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Rapid disappearance of pneumorrhachis after chest tube placement
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ABSTRACT

Introduction: We present a rare case of traumatic pneumorrhachis with the combination of hemothorax which resolved rapidly after insertion of a chest tube.
Case presentation: A 55 year old male was admitted to our emergency department after falling from a ladder. His general condition was well, GCS was 15 with no
motor deficits. On his spinal CT a fracture on multiple ribs leading to right sided hemothorax was observed with air in the T6-T8 spinal canal. A chest tube was placed
and as he did not have any neurological deficits surgical intervention to the pneumorrhachis was not considered. On the next day's a follow-up CT the air in the spinal
canal was reduced and on the 5th day resolved completely.
Conclusion: Traumatic pneumorrhachis is a rare phenomenon and is not fully understood how the air from the posterior mediastinal wall can spread to the epidural
or subarachnoid space. One hypothesis for subarachnoid air is that the high pressure air from a pneumothorax or pneumomediastinum pushes in a one-valve
mechanism through the fascial layers of the posterior mediastinum through the neural foramina into the spinal canal. In our case, after the insertion of the chest tube
the air in the subarachnoid space resolved and the patient's tingling sensation on his legs disappeared. We believe that the negative pressure of the chest tube did a
somehow reverse effect of the air flow back from the spinal canal into the chest tube which has not been reported in the literature before.

1. Introduction

2. Case presentation

Despite being a rare phenomenon, the nomenclature of the presence
of air in the spinal canal varies through the literature. Pneumocele,1
epidural or subarachnoid pneumatosis2 spinal and epidural emphysema,3 pneumosaccus4 pneumo- or air myelogram5 or pneumomyelography6 are synonyms for pneumorrhachis which was first described by
Newbold et al., in 1987.7 It may occur in the epidural or subarachnoid
space and can be divided into three groups based on its etiology. Iatrogenic pneumorrhachis, being the most common mainly occurs due to
epidural injections,8 whereas non-traumatic pneumorrhachis is often
secondary to spontaneous pneumothorax,3 pneumomediastinum9 and
in some patients with severe degenerative disc disease causing the vacuum phenomenon,10,11 or infectious gas-producing organisms.12 Air in
the spinal canal secondary to trauma is very rare and mainly occurs
after the air of traumatic pneumothorax or pneumomediastinum pushes
through the fascial layers of the posterior mediastinum into the epidural
or subarachnoid space or direct influx of air secondary to a penetrating
trauma.13 As air in the epidural space is often benign and can be treated
conservatively, subarachnoid air is more severe and can lead to pneumocephalus, meningitis or neurological deficits.14
We present a rare case of traumatic pneumorrhachis with the
combination of hemothorax which resolved rapidly after insertion of a
chest tube.

A 55-year-old male construction worker was admitted to our
emergency department after falling from a 3-m ladder. His general
condition was well, Glasgow Coma Scale was 15, pupils were isochoric
and he had no motor deficits. His blood pressure was 140/80 mmHg
with light tachypnea. The patient complained of right sided chest and
back pain and a tingling sensation on both legs. A vertebra fracture with
possible spinal compression was suspected at first but on his spinal CT,
no vertebra fractures but multiple ones on ribs leading to right sided
hemothorax were observed. A T6-T8 hypodensity in the subarachnoid
spinal canal was detected with a Hounsfield unit of −900 (Fig. 1)
which was indicating to be air and confirmed with a MRI scan (Fig. 2).
A chest tube was placed due to his hemothorax and the patient was
transferred to the surgery ward for further investigation. As he did not
have any neurological deficits surgical intervention to the pneumorrhachis was not considered. Routine hourly physical examinations were
performed in case the patient developed motor or sensory deficits and
needed surgical exploration. The patient stated that the tingling sensations were gone after the chest tube was placed. On the next day a
follow-up CT was scheduled and the air in the spinal canal and hemothorax was reducing (Fig. 3) and on the 5th day it was resolved
completely (Fig. 4). The patient was discharged from hospital the 8th
day without any major complaints.
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Fig. 1. Thoracic CT of the patient on admission. Sagittal (1.A) and axial (1.B)
view.Hypodensity the spinal canal with Hounsfield unit of −900 resembling air
(blue. arrow). Right costal fracture and hemothorax (yellow arrow) and intradural pneumorrhacis (red arrow).

Fig. 4. Follow-up thoracic MRI on 5th day. Sagittal (4.A) and axial (4.B). Total.
disappearance of the air in the spinal canal (blue arrow). Reduction of the
hemothorax (yellow arrow) and vanishing of the intradural air (red arrow).

Fig. 2. Thoracic MRI of the patient on admission. Sagittal (2.A) and axial (2.B)
view. Presence of air in the spinal canal (blue arrow). Right costal fracture and
hemothorax (yellow arrow) and intradural pneumorrhacis (red arrow).

mechanism through the fascial layers of the posterior mediastinum
through the neural foramina into the spinal canal.14 Pneumorrhachis
can be asymptomatic but can also cause sensory or motor impairments
depending on the location and severity of the air. In our case, after the
insertion of the chest tube the air in the subarachnoid space resolved
and the patient's tingling sensation on his legs disappeared. We believe
that the negative pressure of the chest tube did a somehow reverse
effect of the air flow back from the spinal canal into the chest tube. The
fact that the instant improvement of the patient's symptoms after the
chest tube placement and the radiological vanishing of the air
strengthens our hypothesis. Pneumorrhachis, being a mostly benign
entity, which does not require surgical intervention might become more
serious when the amount of air in the epidural of subarachnoid air gets
bigger leading to compressive symptoms due to tension. We are not sure
if the symptoms would still resolve as well with the chest tube if the
patient would have more severe symptoms like motor or sensory deficits or if surgical exploration would be necessary.
4. Conclusion
There are no clear guidelines how to treat a patient with traumatic
pneumorrhachis. Most cases do not require surgical intervention but
risk of morbidity and mortality increases in case of misdiagnosis.
Determining the underlying cause, like in our case, hemothorax, it is
essential to understand the right biomechanical pathway of the trauma
and symptoms to help physicians to evaluate the differential diagnosis.
CT is the gold standard for diagnosing air in the spinal canal.
Hounsfield measurements of −900 to −1000 are an indication for
air.15 Symptoms may differ if the pneumorrhachis is epidural or intradural which is difficult to determine on CT and additional MRI might
be necessary. Epidural pneumorrhachis, being more often benign, only
cause symptoms when the excess amount of air compresses neural
structures whereas intradural air might be accompanied with cerebrospinal fluid (CSF) leakage which lead to central nervous system infections such as meningitis and encephalitis so that prophylactic antibiotics might be necessary. In our patient, no CSF leak was detected due
to the intact structure of posterior elements and despite the subjective
symptoms of tingling sensation on his legs, no neurologic deficits were
observed and that was why we approached the patient conservatively
with close neurologic follow-up.
The aspect which makes our case unique, is the rapid radiologic and
symptomatic improvement after the chest tube placement. Although
several mechanisms how the air travels from hollow organs into the
spinal canal are envisioned, we still think that further investigations
might be needed. The vacuum the negative pressure of the chest tube
created to withdraw the air supports the hypothesis of the one-valve
mechanism in which high pressure air travels through fascial layers but
is unavailable to get back.

Fig. 3. Follow-up thoracic CT on the following day. Sagittal (3.A) and axial
(3.B). Reduced air in the spinal canal (blue arrow) after the chest drain was
placed (yellow arrow). Reduction of intradural air also observed on axial planes
(red arrow).

3. Discussion
Traumatic pneumorrhachis is a rare phenomenon and it is not fully
understood how the air from the posterior mediastinal wall can spread
to the epidural or subarachnoid space. Epidural air, mostly occurring
iatrogenically after epidural injections in which the outside air passes
through the paraspinal fascia and muscles into the epidural space. One
hypothesis for subarachnoid air is that the high-pressure air from a
pneumothorax or pneumomediastinum pushes in a one-valve
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