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Abstract
Aim: Delayed intracerebral tension pneumatocele (DITP) is an uncommon cause of raised intracranial 
pressure following trauma. However, it can cause herniation syndrome due to a sudden increase in 
intracranial pressure which requires emergent intervention. Pneumocephalus is a complication of 
head injury in 3.9%–9.7% of the cases. The accumulation of intracranial air can be acute (<72 h) 
or delayed (≥72 h). Method: When intracranial air causes intracranial hypertension and has a 
mass effect with neurological deterioration, it is called tension pneumocephalus. In our case series, 
we demonstrated four cases of DITP in adult patients from January 2012 to January 2017 in the 
Department of Neurosurgery at R. N. T. Medical College and M. B. Hospital, Udaipur, Rajasthan. 
Result: During this period, a total number of patients admitted of head injury are 1768 and hence, 
the incidence of DITP in our series is 0.226% which is very less as compared to previous literature. 
All patients are male; age ranging from 17 years to 55 years (mean age was 31.75 years). All 
patients have a history of head injury, and mode of injury had road traffic accidents. Glasgow Coma 
Score (GCS) at readmission were 12–13 (mean GCS 12.75). Duration of developed DITP 1 month 
to 2½ months (mean 1.375 months), all patients had gone to surgical intervention, and outcome 
assessed using Glasgow outcome score. All patients had a good outcome and average follow-up was 
12.5 months. Conclusion: long term observation of patients with simple pneumocephalus following 
trauma is beneficial as there is an expected risk of developing delayed tension pneumocephalus 
which may manifest with raised intracranial pressure.
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Introduction
Pneumocephalus is usually defined as the 
presence of air in the intracranial cavity. 
The term pneumocephalus was first coined 
by wolf in 1914. It is usually associated 
with a basal skull fracture and dural tear 
after head and facial trauma. Clinically, 
it manifests as cerebrospinal fluid (CSF) 
rhinorrhea or otorrhea, whereas tension 
pneumatocele results from entrapment 
of intracranial air due to a check valve 
system following head injury. Tension 
pneumatocele at times behaves like an 
intracranial space occupying lesion and 
threatens life.

Methods
Four successive patients of delayed 
intracerebral, tension pneumatocele, shown 
in plain Computed Tomography (CT) head 
or magnetic resonance imaging (MRI) brain 
admitted from January 2012 to January 
2017 in the Department of Neurosurgery 

at R. N. T. Medical College and M. B. 
Hospital, Udaipur, Rajasthan, formed the 
prospective study group. A written informed 
consent was obtained from all the patients, 
as applicable. The diagnosis of Delayed 
intracerebral tension pneumatocele (DITP) 
was made on the basis of CT or MRI and 
Outcome assessed using Glasgow outcome 
score.

Results
During this period, a total number of 
patients admitted of head injury is 
1768. All patients are male; age ranging 
from 17 years to 55 years (mean age 
31.75 years). All patients have a history 
of head injury, and mode of injury had 
road traffic accidents (RTAs). Glasgow 
Coma Score (GCS) at readmission was 
12–13 (mean GCS 12.75). Duration of 
developed DITP was 1–2½ months (mean 
1.375 months). All patients went on surgical 
intervention [Table 1], and Outcome 
assessed by Glasgow outcome score 
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[Table 2]. All patients had a good outcome, and average 
follow-up was 12.5 months. We described all patients 
detailed in case descriptions (Case-1 to Case-4).

Case 1

A 25-year-old male was admitted to Neurosurgery ward 
with head injury. He had no loss of consciousness, 
vomiting, and seizure but bleeding from nose present. His 
GCS was 15/15, there were bilateral black eyes with per 
orbital swelling, and hence, his vision and pupil could 
not be assessed. Except anosmia no other cranial nerves, 
motor, and sensory deficit detected. A plain noncontrast 
computed tomography (NCCT) head revealed a fracture 
of Left frontal bone involving the sinus with depression of 
posterior wall of the sinus, underlying multiple contusions 
of the frontal lobe and no pneumocephalus [Figure 1a]. 
He was kept on antibiotic and anticonvulsant and strictly 
in the supine posture. He was made to sit up after 48 h 
and checked for CSF rhinorrhea, which was not present. 
He was discharged on the 10th day in a stable neurological 
condition. A month later, he was readmitted in an altered 
sensorium with repeated vomiting. He was drowsy, 
irritable, and confused, his GCS was 13/15, pupil right 
side was normal, left moderately dilated and sluggishly 
reacting to light, and no other deficit was detected. The 
patient had MRI from outside [Figure 1b] which revealed 
a large left frontal intraparenchymal tension pneumatocele 
causing a mass effect. He was operated in emergency. Left 
frontal craniotomy, evacuation of tensed air, duraplasty, and 
exteriorization of frontal sinus was done. Postoperatively, 
he becomes fully conscious, and there was no neurological 
deficit. After 48 h, a repeat CT head [Figure 1c] was done, 
which showed minimal left frontal pneumatocele with no 
mass effect. The patient was discharged on the 10th day 

without any neurological deficit or CSF rhinorrhea. At his 
6‑month follow‑up, he has no neurological deficit and no 
signs of rhinorrhea and meningitis.

Case 2

A 30-year-old male was admitted to Neurosurgery ward 
with head injury following RTA. He had no history of 
loss of consciousness, vomiting, ear bleed and seizures, 
but he had bleeding from nose. His GCS was 15/15. 
Pupils were 2 mm bilaterally and reacting to light. No 
any cranial nerves, motor, and sensory deficit detected. 
A plain computerized tomogram was done which revealed 
bilateral frontal contusion with fracture of bilateral 
frontal bone with involving the right frontal sinus with 
mild depression of posterior wall of sinus with patchy 
pneumocephalus [Figure 2a]. He kept on antibiotic, 
anticonvulsant and analgesics and patient was discharge 
3rd of admission. At the time of discharge, patient was 
intact without focal neurological deficit and with no 
CSF rhinorrhea. A month later, he complained of severe 
frontal headache with CSF rhinorrhea and progressively 
deteriorating neurologically then readmitted in 
neurosurgery ward and on admission, his GCS dropped to 
12, meningeal signs were found and he become bradypneic 
and repeat NCCT head revealed tension intraparenchymal 
pneumatocele on right frontal lobe with rounded or 
oval in configuration, measuring on an average 3–4 cm 
in diameter with mass effect and communicating with 
bilateral lateral ventricles, basal cisterns, and subarachnoid 
spaces [Figure 2b]. Under general anesthesia, right frontal 
craniotomy evacuation of tensed air, duraplasty was done 
shifted to the Neurosurgery ICU. Next day after the surgical 
treatment, he improved and became awake. The subdural 
drain was removed. A repeat NCCT head was done after 
48 h which showed resorption of frontal pneumatocele with 
minimal subarachnoid and intraventricular air [Figure 2c]. 
CSF rhinorrhea stopped. In 10 days after surgery, the 
patient was discharged. At his 6-month follow-up, he has 
no neurological deficit and no signs of rhinorrhea and 
meningitis.

Case 3

A17-year-old male was admitted with head injury following 
RTA. He had no loss of consciousness, vomiting, or seizure, 
but he had bleeding from nose. His GCS was 15/15. A plain 
CT head was done which revealed fracture of left frontal 

Table 1: Demographic data, management and outcome of patients
Age (year) Sex Duration developed 

to DITP
Mode of injury GCS at the time 

of re‑admission
Management Outcome measure by GOS

25 Male 1 month RTA 13/15 Surgery Good
30 Male 1 month RTA 12/15 Surgery Good
17 Male 2 month RTA 13/15 Surgery Good
55 Male 1 and ½ month RTA 13/15 Surgery Good
DITP – Delayed intracerebral tension pneumatocele; GCS – Glasgow Coma Score; GOS – Glasgow Outcome Scale; RTA – Road traffic 
accident

Table 2: Glasgow outcome score
GOS score Functional status
5 Resumption of normal life; there may be minor 

neurological and or psychological deficit
4 Able to work in a shattered environment and 

travel by public transportation
3 Dependent for daily support by reason of mental 

or physical disability or both
2 Unresponsive for weeks or months or until death
1 Death
GOS – Glasgow Outcome Scale
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Figure 1: (a) Noncontrast computed tomography Head revealed fracture of Left frontal bone involving the sinus with depression of posterior wall of the 
sinus, underlying multiple contusions of frontal lobe and no pneumocephalus. (b) Magnetic resonance imaging T2 W image revealed a large Left frontal 
intraparenchymal tension pneumatocele causing mass effect. (c) noncontrast computed tomography Head revealed minimal Left Frontal pneumatocele 
with no mass effect
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bone involving the sinus with mild depression of posterior 
wall of the sinus, underlying tiny contusions of left 
frontal lobe and bilateral pneumocephalus in baso-frontal 
convexity extending to interhemispheric fissure which was 
not significant and no mass effect [Figure 3a].

The patient kept on antibiotic, anticonvulsant, and strictly 
in the supine posture. He was prepared to sit up after 
48 h and checked for CSF rhinorrhea, which was not 
present even after 72 h. He was discharged on the 7th day 
in a stable neurological condition. A 2 month later, he 
was readmitted in an altered sensorium with repeated 
vomiting. On examination, his vital signs were stable, 
he was drowsy, irritable, and confused, his GCS was 
13/15, and pupils were bilateral normal. Urgent NCCT 
head was done [Figure 3b] which revealed a large Left 
frontal intraparenchymal tension pneumatocele causing a 
mass effect. He was operated in emergency. Left frontal 
craniotomy, evacuation of tensed air, duraplasty and 
exteriorization of frontal sinus was done. Postoperatively, 
he becomes fully conscious, and there was no neurological 
deficit. A repeat CT head [Figure 3c] was done after 48 h, 
which showed minimal Left Frontal pneumatocele with no 
mass effect. The patient was discharged on the 10th day 

without any neurological deficit or CSF rhinorrhea. At his 
6‑ month follow‑up, he has no neurological deficit and no 
signs of rhinorrhea and meningitis.

Case 4

A 55‑year‑old male was admitted with Head injury. He had 
no loss of consciousness, vomiting, and seizure but he had 
bleeding from the nose. His GCS was 15/15. A plain CT 
head was done which revealed a fracture of left frontal 
bone involving the sinus, underlying tiny contusions of 
the bilateral frontal lobe and bilateral pneumocephalus in 
baso‑frontal convexity extending to interhemispheric fissure 
which was not significant and no mass effect [Figure 4a].

The patient kept on antibiotic, anticonvulsant and strictly 
in the supine posture. He was discharged on the 5th day in 
a stable neurological condition. A 1½ month later, he was 
readmitted in an altered sensorium with repeated vomiting. 
He was drowsy, irritable, and confused, his GCS was 
13/15, pupils were bilateral normal. The patient had come 
with MRI [Figure 4b] which revealed a large Left frontal 
intraparenchymal tension pneumatocele with air‑fluid level 
causing a mass effect. He was operated in emergency. Left 
frontal craniotomy, evacuation of tensed air, duraplasty and 

Figure 2: (a) A noncontrast computed tomography Head revealed bilateral frontal contusion with fracture of bilateral frontal bone with involving the right 
frontal sinus with mild depression of posterior wall of sinus with Mild pneumocephalus. (b) Repeat noncontrast computed tomography Head revealed 
tension intraparenchymal pneumatocele on right frontal lobe with mass effect and communicating with bilateral lateral ventricles, basal cisterns and 
subarachnoid spaces. (c) On postoperative noncontrast computed tomography scans revealed resorption of frontal pneumatocele with minimal subarachnoid 
and intraventricular air; there was a minimal residual Pneumocephalus
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Figure 3: (a) Fracture of Left frontal bone involving the sinus with mild depression of posterior wall of the sinus, underlying tiny contusions of left frontal 
lobe and Bilateral pneumocephalus in baso‑frontal convexity extending to interhemispheric fissure which was not significant and no mass effect. (b) Large 
Left frontal intraparenchymal tension pneumatocele causing mass effect. (c) Minimal Left Frontal pneumatocele with no mass effect
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exteriorization of frontal sinus was done. Postoperatively, 
he becomes fully conscious, and there was no neurological 
deficit. A repeat CT head [Figure 4c] was done after 48 h, 
which showed minimal left frontal pneumatocele with no 
mass effect. The patient was discharged on the 10th day 
without any neurological deficit or CSF rhinorrhea. At his 
6 months follow‑up, he has no neurological deficit and no 
signs of rhinorrhea and meningitis.

Discussion
Pneumocephalus, also known as intracranial aerocele or 
pneumatocele is defined as the presence of gas within 

any of the intracranial compartments (epidural, subdural, 
subarachnoid, intraventricular, and intraparenchymal).[1] 
The pathophysiology of pneumocephalus usually involves 
one of the following mechanisms:
(1) Ball valve mechanism in which there are a cranial defect 

and dural tear adjacent to a point where the air is available, 
i.e., paranasal sinus; air may be forced intracranially by 
coughing, sneezing, or blowing, etc., The dural opening 
is sealed due to tamponade effect on pia-arachnoid 
by the swollen brain, trapping the air intracranially 
(pneumocephalus). Repeated coughing and sneezing 
resulting in raised air pressure lead to larger accumulation 

Figure 4: (a) Fracture of Left frontal bone involving the sinus, underlying tiny contusions of bilateral frontal lobe and bilateral pneumocephalus in baso-frontal 
convexity extending to interhemispheric fissure which was not significant and no mass effect. (b) Magnetic resonance imaging fluid‑attenuated inversion 
recovery image revealed large left frontal intraparenchymal tension pneumatocele causing mass effect. (c) Minimal left frontal pneumatocele with no 
mass effect
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of air in the subdural or within the brain itself giving rise 
to marked mass effect (tension pneumocephalus)

(2) Inverted bottleneck mechanism in which air enters as 
fluid leaves the intracranial space.[2,3]

Intracranial pneumocephalus was first described in an 
autopsy report of a trauma patient in 1866.[4] Some years 
later, Chiari reported a similar finding in an autopsy of a 
patient with chronic ethmoid sinusitis.[5] The usefulness 
of X-ray in diagnosing intracranial air was demonstrated 
by Luckett in 1913. Pneumocephalus is a complication 
of head injury in 3.9-9.7% cases but in our series it 
was 0.226%, which is very less compare to previous 
literature.[6,7] Pneumocephalus is a complication of head 
injury in 3.9%–9.7% of cases, but in our series, it was 
0.226%, which is very less as compared to previous 
literature.[7] It also appears after supratentorial craniotomy 
in 100% of cases.[8] The accumulation of intracranial 
air can be acute (<72 h) or delayed (≥72 h).[9] As a rule, 
intracranial collection of air is benign and asymptomatic. 
When intracranial air causes intracranial hypertension 
and has a mass-effect with neurological deterioration, 
it is called tension pneumocephalus. In the literature, 
25 cases of tension pneumocephalus were described, 14 of 
them needed urgent surgery [Table 3]. In our article, we 
describe four cases of delayed tension pneumocephalus 

who underwent urgent surgical treatment. All patients 
are male; age ranging from 17 years to 55 years (mean 
age 31.75 years). All patients have history of head injury 
and mode of injury had RTAs. GCS at readmission were 
12–13 (mean GCS 12.75). Duration of developed DITP 
was 1 month to 2 ½ months (mean 1.375 months).

In tension pneumocephalus, air most frequently occupies the 
subdural area. However, air can also occupy the epidural, 
subarachnoid, intraparenchymal, and intraventricular 
areas.[2,3,7,10] Gönül et al. presented a case of tension 
pneumocephaly due to head trauma where they performed 
emergency Decompressive surgery due to shift of intracranial 
midline structures. They noted that their case was interesting 
due to intraventricular tension pneumocephalus.[10] Ram 
et al. presented a case of tension pneumocephaly in the 
posterior fossa region with CSF leakage at the suture line 
developing at the tenth day of posterior fossa operation.[11] 
In our case series, initial pneumocephalus following trauma 
almost resolved, and a tension pneumatocele developed 
almost a month after trauma. Gore et al. mentioned the use 
of normobaric oxygen in high flow as a treatment protocol 
for simple pneumocephalus which enhanced the rate of 
absorption of pneumocephalus.[12]

Browning et al. pointed out that intracranial air is frequently 
present after craniotomy, but it is normally absorbed in 

Table 3: Description of previous reported case of tension pneumocephalus
Author Year Number 

of case
Age (year)/sex 

of patient
Description of patient Management Outcome

Satapathy and 
Dash

2000 1 10/male Tension pneumocephalus developed in postoperative 
period after decompression of craniopharyngioma in 
supine position

Surgery Good

Pillai et al. 2001 2 8/male Traumatic tension pneumocephalus Conservative Good
20/male Traumatic tension pneumocephalus Surgery Good

Kon et al. 2003 1 46/male Delayed tension pneumocephalus after 7 years of 
craniotomy

Surgery Good

Sankhla et al. 2004 1 19/male Delayed tension pneumocephalus after 6 month of shunt 
surgery

Surgery Good

Kuncz et al. 2004 1 8/female Traumatic prepontine tension pneumocephalus Surgery Good
Cho et al. 2004 2 Adult Tension pneumocephalus which was developed after 

trans-sphenoid surgery for pituitary adenoma and 
craniopharyngioma

Surgery Good

Hong et al. 2005 2 64/male Delayed tension pneumocephalus developed after VP shunt Surgery Good
38/female Delayed tension pneumocephalus developed after 12 years 

of trauma
Surgery Good

Chandran et al. 2007 1 18/male Delayed spontaneous tension pneumocephalus Surgery Good
Leong et al. 2008 2 42/male Traumatic delayed tension pneumocephalus Conservative Good

71/male Traumatic early tension pneumocephalus Conservative Good
Lee et al. 2009 1 45/male Delayed tension pneumocephalus caused by spinal tapping 

in a patient with basal skull fracture and pneumothorax
Surgery Good

Shaikh et al. 2010 1 70/male Tension pneumocephalus after drainage of chronic 
subdural hematoma

Surgery Good

Prüss et al. 2011 1 58/male Tension pneumocephalus with diplegia after ethmoid sinus 
surgery

Surgery Good

Kankane et al. 2016 1 30/male Traumatic delayed tension pneumocephalus Surgery Good
VP – Ventriculo-peritoneal
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3–4 weeks. The presence of pneumocephalus on a delayed 
postoperative CT scan should raise the possibility of CSF 
fistula, or infection with the gas forming organism. Many 
CSF fistulae require surgical closure to prevent potentially 
life-threatening central nervous system infections and 
tension pneumocephalus.[13]

Pneumocephalus can be caused by trauma (basal skull 
fractures, paranasal sinuses fractures, open cranial 
convexity fractures with dural laceration[14]), Neurosurgical 
operations (twist-drill evacuation of chronic subdural 
hematomas,[15] ventriculo-peritoneal shunting,[16] posterior 
fossa surgery in sitting[17] or lateral position,[18] intracranial 
pressure (ICP) monitoring,[19] transsphenoidal or endoscopic 
sinus surgery, ENT operations (paranasal sinuses surgery; 
nasal septum resection; nasal polypectomy), lumbar 
punctures,[20] barotraumas, tumors, CNS infections caused 
by gas-producing microorganisms, nitrous oxide, congenital 
skull and tegmen tympani defects, spinal anesthesia, 
positive pressure ventilation, hyperbaric oxygen therapy, 
spontaneous, scuba diving.

Clinical presentation of tension pneumocephalus may 
include a headache, generalized seizures, agitation, 
delirium, reflex abnormalities, and otherwise, altered 
level of consciousness, pupillary changes, and frontal 
lobe syndrome. Tension pneumocephalus localized in the 
posterior cranial fossa can cause clinical signs of brainstem 
dislocation,[21] including breathing rhythm changes and 
cardiac arrest. Some rare neurological symptoms of tension 
pneumocephalus were reported, such as marked weakness 
of both legs[22] and transient hemiplegia.[23]

Computed tomography (CT) is a golden standard for 
tension pneumocephalus diagnostics. A bilateral subdural 
hypoattenuation (Hounsfield coefficient– 1000) collections, 
causing compression and separation of frontal lobes 
(widened interhemispheric fissure), with separated frontal 
lobes tips on CT scans were described as “Mount Fuji 
sign” by Ishiwata et al. as a pathognomonic sign of tension 
pneumocephalus.[24,25] But in our cases, an intraparenchymal 
air‑filled round cavity is seen in the frontal lobe (tension 
frontal pneumatocele) pneumocephalus also seen in 
subdural, basal cisterns, and communicating with the 
frontal horn of bilateral lateral ventricle with a fracture of 
right frontal and ethmoid sinus.

Tension pneumocephalus treatment includes a complex 
of manipulations directed to removing of intracranial 
air mass effect, adequate skull base defects closure, and 
secondary posttraumatic meningitis prophylaxis. Initial 
treatment is usually conservative, including bed rest in an 
upright position, high concentration oxygen, avoidance of 
maneuvers that might increase intrasinus pressure (such 
as nose-blowing or Valsalva maneuver) and antibiotics 
if there is evidence of meningism. Surgical treatment is 
indicated when there is recurrent pneumocephalus or signs 
of increasing ICP suggesting the development of tension 

pneumocephalus.[26,27] Surgical options include direct 
insertion of a subdural drain connected to underwater 
seal or, indirectly, with the use of a saline-primed camino 
bolt.[28]

Conclusion
Long-term observation of patients with simple 
pneumocephalus following trauma is benefi cial as 
there is an expected risk of developing delayed tension 
pneumocephalus which may manifest with raised 
intracranial pressure. Emergency intervention in these 
situations can be life-saving. Even minor air collection in 
the cranial cavity has a risk of transformation into tension 
pneumocephalus in case of valve mechanism development; 
these patients should be subject to long-term follow-up 
after discharge from the hospital.
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