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Background: Traumatic pneumocephalus (TPC) following craniofacial injuries is common, but isolated TPC sec-
ondary to pneumorrhachis (PR) is the rare result of upward gas migration from the spinal canal. In the absence
of craniofacial and grossly unstable spinal fractures, the etiology of TPC in polytrauma can be elusive and an
underlying diagnosis of acute spinal cord injury (SCI) can be easily missed. We report the first polytrauma case
where TPC was the most reliable early sign of SCI.

Case Description: A 34-year-old polytrauma female with imaging findings of TPC, which was later found to be
secondary to an underlying SCI. As a focused exam could not be performed at admission, the TPC was first
attributed to undiagnosed craniofacial injuries. Tertiary survey revealed the patient being paraplegic and MRI
workup demonstrated an acute SCI at the T3-T4 level. PR was the most likely cause of TPC in the absence of
other craniofacial injuries.

Outcome: The patient did not have a meaningful recovery given the extensive hemispheric infarcts, spinal cord
injury, and respiratory failure.

Conclusions: Although uncommon, TPC may be an important radiographic sign suggesting the possibility of an
underlying SCI in polytrauma patients. especially when focused neurologic assessment is limited at admission.
Polytrauma patients with TPC and PR in the absence of coexisting craniofacial fractures require an urgent spine
consultation by the ER physician, with possible early spine MRI workup. We suggest a diagnostic algorithm for
the early identification of SCI in polytrauma patients presenting with TPC and propose considering 3 groups
which may have different risks for SCI based on their clinical presentation and the presence of PR.

Background

Pneumocephalus can occur following trauma, cranial surgeries, or
even spontaneously [1-3]. Traumatic pneumocephalus (TPC) is a fre-
quent radiographic sign of craniofacial injuries. In such cases the route
of intracranial gas entry directly involves the fracture site in the skull.
TPC can also be caused by air entering intracranially through the si-
nuses, mastoid, or other aerated air cells [4-7]. TPC in the absence of
craniofacial fractures is a much rarer occurrence and has been reported
as a possible consequence of upward gas migration from the spinal canal
[8-10].

Pneumorrhachis (PR) was first described by Newbold et al. in 1987
and is characterized by the presence of air in the spinal canal, with most
reported cases affecting the cervical and thoracic regions [10,11]. Re-
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ported etiologies of PR include iatrogenic interventions, anesthetic com-
plications, trauma, asthma, or other indolent causes [12,13]. Traumatic
PR is quite infrequent and can manifest itself on imaging as epidural,
subdural or subarachnoid gas [1,14]. Even more uncommon, craniofa-
cial fractures resulting in TPC may lead to air migration in the cranio-
caudal direction toward the spinal canal [15]. Finally, delayed PR can
manifest itself as a subarachnoid-pleural fistula in cases of spinal trauma
[12,13].

The coexistence of TPC and PR during secondary trauma survey has
been previously reported in the setting of penetrating or blunt thoracic
trauma resulting in complex skull base fractures and simultaneous spinal
fractures [5,16-18]. Similarly, various studies have hypothesized that
PR may occur due to subcutaneous emphysema, pneumomediastinum,
or pneumothorax with secondary air migration into the spinal canal
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[5,19-24]. To our knowledge, this is the first reported case of TPC with
PR caused by blunt chest trauma and no evidence of skull fractures on
imaging, or a clear pathway for air migration from the mediastinum into
the spinal canal.

Polytrauma patients presenting with TPC, with or without PR, and
without other craniofacial fractures are at a special risk of having an
undiagnosed SCI, especially when a detailed neurogical exam cannot be
obtained at admission. We here report the case of a 34-year-old poly-
trauma female who arrived in hypovolemic shock, and was found to
have a diagnosis of isolated TPC with PR during secondary survey. In
the setting of polytrauma and established shock, the patient was intu-
bated and a focused neurologic exam could not be performed. TheTPC
was initially attributed to a possible undiagnosed craniofacial fracture.
Later, the source of the PR was found to be more likely secondary to
a dural tear from an underlying spinal cord injury [25]. We propose a
diagnostic algorithm for the early identification of SCI in polytrauma
patients with TPC, based on their initial neurologic assessment and the
presence of PR. We believe this simple tool may prove valuable to spine
surgeons, especially taking into account the uncommon nature of such
type of presentation and the value of early identification of an underly-
ing SCI in this population.

I S
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Clinical presentation

A 34-year-old Caucasian female with no significant past medical his-
tory presented to the ED as polytrauma following a motor vehicle colli-
sion without signs of penetrating injuries. She was found unresponsive at
the scene for an unknown period of time following the accident and was
intubated early for airway protection. The patient arrived at the hospi-
tal in hypovolemic shock with blood pressure of 55/40 mm Hg, having
received aggressive resuscitation with a massive transfusion protocol.
Primary survey was positive for bilateral hemopneumothoraces, so the
patient underwent bilateral chest tube insertion and placement of a cen-
tral line for vasopressor administration. Her initial Glasgow Coma Scale
(GCS) was 7 out of 15, but her neurological exam was unreliable, and it
was unclear whether she had lower extremity weakness, given her shock
status and suspected unstable pelvic fractures. Following successful re-
suscitation and pelvic stabilization, the patient underwent a CT scan
of her head, cervical, thoracic, and lumbar spine. A head CT revealed
extensive pneumocephalus involving the bilateral frontal lobes, left syl-
vian fissure, left lateral ventricle, and basal cisterns (Fig. 1). However,
there was no evidence of other intracranial injuries or craniofacial frac-
tures (Fig. 2). Additional injuries sustained included a left superior pubic

N

Fig. 1. Axial CT head without contrast showing brain (A) and bone (B) windows, as well as a mid-coronal CT section (C), at the level of the basilar cisterns demon-
strating extensive pneumocephalus (red arrows) involving the peri-mesenchephalic and ambient subarachnoid cisterns. There is no evidence of other intracranial
injuries or craniofacial fractures. Mid-sagittal section of CT cervical spine without contrast (D) was negative for fractures or pneumorrhachis, but pneumocephalus

is present in the pre-medullary cistern and fourth ventricle (blue arrows).
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Fig. 2. Coronal CT of the face without contrast- bone window (A) at the level of the ethmoid sinuses and mid-sagittal CT face bone window (B) showing extensive
pneumocephalus in the bilateral frontal lobes (red arrow), left sylvian fissure (blue arrow), and the left lateral ventricle (green arrow). There is no evidence of

craniofacial or skull base fractures.

Fig. 3. A coronal section of the CT of the cervical spine (A), sagittal section of the thoracic spine CT (B), and a coronal section of the thoracic spine CT (C) revealed
a T3 hairline fracture extending from the anterior cortex to the inferior endplate. It was possible to verify a subtle finding of pneumorrhachis at the level of T2 in
Figure B (green arrow). The presence of gas adjacent to the paraspinal muscles and facet joints on the left side in Figure C (red arrow) was initially attributed to the

bilateral pneumothoraces and previous chest tube insertion.

ramus fracture, and sacral insufficiency fractures. Initial spine CT-scans
revealed a line of fracture at T3 extending from the inferior endplate
to the anterior cortex with minimal height loss. The presence of subtle
PR was observed (Fig. 3B). Initial CT further did not reveal any signs of
gross instability or facet joint involvement with preserved interspinous
process distance.

Management
Within 24 hours, during tertiary survey, the patient was eventually

found to be paraplegic, and therefore, a spine consultation was placed.
Mean arterial pressure augmentation (MAP) was initiated for suspected

spinal cord injury. An urgent spine MRI was performed which revealed
signs of significant cord disruption along with severe compression of the
spinal cord at the level of T3/T4. PR was obvious on repeat imaging,
now extending from spinal levels C1 down to T6 (Fig. 4). The anterior
longitudinal ligament was intact, the posterior longitudinal ligament
was disrupted by a disk fragment which extruded into the spinal canal,
the interspinous ligament between T3 and T4 and ligamentum flavum
was also disrupted. The MRI also revealed that the facet joints were
intact.

The patient was scheduled to undergo posterior spinal instrumented
fusion for stabilization and remained intubated in the ICU for continued
hemodynamic support. On hospital day 3, the patient further deteri-
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Fig. 4. Mid-sagittal T1(A) and T2(C) sequences of the thoracic spine MRI without contrast, and axial cut of T2 sequence at the T3 level (B) suggestive of acute spinal
cord injury (red arrow). Pneumorrhachis is also seen extending down to spinal level T6 (blue arrows).

orated neurologically, and a repeat head CT without contrast showed
extensive bilateral hemispheric infarcts with diffuse cerebral swelling.
Given concerns for vascular injury, a CT angiogram of the head and
neck was performed, which revealed bilateral internal carotid artery
dissection resulting in extensive thrombosis and bilateral middle cere-
bral artery territorial infarcts with patent intracranial internal carotid
arteries, presumably from collaterals. Appropriate management steps
were taken by the neurosurgical, neurological, trauma, spine, stroke,
and orthopedic specialty teams, including hemodynamic support, opti-
mal sedation, MAP augmentation, placement of an intracranial pressure
monitor, and seizure prophylaxis. From hospital days 4-9, changes in
the neurological exam were closely monitored. She did not have a mean-
ingful neurologic improvement. The risk of hemorrhagic transformation
with acute stent-assisted reperfusion and use of anti-platelet agents was
also high. Given the extensive hemispheric infarcts, acute spinal cord
injury, respiratory failure despite adequate mechanical ventilation, and
low probability of a meaningful functional recovery, discussions were
held with the family regarding the goals of care. Her family reached
the decision to withdraw intensive treatment and enter palliative care.
On hospital day 10, the patient was transitioned to comfort care and
ultimately passed away.

Discussion

TPC is a rare complication of thoracic trauma [10-14]. It can be
caused by air migrating from the spinal canal to the intracranial com-
partments and, therefore, be a secondary manifestation of traumatic PR
[15]. TPC in trauma can coexist with PR, in the presence or absence of
underlying craniofacial fractures [8-10]. The diagnosis of SCI in poly-
trauma patients with TPC may be elusive when there are no evident
craniofacial or other grossly unstable spinal fractures. In the presented
case, the patient had acute SCI, subtle PR, and TPC as the initial finding
during her secondary survey. This case demonstrates how TPC in poly-
trauma patients, especially in the absence of craniofacial fractures that
could explain the intracranial gas source, should immediately alert the
emergency physician for early spine workup due to the possibility of an
etiology involving PR and acute SCI.

Although our patient had a line of fracture on T3, there were no
signs of posterior cortex involvement which might explain the PR and
TPC. In our case, the acute spinal cord injury was likely associated with a
dural tear, conceivably due to the high amount of energy from the initial
impact leading to an associated pleural violation, pneumothorax and
air migration initially to the spinal canal and subsequently to the skull
[12].

Allard et al. reported the only previous case of TPC with PR as iden-
tified in the CT-scan and without spinal fractures. The authors suggested
the migration of air into the spinal canal was due to subcutaneous em-
physema and a pleural hernia. The use of CT scans to diagnose TPC
and PR in the setting of penetrating injury to the spine has also been
previously reported [10]. Finally some authors have already previously
suggested the use of MRI for patients with PR if the initial neurological
examination is suggestive of underlying SCI [26]. In our patient, PR was
mostly evident on MRI which also clearly demonstrated the previously
masked thoracic spinal cord injury.

As this is an extremely rare phenomenon, there is no current diag-
nostic algorithm for identifying those polytrauma patients with TPC or
PR which may be at high risk of SCI and, therefore, may deserve early
MRI imaging [8-10]. Assessing for clinical signs of SCI may be challeng-
ing in polytrauma patients, especially in the presence of pelvic or lower
extremity fractures, or overt shock. In the presented case, although ini-
tially attributed to underlying craniofacial fractures, TPC was the only
early sign of SCI and a possible dural tear which, in the absence of a re-
liable neurological exam, could have suggested SCI. Due to the rare and
unreported nature of such a finding, we believe that there is a signifi-
cant value to report this event so that future healthcare providers may
more promptly recognize TPC in the absence of craniofacial injuries as
a potential sign of spinal cord injury.

Diagnostic algorithm

We propose a diagnostic algorithm for the early identification of
spinal cord injury in TPC polytrauma patients with, or without, coexist-
ing PR (Fig. 5). Initially, after successful resuscitation and completion
of the primary trauma survey, a full body CT should be conducted as
usual. We identified 3 distinct TPC trauma group categories with pos-
sible different risks for spinal cord injury, based on their initial neu-
rologic assessment and the presence of PR. TPC patients with cranio-
facial fractures, but no PR, could be considered as low risk for SCI.
We propose that TPC patients with PR and coexisting skull fractures
with a normal neurological exam, and polytrauma patients with TPC
but without PR in the absence of craniofacial fractures and an intact
neurologic exam, could be considered as having an intermediate risk
group of SCI. For this category, an early spine consultation should be
considered by the emergency physician soon after completion of the sec-
ondary survey. We propose that all TPC patients with PR in the absence
of craniofacial fractures on imaging, as well as all TPC patients with
PR and underlying skull fractures with an unreliable neurologic exam
should be considered high risk for SCI (Fig. 5). Our patient would have
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Polytrauma with head injury

Primary survey

A4 A 4

Hemodynamically stabilize | 3| Secondary survey

(Full body CT)

+TPC

h 4

Further investigate

intracranial gas source

v v
Craniofacial fractures present Craniofacial fractures absent
-PR | +PR +PR } -PR
Focal deficits Ves** High risk for SCI | Yes* Focal deficits
v present? present?
Low risk for SCI NG o
v v
Intermediate Early spine MRI Intermediate
risk for SCI risk for SCI
v

Emergent spine

consult

* Yes or unreliable neurological exam

Fig. 5. A suggested algorithm for the early identification of spinal cord injury (SCI) in polytrauma presenting with pneumocephalus in the absence of coexisting
spinal fractures. We identified 3 distinct groups of patients with polytrauma and traumatic pneumocephalus (TPC) with possible different underlying risk for SCI,
based on their initial neurologic assessment and the presence of pneumorrhachis (PR) on imaging. After stabilizing patients during primary trauma survey, a full body
CT revealing traumatic pneumocephalus would suggest further investigation to identify the intracranial source of the air. In the presence of craniofacial fractures and
in the absence of PR, the intracranial gas source is most likely at the fracture site. The presence of PR and focal deficits or an unreliable neurological exam should raise
a high suspicion for further investigation. TPC patients with craniofacial fractures, but no PR, should be considered as low risk for SCI (left). TPC patients with PR
and coexisting skull fractures but a normal neurologic exam, as well as polytrauma patients with TPC but without PR in the absence of craniofacial fractures (right)
and with an intact neurologic exam, should both be considered as the intermediate SCI risk group. For the intermediate group category, an early spine consultation
should be considered. All TPC patients with PR in the absence of craniofacial fractures on imaging and all TPC patients with PR and underlying skull fractures but
an unreliable neurological exam (middle) should be considered high-risk patients. In these patients urgent MRI should be considered by the trauma team or ED
physician even before the spine team is contacted. Our patient was included in the high-risk TPC trauma category since she presented with PR but an unreliable
exam (right); the inability to perform a focused assessment at presentation together with the absence of other spine fractures on imaging masked the diagnosis of
underlying SCI. Therefore, we advocate that such type of patients with TPC without PR at the initial evaluation but also without any craniofacial injuries which may
justify the TPC and with an unreliable neurological exam should also be included in the high-risk group for SCI. In these patients early MRI may play an importat
role in expediting surgical treatment for the SCI. TPC, traumatic pneumocephalus; PR, pneumorrhachis; SCI, spinal cord injury.
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been classified as high-risk due to the inability to perform a focused
neurological assessment at presentation and the presence of TPC and
PR. Lastly, the most challenging subgroup of TPC polytrauma patients,
which we believe should also be included in the high-risk group, is com-
posed of TPC patients without initial PR but an unreliable neurological
exam.

By utilizing the proposed algorithm, emergency physicians and
trauma surgeons can better stratify polytrauma patients with TPC re-
garding the underlying risk of SCI. Adoption of the proposed algorithm
may lead to the early diagnosis of SCI, maintenance of spinal precau-
tions, immediate initiation of MAP augmentation protocol, early com-
pletion of MRI and early involvement of spine surgery teams, and, in pa-
tients who can tolerate, earlier surgical intervention, all of which could
increase the chances of a meaningful neurological recovery.

Conclusions

It is not uncommon for polytrauma patients to present with TPC.
Spine surgeons, ED physicians and trauma surgeons should be aware
that, in some cases, TPC may be the only sign of spinal cord injury, es-
pecially in the setting of a polytrauma patient without a reliable neuro-
logic assessment. We suggest that all isolated TPC trauma patients with
PR in the absence of coexisting craniofacial and spinal fractures should
initially be considered as high-risk for SCI; early MRI should also be
considered by emergency physicians and trauma surgeons and spine sur-
geons should be consulted. Ultimately the most challenging polytrauma
group is probably those patients with isolated TPC without PR and an
unreliable physical exam, a scenario in which an underlying SCI diag-
nosis can still be easily missed.

Patient informed consent statement

Complete written informed consent was obtained from the patient’s
family for the publication of this study and accompanying images.
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