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Abstract

Pneumorrhachis (PR) is defined as presence of free air in the spinal canal. Trau-
matic PR is very rare, and its exact incidence and pathogenesis is unknown. A
comprehensive literature search was performed using the PubMed, Cochrane
Library, Google Scholar and Scopus databases to identify articles relevant to
traumatic PR published till January 2023. A total of 34 resources were selected for
inclusion in this narrative review. Traumatic PR can be classified anatomically
into epidural and intradural types. In the epidural type, air is present peripherally
in the spinal canal and the patients are usually asymptomatic. In contrast, in
intradural PR, air is seen centrally in the spinal canal and patients present with
neurological symptoms, and it is a marker of severe trauma. It is frequently
associated with traumatic pneumocephalus, skull fractures or thoracic spine
fracture. Computed tomography (CT) is considered to be the diagnostic modality
of choice. Epidural PR is self-limited and patients are generally managed conser-
vatively. Patients with neurological symptoms or persistent air in spinal canal
require further evaluation for a potential source of air leak, with a need for
surgical intervention. Differentiation between epidural and intradural PR is
important, because the latter is an indication of severe underlying injury. CT
imaging of the entire spine must be performed to look for extension of air, as well
as to identify concomitant skull, torso or spinal injuries Most patients are asymp-
tomatic and are managed conservatively, but a few may develop neurological
symptoms that need further evaluation and management.

Key Words: Pneumorrhachis; Trauma; Intraspinal air; Spinal emphysema
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Core Tip: Traumatic Pneumorrhachis (PR) is defined as presence of free air in the spinal canal, and is very rare. Differen-
tiation between epidural and intradural PR is important, because the latter is an indication of severe underlying injury.
Computed tomography imaging of the entire spine must be performed to look for extension of air, as well as identify
concomitant skull, torso or spinal injuries. Most patients are asymptomatic and are managed conservatively, but a few may
develop neurological symptoms that need further evaluation and management.

Citation: Pothiawala S, Civil I. Narrative review of traumatic pneumorrhachis. World J Crit Care Med 2023; 12(5): 248-253
URL: https://www.wjgnet.com/2220-3141/full/v12/i5/248.htm
DOI: https://dx.doi.org/10.5492/wjccm.v12.i5.248

INTRODUCTION

Pneumorrhachis (PR) is defined as presence of free air in the spinal canal. The term was coined by Newbold et al[1] in
1987, but the pathology was first described by Gordon in 1977[1,2]. The etiology of PR could be iatrogenic, non-traumatic
or traumatic[3]. Iatrogenic causes include lumbar puncture, epidural anesthesia or spinal surgery. Non-traumatic causes
include violent coughing or vomiting, spinal dural arteriovenous fistula, gas-producing infections, epidural abscess,
malignancy, radiotherapy or drug use[4-6].

Traumatic PR is very rare, and its exact incidence is not known[7]. It has been mainly described in the radiology and
spine surgery literature, and the emergency medicine specialists are less familiar with this rare presentation. This clinical
review discusses the etiology, pathogenesis and management of traumatic PR.

METHODOLOGY

A comprehensive literature search was performed using the PubMed, Cochrane Library, Google Scholar and Scopus
databases to identify articles and case reports relevant to traumatic PR published till January 2023. The following search
terms were used: “traumatic pneumorrhachis”, “spinal emphysema”, “epidural emphysema”, “intraspinal air”, “spinal
pneumatosis” and “pneumomyelogram”. Studies published in English were included, and the reference lists of relevant
articles were also searched. A total of 34 resources were selected for inclusion in this narrative review. Of these, there was
1 systematic review, 2 retrospective studies, 2 narrative reviews and 29 case reports/series. Publications due to non-

traumatic or iatrogenic causes were excluded from this review.

DISCUSSION

Classification and etiology

Traumatic PR is very rare. Blunt trauma accounted for 80% of cases of traumatic PR, while the remaining were secondary
to penetrating trauma. PR can be classified anatomically into epidural and intradural (subdural/subarachnoid) types,
based on location of air in the spinal canal. In the epidural type, air is present peripherally in the spinal canal (Figure 1),
while in intradural PR, the air is seen centrally within the spinal canal in the subarachnoid space[8].

There was no correlation between the type of PR and the mechanism of injury, with 60%-65% of the traumatic PR cases
being epidural PR, and the remaining 35%-40% cases had intradural PR[4]. Traumatic PR is often localized to isolated
cervical, thoracic or lumbar regions, but there are have been limited case reports of PR in two contiguous spinal regions,
or even along the entire spinal canal[3].

The location of air within the spinal canal depends on the site of injury causing the air leak, volume of air, capacity of
the intraspinal space, and patient position. In epidural PR, air usually collects in the posterior epidural space as result of
reduced resistance from the connective tissue, compared to the rich vascular network in the anterior epidural space[9].
But epidural air can also be present in the anterior or lateral epidural space (Figure 2).

There has been a reported case of PR secondary to penetrating spinal injury without an associated skull fracture[10]. In
absence of penetrating injury, it can be seen in patients with head injury and basal skull fracture, likely secondary to
accompanying tear in the dura mater[11]. PR was reported in a paediatric patient with associated T3 spine fracture,
highlighting the need for evaluation for occult spinal fractures in patients without a clear etiology of PR[12]. The presence
of traumatic PR is associated with significant injury of the skull, chest, abdomen, pelvis or spine[13], and the patient may
have concomitant pneumocephalus, pneumothorax, pneumomediastinum, or subcutaneous emphysema.

Pathophysiology

The exact pathophysiology of traumatic PR is not known. One of the possible mechanisms is that in patients with base of
skull fracture, air in the cranial cavity (pneumocephalus) extends inferiorly through the foramen magnum in the spinal
canal leading to PR[14]. In patients with pneumothorax or pneumomediastinum, air migrates along fascial planes of
mediastinum into the epidural space through the neural foramina alongside the neurovascular bundle. Due to lack of a
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Figure 1 Sagittal computed tomography scan demonstrating peripheral pneumorrhachis in the spinal canal from the level of C3 to C7
(marked by arrows), suggestive of epidural pneumorrhachis.

DOI: 10.5492/wjccm.v12.i5.248 Copyright ©The Author(s) 2023.

Figure 2 Axial computed tomography scan demonstrating epidural pneumorrhachis (marked by arrows) in the anterior spinal canal, left
lateral spinal canal and both anterior and lateral part of spinal canal. A: Anterior spinal canal; B: Left lateral spinal canal; C: Both anterior and lateral
part of spinal canal.

fascial barrier between the posterior mediastinum and the spinal canal, air can enter the epidural space without any
significant trauma to the surrounding structures[15,16]. Another proposed theory is entry of air in the epidural venous
plexus due to embolization of small mediastinal veins[3]. It could also occur due to dural tear following blunt trauma to
the trachea or the lungs[17,18]. Air can reach the spinal canal via the intervertebral veins which anastomose with the
lumbar veins which are damaged due to pelvic fracture[19,20]. Hollow viscus injuries, like oesophageal perforation
associated with cervical spine fractures, or duodenal or jejunal rupture after seat belt injuries and associated spine
fracture can also result in PR[21,22]. There has also been a report of intradural PR secondary to subarachnoid- pleural
fistula after blunt thoracic trauma[23].

Clinical presentation

Although challenging, it is important to differentiate between epidural and intradural PR, because the etiology,
pathogenesis and clinical presentations are different[15]. Epidural PR is relatively less common, and is associated with
traumatic pneumothorax, pneumomediastinum or subcutaneous emphysemal[24]. These patients are usually
asymptomatic, with only two cases reported in the literature who suffered from neurological deficits[25]. In contrast,
intadural PR is frequently associated with traumatic pneumocephalus, skull fractures or thoracic spine fracture, and is a
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marker of severe trauma. These patients often experience associated neurological symptoms like radicular pain, limb
weakness, paraesthesia, and sphincter dysfunction. Some authors suggest that the presence of PR with neurological
deficit suggests a focal spinal instability due to an initial fracture-dislocation which reduced spontaneously[14,26,27].
These patients may suffer from potential complications such as tension pneumocephalus or meningitis[28]. Although
tension PR has not been reported in trauma patients, intraspinal air can be trapped in the spinal canal due to a one-way
valve mechanism, leading to increased pressure, which in turn causes progressive worsening of the neurological deficits.

Diagnosis

The majority of the cases of traumatic PR are asymptomatic, thus making its clinical diagnosis extremely challenging. It is
usually diagnosed incidentally during radiological evaluation for other injuries[4]. On plain radiography, PR appears as a
linear lucency along the spinal canal in the lateral views of cervical and thoracic spine or chest radiographs. It has a
sensitivity of about 48% and is only able to detect large volume PR[29]. Computed tomography (CT) is considered to be
the diagnostic modality of choice, with a sensitivity of 100%[11]. Even on CT scan, it may sometimes be difficulty to
differentiate between intradural and extradural PR, and additional testing with magnetic resonance imaging or
intrathecal contrast CT can help in this differentiation[8,29].

Management

As the incidence of traumatic PR is rare with varied underlying etiology, there are no definitive guidelines for its
management, and the current management strategies are based on individual case reports[30]. Upon identification of this
condition on the initial CT scan, PR is usually managed conservatively if patients are asymptomatic. Traumatic PR
usually resolves spontaneously in 96% of the cases[4]. However, the patient requires monitoring for development of any
new neurological symptoms[30]. There is no indication for repeat imaging as air in the spinal canal absorbs spontan-
eously in majority of the patients.

If PR is detected, the physician should evaluate the patient for major underlying injuries such as base of skull fracture,
pneumocephalus, pneumothorax, pneumomediastinum or hollow abdominal viscera[4]. Also, in a rare instance, if the
patient develops neurological symptoms or signs of raised intracranial pressure, further evaluation for a potential source
of air leak is needed. Early surgical or neurosurgical consultation for surgical intervention may be required in these
patients to treat the underlying causes of traumatic PR. Routine use of prophylactic antibiotics with an aim to prevent
meningitis in these patients is not recommended in both epidural and intradural PR[4,13]. Rarely, traumatic PR can serve
as a potential entry point for infection in the spinal canal, and antibiotics should be initiated if the patient shows any signs
or symptoms of systemic infection (meningitis) or sepsis[5].

Epidural PR is generally benign and self-limiting, and the air gets spontaneously reabsorbed into the blood without
any recurrence. Patients are generally managed conservatively, and they recover without any neurological sequelae[4,
31]. The management of epidural PR depends on management of the underlying cause like pneumothorax or pneumo-
mediastinum. In the case of traumatic pneumothorax, the patient may need to be undergo chest tube insertion or surgery
in case of persistent air leak[32].

Presence of intradural/subarachnoid air in the spinal canal is a marker of concomitant major trauma like base of skull
fracture, spinal fracture, or lung or hollow abdominal viscus injury[32]. These cases need to be referred promptly to the
relevant specialty like neurosurgery or cardio-thoracic surgery for definitive management of the associated serious
injuries. Persistent cerebrospinal fluid leak can be treated by repair of dural tears or placement of a lumbar spinal catheter
[12]. Intradural PR may be complicated by tension pneumocephalus and meningitis[33]. Tension PR can occur rarely due
to the unidirectional valve mechanism, wherein the air can occupy a significant portion of the intradural space increasing
the intraspinal pressure, and by extension leading to raised intracranial pressure as well[27]. This can lead to increasing
pain or development of neurologic deficits in the patient, requiring urgent treatment by neurosurgery or interventional
radiology, with interventions such as air decompression using a Tuohy needle, surgical decompressive laminectomy or
repair of the dural tear[34].

CONCLUSION

Traumatic PR is a rare phenomenon, often found incidentally on CT scan. Differentiation between epidural and
intradural PR is important, because the latter is an indication of severe underlying injury, with potential complications of
tension pneumocephalus or meningitis. CT imaging of the entire spine must be performed to look for extension of air, as
well as identify concomitant skull, torso or spinal injuries. Traumatic PR is usually self-limiting, with most patients being
managed conservatively, but a few may develop neurological symptoms that need further evaluation and management.
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