial (C–E) and sagittal (F–H) CT scans showing intraparenchymal hemorrhage in the right basal frontal lobe with linear ex-
tension (arrowheads) to the anterior limb of left internal capsule and left posterior insula. Findings suggest penetrating injury through the roof of the right or-
bit, extending across the right basal frontal lobe to the left internal capsule. In the contrast-supported CTA (I and J), the intraparenchymal hemorrhage
(asterisks) is close to the ACAs (arrows). The intracranial branches of the internal carotid, basilar, and vertebral arteries are patent without signs of signifi-
cant narrowing or intracranial dissection.
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predictors, our patient was at highest risk for vascular injury and
underwent early CTA followed by magnetic resonance angiography.
Luckily, his ACAs were missed by the garden spike and remained
intact. Also, other delayed complications, such as vasospasm, trau-
matic intracranial aneurysms, or dissections, were eventually ex-
cluded during his follow-up. Given the high complication, morbidity,

and mortality rates from neurovascular injuries, a precise and thor-
ough vascular work-up is mandatory in PHI, especially after transor-
bital penetration due to the proximity of the internal carotid artery
and the ACA.

Another outcome-determining factor of PHI is the risk of infection.
Many case reports have described PHIs complicated by cerebral

FIG. 3. Axial T1-weighted MRI (A–D) and susceptibility-weighted imaging (E–I) showing the intraparenchymal hemorrhage (asterisks) in the right basal
frontal lobe with associated linear tract (arrowheads) extending from the posterior aspect of the hematoma to the left temporal lobe through the genu of the
corpus callosum, left pallidum, anterior limb of internal capsule, and left posterior insula. This is in keeping with a penetrating injury through the right orbit.

FIG. 4. Three-dimensional (3D) reconstruction of the patients’ skull and injury tract using the BrainLAB planning software.
Rotatory image revealing the 3D anatomical association among the trajectory of the penetrating object, the orbit with its entry
point, and the bypassed intracerebral vasculature (A). Axial T2-weighted MRI with visualization of the left internal capsule
(red outline, B), indicating the relative localization of the trajectory of penetrating trauma to its posterior limb. Blood products
involve the genu and anterior part of the posterior limb and also can be seen adjacent to the posterior limb of the internal
capsule (B) with additional 3D reconstruction (C).
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infections in the form of meningitis or abscess formation caused
by retained or missed foreign bodies.1,19–22 Sometimes injuries
may appear trivial and are not accompanied by neurological
signs initially. Especially in these cases, a thorough search using
accurate imaging modalities with exploration for orbital fractures
or retained foreign bodies is crucial.19 A recommendation for the
use of antibiotics in PHI, suggesting preventive antibiotics for
5 days as soon as possible after the injury along with human anti-
tetanus immunoglobulin (250–500 IU intramuscularly) for patients
whose vaccination status is not updated, has been reported.23

Treatment for manifest cerebral infections should follow the stand-
ards as per infectious disease guidelines and should be initiated
immediately in addition to appropriate surgical exploration.23 Accord-
ingly, our patient underwent a 5-day course of meropenem and am-
photericin. Given that the foreign object was a garden spike, antifungal
treatment was briefly discussed but was not considered indicated. His
vaccination status was up to date.

Overall, we describe a most fortuitous case of a child with
transorbital PHI, which remained uncomplicated and in which full
recovery was achieved. The uniqueness of our case refers to the
type of penetrating object, as well as to its exceptional intracere-
bral trajectory, bypassing all neurofunctional and vascular struc-
tures and leaving the patient unharmed. It would be hard to
imagine creating a similar trajectory of a penetrating object even
with the aid of frameless stereotaxy or robotic guidance at the
same angle and to the same intracranial depth that would similarly
leave a patient neurologically intact as in the case presented. The
use of three-dimensional neuroimaging by CT and advanced
MRI sequences enabled us to carefully reconstruct the pathway
of the penetrating object and the neuroanatomical structures that
were potentially at risk. Despite a few other cases being reported
with a similarly good outcome,12,24,25 we consider this case illus-
tration an important reminder for comprehensive diagnostics
during admission and close follow-up for vascular or infectious
complications.

Lessons
Most penetrating injuries such as this will have serious lifelong

consequences, but here was a case of the passage of a penetrat-
ing object that traversed the midline and managed to avoid all sig-
nificant neuroanatomical pathways, leading to complete recovery in
follow-up. Relevant outcome-determining factors are early adequate
vascular imaging to rule out vascular injury as well as foreign body
retrieval along with antibiotic prevention of early and delayed
infections.
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