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Spontaneous pneumocephalus of an otogenic origin 
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Presence of air in the cranial cavity may be caused by a
number of factors (Table 1), most of which are related to cra-
nial or iatrogenic trauma. According to Stendel and Heckel,1
7% to 9% of cranial traumas studied by CT showed intracra-
nial air. When pneumatic cavities of the skull base (middle
ear, nasal fossae, and paranasal sinuses) are involved in trau-
ma, intracranial air is more frequent than shown in previous
studies.2 Certain trauma at a distance from the skull may pro-
voke pneumocephalus, as when the thoracic cage and spine
are involved.

Whenever there is leakage of cerebrospinal fluid (CSF)
from the endocranium toward other cavities, air may enter
through the same pathway. Less often, after surgery air is
found in the intracranial compartments of air-containing
structures anatomically placed far away from the endocrani-
um, as has been described in thoracotomies.3

In any case, it seems that cases of pneumocephalus origi-
nating from the mastoid bone occur less often than those orig-
inating from the nasosinusal region.4 Another series of possi-
ble causes is less common. Some of them are related to trau-
mas, although not directly precipitated by them. Thus pneu-
mocephalus has been reported after placement of a nasogastric
tube5 or after facemask ventilation in cranioencephalic trau-
ma.6 It has also been described after use of continuous positive
airway pressure in treatment of sleep apnea syndrome,7 as well
as after epidural anesthesia or after nasotracheal intubation.

In some cases pneumocephalus may occur without a histo-
ry of trauma (such as that occurring in relation to expansive
processes originating in or around the pneumatic cavities). In
these cases either physical therapies4 or bone erosion may be
responsible for allowing communication between the pneu-
matic cavities and the endocranium. Thus we have pneumo-
cephalus associated with paranasal sinus tumors, which histo-
logically may be either malignant or benign. Other cases are
caused by processes associated with anatomic malformations
located in the pneumatic cavities.8,9 Another type of pneumo-
cephalus is formed by acute intracranial infectious processes
caused by anaerobic micro-organisms or chronic infectious
processes of neighboring areas—mostly chronic otitis
media.10 Finally, in rare cases air appears in the endocranium
with none of the previously described predisposing factors.
These cases are properly termed spontaneous pneumo-
cephalus and include those of both otogenic11,12 and systemic
origin (barotrauma).

CASE REPORT

A 20-year-old man was referred from another center to the
neurosurgery department of our hospital for treatment of
pneumocephalus of unknown cause. Symptoms included con-
tinuous headaches, fronto-occipitally located, with a paroxys-
mic course and no specific time pattern (ie, occurring pre-
dominantly during the day or night). No chronic infectious
processes or previous cranial traumas were reported. Notably,
sinusitis had been diagnosed in this patient, and frequent
Valsalva maneuvers had been prescribed.

Neurologic examination revealed absence of venous pulse
and blurring of the nasal margin optic disc of his left eye. No
CSF rhinorrhea or otorrhea was observed, nor was sponta-
neous nystagmus with provoking postural or Valsalva maneu-
vers. Findings during the remainder of the physical examina-
tion were normal.

In the first imaging study, a simple skull radiograph in the
anteroposterior and lateral views showed an important air
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content in the right temporo-occipital area that did not change
with posture. Also noted was a well-developed pneumatiza-
tion of the mastoid bone involving the squamous part of the
occipital bone. A CT scan showed the intimate relationship
between air content and the posterosuperior facet of right
petrous bone and homolateral hyperpneumatized mastoid
cells (Fig 1). MRI showed the extradural location of air con-
tent with detachment and medial displacement of the sigmoid
sinus with respect to the internal bone table.

After being studied in the neurosurgery department, the
patient was referred to the ENT department for otologic
assessment and study of a possible otic fistula. Routine ear,
nose, and throat examination was normal, including liminal-
tone audiometry, impedancimetry, and bilateral thresholds of
stapes reflex. Hyperpressure maneuvers to demonstrated CSF
leakage did not demonstrate CSF otorrhea or rhinorrhea.
Findings of other complementary studies were all in the nor-
mal range.

The patient remained in the hospital for 9 days so that the
course of his pneumocephalus could be monitored. Far from
resorbing, the pneumocephalus maintained its initial size and
location; therefore surgical treatment was indicated.

The goal of surgery was to seal the communication
between the mastoid bone and the endocranium. A right mas-
toidectomy with preservation of the posterior wall of the
external auditory canal was performed. This approach provided
the necessary exposure while saving the middle ear so as to
preserve the patient’s hearing. Drilling was guided by classic
structures, by numerous bubbles produced by pneumo-
cephalus content when in contact with cleaning saline solu-
tion, and by imaging study. Imaging studies demonstrated a
direct relationship between air content and the medial wall of
the mastoid cells (and not with tegmen tympani or with
tegmen antri). Thus communication between the mastoid bone
and endocranium was located in the theoretic point of Citelli’s
angle. This done, a seal was made with a mixture of bone
powder and Tissucol (Immuno G., Vienna, Austria), and the
closure was reinforced by a sheet of external cortical bone
(2.5 × 1 cm) obtained before drilling of the mastoid bone.

A week after surgery, a control CT study was done and
showed absence of air, expansion of the encephalon, and the
very small old cavity filled with liquid (Fig 2). A month after
surgery, this finding had disappeared, revealing normal
endocranial architecture. The patient was asymptomatic, and
his hearing was similar to that before surgery.

DISCUSSION

In 1884 Chiari made the first diagnosis (postmortem) of
pneumocephalus occurring in a patient with ethmoiditis,
caused by doing a forced Valsalva maneuver. In 1913 Luckett
became the first person to radiologically demonstrate the
pathologic existence of intracranial air in an alive human
being. The first case report of otogenic pneumocephalus was

thanks to Duken, who in 1915 reported the presence of air in
the encephalon of a patient with a bullet injury in the mastoid
region. Since then, many authors have reported different
events that may cause pneumocephalus (middle ear chronic
otitis, 30%; petrous bone fractures, 36%; middle ear surgery,
30%).13 All of them have in common the existence of some
traumatic, iatrogenic, or pathologic antecedent justifying such
an entity.

In this case no pathologic antecedent explained the pres-
ence of air in the intracranial compartment except for doing
Valsalva maneuvers in a forced and maintained way. For that
reason, although the origin is otogenic, we consider the gene-
sis of this clinical picture to be a spontaneous one. This makes
it different from most cases of pneumocephalus reported in lit-
erature, in which the main cause is trauma, followed by
locoregional or distant surgical management and local expan-
sive or infectious processes.

Some unusual cases of spontaneous pneumocephalus of
otogenic origin have been described,4,13 but in the literature to
date, we have found only a single case report of pneumo-
cephalus provoked by Valsalva maneuvers in the same manner
as ours.11

Anatomic Justification

In 14 of 4 reported cases of spontaneous pneumocephalus
of otogenic origin, the patient was treated with radiotherapy
(30 Gy) for a solid small-cell tumor, which could have caused
radionecrosis of the temporal bone with posterior develop-
ment of pneumatocele; another case13 was caused by a sudden
change in atmospheric pressure because the patient practiced
acrobatic free fall with rapid pressure changes, which pro-

Table 1. Etiologic classification of pneumocephalus

Traumatic pneumocephalus
1. After cranial fractures (sinusal, orbital, and temporal fractures)
2. Iatrogenic

• With preceding trauma (intubation, resuscitation maneu-
vers, placement of nasogastric tubes, etc)

• With no preceding trauma (after radiation, after locore-
gional surgery [otic or nasosinusal], after surgery at a dis-
tance [thoracotomies, lumbar punctures], with use of
CPAP devices)

Tumoral pneumocephalus
1. Malignant tumors (nasosinusal, otic, or orbital)
2. Benign tumors (nasosinusal, otic, or orbital)

Infectious pneumocephalus
1. Infection of pneumatized cavities of the skull base
2. Intracranial infection by gas-producing micro-organisms

Spontaneous pneumocephalus
1. Associated with malformations (meningoencephalocele)
2. Not associated with malformations

• Otogenic origin
• Sinusal origin

CPAP, Continuous positive airway pressure.
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voked entrance of air in the endocranium proceeding from the
paranasal sinuses. Maier et al11 described air inside the crani-
um caused by forced Valsalva maneuvers in a patient with a
very well developed mastoid pneumatization. Madeira and
Summers14 described a patient with extradural pneumo-
cephalus located in the sinodural angle region, for which the
only antecedent was violent nose blowing. Finally, Keller et
al15 showed a case of spontaneous pneumocephalus resulting
from an idiopathic bony defect in the mastoid cavity.

In these last 3 cases, similar to ours, air collection was
located in the parieto-occipital region, and its placement was
not dependent on head position because the air was not free
but was instead contained in a space limited by dura and bone.
The parieto-occipital extradural location of air is typical of
pneumocephalus of an otogenic origin, usually being traumat-
ic or caused by congenital defects of tegmen tympani.8-10 This
is because of the great adherence existing between bone and
dura at that level.

In our case communication between the ear and endocra-
nium was established in the retrosigmoid cells close to the
occipital cells, the same as in cases described by Maier et al11

and Madeira and Summers.14 Hyperpneumatization predis-
poses a patient to pneumocephalus because it implies thinning
(sometimes extreme) of intercellular septa, thus facilitating its
rupture with maneuvers of endotympanic hyperpressure. The
distribution and degree of pneumatization achieved by mas-
toid cells were studied by Dietzel,16 who pointed to an
increase in mastoid pneumatization in the last 80 years.
During surgery we observed the thinness of cellulary septa
and its extreme fragility.

Physiologic Justification

There are, in general, 2 mechanisms by which we may find
air inside the cranium. The first requires a previous leakage of

CSF with consequent development of a relatively negative
intracranial pressure, which would suction air inside to bal-
ance pressures. Air collection is generally distributed along
the cisternae and leptomeningeal space.

The second mechanism, corresponding to the case we are
concerned with, consists of a valve mechanism that allows air
passage from pneumatic cavities toward the endocranium in
the presence of positive endotympanic pressures. The valve is
then closed when endocranial pressure increases above the
pneumatic cavity pressure, with air ending up trapped; this
produces an intracranial but extradural tension air collection
with a consequent raised intracranial pressure.

A substantial difference with the first described pathogen-
ic mechanism is that air collection becomes located—in the
absence of dura breakage—in the extradural space, a normal-
ly virtual one, because of the difficulty of detachment of this
membrane from bone. This implies on the one hand that air
collection locates contiguous to valvular communication and
on the other hand that pneumocephalus does not change in its
position with posture of the head.

Diagnosis

As in a more extensive series of otogenic pneumo-
cephalus,10 in our case the first reported symptom was
headache. Diagnosis of this entity may go unnoticed by the
otoneurologist during routine examination. Complementary
image studies—mostly CT—and collaboration with neurosur-
geons are required for diagnosis.10

Clinical features presented by spontaneous pneumocephalus
of an otogenic origin are generally scarce, with headache being
its main symptom. This contrasts with clinical symptoms in the
remaining types of pneumocephalus, which are much more
florid (agitation, delirium, clouding of consciousness, otorrhea,
and otorrhagia).

Fig 1. CT scan showing the intimate relationship between
air content and posterosuperior facet of right petrous
bone; homolateral hyperpneumatized mastoid cells are
also shown.

Fig 2. CT scan showing absence of air and expansion of
encephalon 1 week after surgery.
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Treatment

Treatment of tension pneumocephalus of whatever cause
requires surgery in an attempt to relieve intracranial pressure.
The aim of surgery is to identify communication between the
pneumatic cavity (mastoid bone in our case) and endocranium
and to seal it, generally by use of autologous materials (carti-
lage, free fascia, temporal muscle, and bone powder).

CONCLUSION

In patients with previous or current symptoms of raised
intracranial pressure and known hyperpneumatization of mas-
toid air cells, physicians should consider spontaneous pneu-
mocephalus of otogenic origin as a possible cause.

REFERENCES

1. Stendel WI, Heckel H. Prognosis, incidence and management of
acute traumatic intracranial pneumocephalus. A retrospective
analysis of 49 cases. Acta Neurochir 1986;80:93-9.

2. Ersahin Y, Mutluer S. Air in acute extradural hematomas: report
of six cases. Surg Neurol 1993;40:47-50.

3. Brown WM 3rd, Symbas PN. Pneumocephalus complicating rou-
tine thoracotomy: symptoms, diagnosis and management. Ann
Thorac Surg 1995;59:234-6.

4. Stavas J, McGeachie RE, Turner DA, et al. Symptomatic intra-
cranial pneumatocele from mastoid sinus of spontaneous origin.
Case report. J Neurosurg 1987;67:773-5.

5. Katz MI, Faibel M. Inadvertent intracranial placement of a naso-
gastric tube. AJR Am J Roentgenol 1994;163:222.

6. Robbins PM, Train JJ. Pneumocephalus: an unusual complica-
tion of resuscitation. Anaesth Intensive Care 1995;23:747-9.

7. Young AE, Nevin M. Tension pneumocephalus following mask
CPAP. Intensive Care Med 1994;20:83.

8. Wada T, Endo H, Suzuki T, et al. Tension pneumocephalus in
association with ventriculoperitoneal shunt and congenital
bony defect in the mastoid tegmen. No Shinkei Geka 1995;23:
55-9.

9. Ahren C, Thulin CA. Lethal intracranial complication following
inflation in the external auditory canal in the treatment of serous
otitis media and due to defects in the petrous bone. Acta
Otolaryngol (Stockh) 1965;60:407-21.

10. Andrews JC, Canalis RF. Otogenic pneumocephalus. Laryngo-
scope 1986;96:521-8.

11. Maier W, Fradis M, Scheremet R. Spontaneous otogenic pneu-
mocephalus. Ann Otol Rhinol Laryngol 1996;105:300-2.

12. Lundsford LD, Maroon JC, Sheptak PE. Subdural tension
pneumocephalus. Report of two cases. J Neurosurg 1979;50:
525-7.

13. Canavan L, Osborn RE. Dural sinus air without head trauma or
surgery. CT demonstration. J Comput Assist Tomogr 1991;15:
526-7.

14. Madeira JT, Summers GW. Epidural mastoid pneumatocele.
Radiology 1977;122:727-8.

15. Keller J, Rothschild MA, Ullman JS, et al. Otogenic pneumo-
cephalus in a patient with an idiopathic mastoid defect.
Otolaryngol Head Neck Surg 1997;116:228-30.

16. Dietzel R. Investigations of the “normal” pneumatisation of the
temporal bone. HNO 1989;37:39-47.

 10976817, 1999, 5, D
ow

nloaded from
 https://aao-hnsfjournals.onlinelibrary.w

iley.com
/doi/10.1016/S0194-5998(99)70080-X

 by G
erencia R

egional D
e Salud, W

iley O
nline L

ibrary on [19/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


