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Abstract

Pneumorrhachis is the accumulation of free air around
the dura mater and is rare in pediatric patients. In
this report, the development of pneumorrhachis
secondary to spontaneous pneumomediastinum is
described in a 15-year-old adolescent. Spontaneous
pneumomediastinum was most likely related with the
patient’s underlying asthma, which became exacerbated
following a respiratory infection, probably of viral
etiology. The patient was asymptomatic regarding
pneumorrhachis, and its diagnosis was made through
computed tomography, performed following the
diagnosis of pneumomediastinum. The patient was
hospitalized and pneumorrhachis was treated with
oxygen supplementation and analgesia. After clinical
improvement, the patient was discharged at day six
of hospitalization. One month later, a new computed
tomography revealed the complete resolution of the
pneumorrhachis. The present case reportisin agreement
with what has been described in the literature, and its
presentation will increase the awareness of pediatricians
to this infrequent condition.
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Introduction

Pneumorrhachis is the accumulation of air around the
dura mater,! and its causes may be iatrogenic, traumatic,
and non-traumatic.t®* Non-traumatic pneumorrhachis
is less frequent and has several etiologies, such as
asthma, viral infections, conditions associated with
a sudden increase of intrathoracic pressure and
barotrauma, anorexia nervosa, foreign body inhalation,
physical exercise, and drugs.>® Pneumorrhachis can

occur spontaneously, when it is normally associated to
pneumomediastinum and subcutaneous emphysema.*?
Pneumomediastinum is defined as the presence of
interstitial air in the mediastinum.® Pneumomediastinum
is normally associated with a good prognosis and has
a low prevalence in patients seen in the emergency
department.®’

The first description of non-traumatic pneumorrhachis
was in 1989, in two pediatric patients with
pneumomediastinum, with one ofthem beingasthmatic.®
This was also the first description of pneumorrhachis in
pediatrics. Since then, more cases have been reported,
although pneumorrhachis occurrence in this age group
is uncommon.>>?

The authors report the diagnostic and therapeutic
approach to pneumorrhachis associated with spontane-
ous pneumomediastinum in a 15-year-old adolescent.

Case Report

A 15-year-old male with a personal history of allergic
asthma, diagnosed at 5 years old, controlled with
fluticasone 250 pg twice/day, and montelukast 5 mg/
day was admitted in the emergency department duetoa
sudden onset of right cervical pain. Thisoccurred when his
neck was jerked abruptly duringa car trip. Besides cervical
pain, the patient denied other accompanying symptoms.
He also reported having an upper respiratory infection
with a duration of five days, which occurred two weeks
before admission. This was treated with acetaminophen
1500 mg/day and levodropropizine 180 mg/day.
At the initial physical examination at the emergency
department, the patient was eupneic, with an arterial
oxyhemoglobin saturation (SpO,) measured by pulse
oximetry of 99% in room air, tympanic temperature
of 37.2 °C, heart rate of 92 bpm, and blood pressure
of 117/63 mmHg. The patient had right cervical pain,
which worsened with cervical movement. Palpation
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of the right anterior inferior and supraclavicular
cervical regions elicited pain. In the same areas, at
palpation the presence of subcutaneous emphysema
was also felt. There was a positive Hamman sign at
cardiac auscultation. Pulmonary auscultation and the
remaining physical examination, including neurological
examination, were unremarkable.

Cervical and thoracic radiographs and blood analysis
were conducted. The former showed subcutaneous
emphysema with no other changes. Thoracic radiography
demonstrated pneumomediastinum in the superior
mediastinum. Blood analysis revealed the presence
of mild leukocytosis (14 000 cells/pL), neutrophilia (11
500 cells/uL), and a slight increase in urea (47.2 mg/dL)
and creatinine (1.1 mg/dL) levels, with all the remaining
values within the normal range. Arterial blood gases
revealed pH 7,223, partial pressure of carbon dioxide
(pCO,) 10.9 mmHg and partial pressure of oxygen (pO,)
153 mmHg, without abnormalities in the remaining
parameters.

The patient was admitted to the pediatric department
for further investigations. In addition, conservative
treatment was started with oxygen supplementation
through a high-flow oxygen non-rebreather mask (10-15
L/min) and analgesia with paracetamol as required.

In the first day of hospitalization, the patient underwent
thoracic computed tomography (CT), which confirmed
pneumomediastinum involving the heart and the great
vessels, extending to the lateral cervical vessels. It also
showed right anterior and lateral cervical subcutaneous
emphysema and the presence of air bubbles within
the spinal canal, which is a finding compatible with
the diagnosis of pneumorrhachis at the epidural level.
Pneumorrhachis was visible in the cervical and dorsal
spinal regions, from C7 to D6 (Figs. 1 and 2). Testing
for several infectious agents was also performed. The
results of these were a profile suggestive of a previous
but currently non-active Epstein Barr viral infection,
negative for cytomegalovirus, parvovirus 19, enterovirus,
adenovirus, echovirus, respiratory syncytial virus,
influenza A and B, and Mycoplasma pneumoniae. The
patient was also observed by neurology and pulmonology
which concluded that this was a case of pneumorrhachis
secondary to spontaneous pneumomediastinum.
During the hospitalization, the patient always remained
eupneic and hemodynamically stable without fever or
neurological signs. There was a progressive improvement
of pain complaints, with the patient becoming
asymptomatic and with the complete resolution
of subcutaneous emphysema by the sixth day of
hospitalization. A new thoracic radiograph at the fourth
day of the hospitalization revealed an almost complete
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resolution of the pneumomediastinum. Treatment with
supplemental oxygen with a high-flow non-rebreather
mask continued until the fifth day. On the sixth day, the
patient tolerated the transition to room air, maintaining
normal SpO, levels.

The patient was discharged on the sixth day,
asymptomatic, with SpO, of 99% in room air, and without
any changes at the physical examination (including
neurological examination). He received the advice to
continue his regular asthma medication and rest.

A month later, he was reevaluated in a pediatric
consultation. He remained asymptomatic and the
clinical examination (including neurologic examination)
was unremarkable. A thoracic CT was repeated
and was normal, showing the resolution of the
pneumomediastinum and pneumorrhachis. He also
performed respiratory function tests (spirometry and
plethysmography) whose results were a forced vital
capacity (CVF) of 111.8%, forced expiratory volume
in one second (FEV1) of 129, 6% in relation to the
respective reference values (both within normal values),
FEV1 with partial response to bronchodilator of 7.9%/90
mL, FEV1/FVC ratio of 114.7%, which was also normal.
Plethysmography yielded a residual volume of 214%
of the reference value, a reduction of -6% with the
bronchodilator test and a specific resistance of 249.7%
of the reference value, with a significant reduction to
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Figure 1. Pneumorrhachis in the cervical region. Computed
tomography of the cervical region showing epidural pneumorrhachis
in the spinal canal and subcutaneous emphysema in the anterior
and right lateral cervical regions (left image), cervical epidural
pneumorrhachis in a magnified view (right image).

Figure 2. Pneumorrhachis in the thoracic region. Thoracic computed
tomography showing the presence of pneumomediastinum in the
cranial mediastinum and epidural pneumorrhachis (left image) and
epidural pneumorrhachis in a magnified view (right image).
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153.9% (-95.8%) after the bronchodilator test. These
studies were consistent with pulmonary insufflation,
with a partial response to inhaled bronchodilator (< 12%
increase in forced expiratory volume in one second),
increased residual volume, and airway resistance. Based
on these results, it was decided that the patient should
continue his current medication.

Discussion

Pneumorrhachis can be classified into three types:
epidural, intradural/extra-axial, and intradural/intra-
axial.»® The latter two are often associated with traumatic
injuries, where the occurrence of pneumorrhachis
is considered a marker of greater severity.! Epidural
pneumorrhachis is the only type that is found in non-
traumatic patients and may occur following spontaneous
pneumomediastinum, such as the case described here.>®
The pathway through which air reaches the epidural
space in pneumomediastinum patients remains
incompletely understood. It is known that, when the
pressure gradient between the intra-alveolar and
interstitial spaces increases, air reaches the interstitium
through small alveolar openings or through alveolar
or bronchiolar rupture. From the interstitium, air can
reach the mediastinum, passing through the pulmonary
bronchovascular sheath and hilum, which are pathways
that offer less resistance. From there, air passes to
the subcutaneous cervical tissue (contiguous to the
mediastinum) and to the posterior paraspinal and/
or retropharyngeal spaces.*® Then, it can reach the
epidural space through the foramina that serve as
conduit for the spinal nerves and vessels.>%° Once in
the epidural space, air will concentrate mainly in the
posterior epidural space, as this offers less resistance
than the anterior epidural space. The reason is because
the former is composed mainly of loose connective
tissue, whereas the latter is filled with an important and
rich vascular network.**

Spontaneous pneumomediastinum is a rare condition
in pediatrics, with an estimated incidence of 1/800
to 1/42,000 of all presentations in the emergency
department.’*** |t affects mainly tall, thin male
adolescents with average age of 15 years.*'¢ In 70%-90%
of cases, it is possible to identify an underlying etiology,
with the most common being asthma, respiratory
infections, vomiting, and other conditions associated
with Valsalva maneuver (e.g. cough, laughter, shouting,
intense physical exercise).**” In adolescents with mild
spontaneous pneumomediastinum, asthma is the most
likely etiology, accounting for 50% of cases.’>'” As our

patient had a personal history of asthma and maintained
abnormal findings in respiratory function tests one
month after admission, compatible with asthma, we
believe that asthma was probably the main factor
underlying pneumomediastinum and consequently
pneumorrhachis in this case.

The patient also had a history of upper respiratory
infection prior to coming to the emergency department.
The development of spontaneous pneumomediastinum
and pneumorrhachis following viral infections has been
described previously in the literature.*!82° In the present
clinical case, none of the several infectious agents that
were tested was identified. However, other viruses
that have been associated with the development of
pneumomediastinum and pneumorrhachis, including
rhinovirus or bocavirus, were not tested.**® Therefore, it
cannot be ruled out that these or other agents could have
contributed to the development of pneumomediastinum
and pneumorrhachis, either directly or indirectly, by
aggravating the patient underlying asthma.

None of the clinical signs presented by the patient
unequivocally pointed out to the diagnosis of
pneumorrhachis. This is in agreement with the literature
that describes the majority of pneumorrhachis patients
either as asymptomatic, or with nonspecific clinical
signs, with a minority having neurological signs or
symptoms.>?! In the current case, pneumorrhachis
diagnosis was only established after performing thoracic
CT, as it was not apparent on thoracic radiographs.
Thoracic radiographs are still indicated in the initial
diagnostic evaluation of pneumorrhachis, although
it can only be identified by this method when it has
a significant size.! Thoracic radiographs can also
detect the underlying lesions that are associated to
pneumorrhachis development.! However, in the cases
where pneumorrhachis is not significantly large, as in
the current case, CT is considered the diagnostic method
of choice.*?

In the absence of specific neurological signs, it is unlikely
that CT is performed in the emergency department to
exclude the presence of pneumorrhachis. Moreover,
the role of thoracic CT for the diagnosis of spontaneous
pneumomediastinum in pediatric patients is not
defined and consequently, is not performed in most
cases. Therefore, it is possible that the actual incidence
of pneumorrhachis in this context is higher than the
one described, which is of 9.5% of all the pediatric
patients observed in the emergency department with
spontaneous pneumomediastinum having concomitant
pneumorrhachis.> Because of this, some authors
suggest that, to exclude pneumorrhachis associated
with spontaneous pneumomediastinum, the diagnostic
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approach should always include a complete neurological
examination and a thoracic and cervical CT.?

Regarding treatment, given the rarity of pneumorrhachis,
no published guidelines are available. Consequently, it
should be individualized and according to the clinical
condition.? Pneumorrhachis is normally a benign and
self-limiting condition, with most patients showing the
reabsorption of spinal air in the first days after the initial
clinical presentation.>*?2 Because a minority of patients
can develop neurological signs, the most consensual
approach suggested by the literature is to admit
the patient to the hospital and to start conservative
treatment.?? This consists in rest and high flow oxygen
supplementation to promote nitrogen excretion and
consequently air reabsorption from the epidural space.
Other treatments described in the literature include
intravenous dexamethasone and hyperbaric oxygen
administration and epidural air aspiration through
a percutaneously inserted Tuohy needle.! In some

( \
WHAT THIS CASE REPORT ADDS

e Accumulation of air around the dura mater is called
pneumorrhachis and it is a rare condition in pediatrics.

e It can be caused by iatrogenic, traumatic, and non-traumatic
etiologies.

e When it is spontaneous, it is often associated with
pneumomediastinum.

e Computed tomography is the diagnostic method of choice.
® In most cases, pneumorrhachis is asymptomatic and responds

favorably to conservative treatment consisting of rest, high flow
| oxysgen supplementation, and analgesia.

cases with neurologic signs and symptoms, surgical
decompression may be necessary. In the current case,
the patient was admitted and responded favorably to
conservative treatment, confirming the good prognosis
of this clinical condition.

In conclusion, this case is a good example of the
clinical presentation and diagnostic and therapeutic
approach to pneumorrhachis associated to spontaneous
pneumomediastinum in an adolescent. Because this is a
rare situation, its presentation will contribute to raising
the awareness of pneumorrhachis among pediatricians
and pointing out the best approach to it.

Conflicts of Interest

The authors declare that there were no conflicts of interest in
conducting this work.

Funding Sources

There were no external funding sources for the realization of
this paper.

Provenance and peer review

Not commissioned; externally peer reviewed

Consent for publication

Consent for publication was obtained.

Confidentiality of data

The authors declare that they have followed the protocols of
their work centre on the publication of patient data.
Acknowledgments

The authors would like to thank Dr. Ana Isabel Duarte for the
support provided in preparing the manuscript.

References

1. Oertel MF, Korinth MC, Reinges MHT, Krings T, Terbeck S,
Gilsbach JM. Pathogenesis, diagnosis and management of
pneumorrhachis. Eur Spine J 2006;15:636-3. doi: 10.1007/
s00586-006-0160-6.

2. Heckman AJ, Mohseni M, Villanueva A, Cowart JB, Graham
CG. Concurrent spontaneous pneumomediastinum and
pneumorrhachis. J Emerg Med 2018;54:117-20. doi: 10.1016/j.
jemermed.2018.02.036.

3. Kono T, Kuwashima S, Fujioka M, Kobayashi C, Koike K,
Tsuchida M, et al. Epidural air associated with spontaneous
pneumomediastinum in children: Uncommon complication?
Pediatr Int 2007;49:923-7. doi: 10.1111/j.1442-200X.2007.02480.x.
4. Emiralioglu N, Ozcan HN, Oguz B, Yalgin E, Dogru D,
Ozgelik U, et al. Pneumomediastinum, pneumorrhachis and
subcutaneous emphysema associated with viral infections:
Report of three cases. Pediatr Int 2015;57:1038-40. doi:
10.1111/ped.12785.

5. Caramella D, Bulleri A, Battolla L, Pifferi M, Baldini
G, Bartolozzi C. Spontaneous epidural emphysema and
pneumomediastinum during an asthmatic attack in a child.

ﬂ‘ Portuguese Journal of Pediatrics

Pediatr Radiol 1997;27:929-3. doi: 10.1007/s002470050274.
6. Martins L, Dionisio P, Moreira S, Manique A, Correia |,
Barbara C. An unusual association in an uncommon disease:
Two cases of spontaneous pneumomediastinum associated
with pneumorrhachis. Case Rep Pulmonol 2016;2016:5092157.
doi: 10.1155/2016/5092157.

7. Newcomb AE, Clarke CP. Spontaneous pneumomediastinum:
A benign curiosity or a significant problem? Chest
2005;128:3298-302. doi: 10.1378/chest.128.5.3298.

8. Tsuji H, Takazakura E, Terada Y, Makino H, Yasuda A, Oiko Y.
CT demonstration of spinal epidural emphysema complicating
bronchial asthma and violent coughing. ] Comput Assist Tomogr
1989;13:38-9. doi: 10.1097/00004728-198901000-00007.

9. Drevelengas A, Kalaitzoglou |, Petridis A. Pneumorrhachis
associated with spontaneous pneumomediastinum. Eur J
Radiol 1994;8:122-3. doi: 10.1016/0720-048x(94)90277-1.

10. Carolan PL, Wright SL, Jha V. Spontaneous pneumorrhachis.
Pediatr Emerg Care 2013;29:508-9. doi: 10.1097/
PEC.0b013e31828a38ad.

11. Bernaerts A, Verniest T, Vanhoenacker F, Van den Brande
P, Petré C, De Schepper AM. Pneumomediastinum and



Pneumorrachis Secondary to Pneumomediastinum

epidural pneumatosis after inhalation of “Ecstasy”. Eur Radiol
2003;13:642-3. doi: 10.1007/s00330-002-1466-3.

12. Yellin A, Gapany-Gapanavicius M, Liberman Y. Spontaneous
pneumomediastinum: Is it a rare cause of chest pain? Thorax
1983;38:383-5. doi: 10.1136/thx.38.5.383

13. Abolnik I, Lossos IS, Breuer R. Spontaneous pneumome-
diastinum. A report of 25 cases. Chest 1991;100:93-5. doi:
10.1378/chest.100.1.93.

14. Chalumeau M, Le Clainche L, Sayeg N, Sannier N,
Michel JL, Marianowski R, et al. Spontaneous pneumome-
diastinum in children. Pediatr Pulmonol 2001;31:67-5. doi:
10.1002/1099-0496(200101)31:1<67::aid-ppul1009>3.0.co;2-j.
15. Wong KS, Wu HM, Lai SH, Chiu CY. Spontaneous
pneumomediastinum: Analysis of 87 pediatric patients. Pediatr
EmergCare 2013;29:988-91. doi: 10.1097/PEC.0b013e3182a26a08.
16. van Tonder RJ, Beatty NC, Bellolio MF, Colletti JE.
Spontaneous pneumomediastinum in children: A 10-year
experience. Ann Emerg Med 2009;54:17. doi: https://doi.
org/10.1016/j.annemergmed.2009.06.072.

17. Colavita L, Cuppari C, Pizzino MR, Sturiale M, Mondello
B, Monaco F, et al. Pneumomediastinum, subcutaneous
emphysema and pneumorrhachis in asthmatic children. J Biol
Regul Homeost Agents 2016;30:585-8.

18. Pekcan S, Gokturk B, Uygun Kucukapan H, Arslan U, Findik
D. Spontaneous pneumomediastinum as a complication in
human bocavirus infection. Pediatr Int 2014;56:793-5. doi:
10.1111/ped.12475.

19. Hasegawa M, Hashimoto K, Morozumi M, Ubukata K,
Takahashi T, Inamo Y. Spontaneous pneumomediastinum
complicating pneumonia in children infected with the 2009
pandemic influenza A (HIN1) virus. Clin Microbiol Infect
2010;16:195-9. doi: 10.1111/j.1469-0691.2009.03086.x.

20. Dehmel M, Demirakca S, Jordan A, Dahlheim M, Diehm
T, Schroten H, et al. Pneumomediastinum and subcutaneous
emphysema: An uncommon presentation of respiratory-
syncytial virus infection in an infant. Klin Padiatr 2013;225:230-
1. doi: 10.1055/5-0032-1329948.

21. Belotti EA, Rizzi M, Rodoni-Cassis P, Ragazzi M, Zanolari
Caledrerari M, Bianchetti MG. Air within the spinal canal in
spontaneous pneumomediastinum. Chest 2010;137:1197-
200. doi: 10.1378/chest.09-0514.

22. Ehmann MR, Paziana K, Stolbach Al. Case series:
Pneumorrhachis secondary to spontaneous pneumome-
diastihnum. J Emerg Med 2016;50:43-5. doi: 10.1016/j.
jemermed.2015.09.047.

Pneumoraquis Secundario a Pneumomediastino Espontaneo num Adolescente

Resumo:

O pneumoraquis define-se comoaacumulagdodearemredor
da dura-mater e é raro em pediatria. Descreve-se um caso de
pneumoraquis associado a pneumomediastino espontaneo
num adolescente de 15 anos. O pneumomediastino tera
estado provavelmente relacionado com a condigdo asmatica
do doente, agravada apés infecgdo respiratdria, de possivel
origem viral. O doente permaneceu sempre assintomatico
em relagdo ao pneumoraquis. O diagnostico foi estabelecido
através de tomografia computorizada, realizada para
esclarecimento  diagnodstico do  pneumomediastino.
A abordagem terapéutica passou por internamento
e tratamento conservador, com analgesia, repouso e

administracdo de oxigénio por alto débito. A resposta foi
favoravel, tendo o doente tido alta assintomatico, seis dias
apds a admissdo hospitalar. A tomografia computorizada
realizada um més apdés o internamento ndo revelou
pneumoraquis. O caso clinico relatado corrobora o que
esta descrito na literatura. A sua apresentagdo contribui
para uma maior sensibilizagdo dos pediatras acerca desta
condigdo clinica rara.

Palavras-Chave: Adolescente; Asma/complica¢des; Enfisema

Mediastinico; Pneumoraquis/diagndstico por imagem;
Pneumoraquis/terapia; Tomografia Computorizada
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