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Abstract

Background: Pneumocephalus is the presence of air in the cranial cavity. When this intra-
cranial air causes increased intracranial pressure and leads to neurological deterioration, it
is known as tension pneumocephalus (TP). TP can be a major life-threatening postoperative
complication, especially after evacuation of chronic subdural hematoma. We report a case
of TP after evacuation of chronic subdural hematoma and review the literature.

Case Description: A 70-year-old man developed right-sided weakness after being admit-
ted with minor head trauma a few weeks earlier. He was found to have a chronic subdural
hematoma and underwent burr-hole evacuation. On day 3, he suddenly deteriorated and
needed intubation and ventilation. Computerized tomography (CT) of the brain showed
typical Mount Fuji’s sign due to TP. Immediately, 20-30 mL of air was aspirated from the
intracranial fossa, and a catheter drain was inserted. The patient became fully awake after
few hours and was extubated successfully. The drain was removed on day 5, and he was
transferred to the ward before being discharged home.

Conclusion: TP after evacuation of a chronic subdural hematoma is a neurosurgical emer-
gency and needs immediate resuscitation and therapy; hence it is of vital importance that all
acute-care physicians, intensivists and neurosurgeons be aware of this clinical emergency.

Key Words: Catheter drain insertion, Mount Fuji sign, neurological deterioration, pneu-
mocephalus, tension pneumocephalus

INTRODUCTION

25 mL of air can cause TP"'TP and re-bleeding are the
two major postoperative complications of evacuation of
Presence of air in the cranial cavity is termed as chronic subdural hematoma (CSDH).[267911.16]
pneumocephalus; and when this benign air causes

Ane It is of vital importance that all acute-care physicians,
pressure cffect, it is called tension pneumocephalus

intensivists and neurosurgeons be aware of this clinical

(TP). It is manifested by neurological deterioration.
TP is a rare neurosurgical emergency; if not diagnosed
carly and treated properly, it can be fatal. As little as

entity and the need to detect it early and manage properly.
We report a case of TP after evacuation of CSDH and
review the literature.
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ILLUSTRATED CASE

A 70-year-old man developed right-sided weakness of 3
days’ duration. He was admitted 1 month ecarlier with
minor head trauma. The patient’s medical history included
diabetes mellitus and hypertension, both controlled with
medications. Computerized tomography (CT) of the head
showed acute on CSDH. The same day, he underwent burr-
hole evacuation of the hematoma and was postoperatively
transferred to the surgical intensive care unit (SICU). He
was awake and hemodynamically stable, and a follow-up
CT brain evidenced pneumocephaly. On day 3, the patient
became unresponsive, flexing response to deep pain, and
became bradyapneic. He needed intubation and ventilation.
An emergency CT evidenced TP [Figure 1]. Bedside burr-
hole drainage was done. About 20 to 30 mL of air was
aspirated and a catheter drain was inserted. He was nursed
in supine position. He improved promptly and became
awake. He was successfully weaned off the ventilator. On day
5, repeat CT revealed minimal residual air; he was extubated
and the subdural drain was removed. The patient’s response
improved and he remained hemodynamically stable. He was
transferred to the ward on day 8 and discharged home a few
days later with instructions to present for follow-up in the
outpatient department.

DISCUSSION AND REVIEW OF THE
LITERATURE

Pneumocephalus is common after intracranial surgery
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and trauma; it usually gets absorbed without any clinical
manifestations. Rarely, due to various etiological factors,
this benign air will get trapped into the cranial cavity
leading to an increase in the intracranial pressure and
causing neurological deterioration. This clinical entity
is termed tension pneumocephalus (TP). TP is a rare
but life-threatening postoperative complication of the
evacuation of CSDH.[23>7111%16]

Epidemiology and risk factors

So far, only 30 cases of TP following the evacuation of
CSDH have been reported [Table 1], with a reported
incidence of TP varying from 2.5% to 16%.551¢

The main risk factors are (i) replacement of chronic
subdural hematoma with  oxygen,!!! (ii) position
and duration of the surgery,'®7! (iii) intraoperative
administration of mannitol or frusemide,”1%7  (iv)
nitrous oxide anesthesia,”’ (v) gross hydrocephalus,!! (vi)
functioning ventriculo-peritoneal shunt,™!”! (vii) lumbo-
peritoneal drainage!™ and (viii) drain insertion after the
hematoma cavity is irrigated.!"!

Physiopathology

TP occurs when the volume of cerebrospinal fluid (CSF)
decreases during surgery, but it can also occur due to
other reasons. Air will rush into the brain spaces via bony
or dural defects to fill, and get collected in, the negative
pressure space created by the loss of CSE. When the CSF
volume is restored, but volume of air remains the same,
it leads to air trapping and TP

Figure |: CT brain showing Mount Fuji sign

Table 1: Tension pneumocephalus after evacuation of chronic subdural hematoma — number of cases and treatment

Author Primary Etiology Number of Cases  Treatment Given

Sharma et al.!"® Chronic subdural hematoma (CSDH) 5 Twisted-drill craniostomy and aspiration of air
Cummins!™ CSDH 1 Catheter aspiration of air

Mori and Maeda!"¥ CSDH 4 Reopening the wound

Parkash et al.l"® CSDH 1 Invasive ventilation

Toung et al." CSDH 4 Craniostomy

Kawakami et al.l"” CSDH 1 Closed-system drain

Bremer and Nguyen®! CSDH 3 Craniostomy and drain

Caron et al.! CSDH 1 Craniostomy and lumbar subarachnoid infusion
Bouzarth et al.¥ CSDH 5 Percutaneous catheter drain with —ve pressure
Ishiwata et al.®®! CSDH 5 Burr hole
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Diagnosis

A CT scan of the brain is the most sensitive method and
a gold standard for diagnosis of TP. CT imaging is also
helpful in differentiating TP from benign forms. The CT
will show the typical ‘Mount Fuji’ sign — bilateral hypo-
attenuating collection causing compression and separation
of the frontal lobes and widening of interhemispheric
space between the tips of the frontal lobe, giving a picture
of the silhouctte of Mount Fuji [Figure 1].1'

Criteria for the diagnosis of TP are (a) typical CT brain
findings, (b) neurological deterioration, (c) hissing sound
of escape of air and (d) immediate improvement in the
neurological status upon aspiration of air." An exception
to these criteria has recently been reported, that even
smaller amounts of air around the brainstem can lead to
compression of the vital center, causing neurological and
respiratory deterioration. ")

Management

TP is a neurosurgical emergency, and the patient should
immediately be started on a higher concentration of
inspired oxygen and maintained in supine position.
If the Glasgow coma score (GCS) decreases below §,
endotracheal intubation is needed. Simultaneously, one
can reopen the frontal burr hole to release the air; or a
new bedside burr hole can be made for aspiration of the
air and insertion of a catheter drain to lessen the risk of
infection; or a twisted-drill craniotomy can be performed
with insertion of a drain.7:1¢!

In patients with evacuation of CSDH, brain tissues will
not expand immediately to fill the space created. To
avoid development of TP flushing of subdural space
with saline, placement of patient on 100% oxygen
before closing the wound with head elevation in supine
position, and insertion of close-system drain should be
considered. The drain can be kept for a maximum of 48
hours to minimize the chance of infection, venting the
residual intracranial air, and the patient should be nursed
in a supine position.”?) Burr-hole aspiration of subdural
hematoma, without drain insertion, can cause sudden
decompression of the brain and may lead to convulsion
or postoperative brain infarction.’) Aung et al. inserted
a closed-system drain in all patients with post—'chronic
subdural hematoma evacuation, and none of their
patients had TP or brain infarction or convulsion in the
postoperative period.?

Sharma et al." recommended twisted-drill craniotomy
and aspiration of the air using a brain cannula with three-
way connection. Caron et al.®! managed their case of TP
after evacuation of CSDII by craniotomy drainage and
with continuous lumbar subarachnoid infusion. While
Toung et al." treated their TP patient by craniostomy,
Bouzarth® described percutancous catheter connected
to negative pressure for release of TP Cummins used
indwelling drain catheter to aspirate the air and relieve
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TP in his patient.”” An overview of reported cases is
summarized in Table 1.

There are advantages and disadvantages [Table 2]
of keeping the drain after evacuation of CSDH.
The benefits of inserting the drain are a significant
decrease in  the incidence of recurrence of
hematoma; and re-evacuation of hematoma, as
well as continuous drainage of residual hematoma
and pneumocephalus.®  Drains also decrease the
convalescent period and promote wound healing.!”
The disadvantages are brain tissue injury,!® risk for
infection, subdural empyema and bleeding.!'®!

We believe that, keeping the drain helps the patient, and
disadvantages of the drain can be prevented by meticulous
precautions during insertion, following strict aseptic
technique and removal of the drain as early as possible.

Rarely, a smaller amount of air in the extra-axial space
around the brainstem after evacuation of CSDH in
supine position can cause vital center compression, as
reported by Parkash et al® They reported that, this
led to localized tension. Due to the location and tiny
pneumocephalus, this was managed conservatively. The
patient improved after a few hours of invasive mechanical
ventilation.!"”)

Prevention

Prevention of TP begins as soon as the patient gets
admitted to the hospital with the primary pathology and
includes obtaining consent for the surgical procedure,
educating the patient and family about the risk factors
of TP and applying all possible measures to avoid them.
Intraoperative saline flushing, avoiding nitrous oxide,
supine position and a closed-system drain will all help
in preventing TP2!02020 Kravtchouk et al.l"! suggested
that rapid manipulation associated with insertion and
removal of the drain, keeping the drain sealed during the
entire procedure, may prevent occurrence of TP Finally,
meticulous postoperative neurological monitoring is vital
for carly detection of any deterioration.

CONCLUSION

TP after evacuation of the chronic subdural hematoma

Table 2: Pros and cons of drain, after evacuation of
chronic subdural hematoma

Pros Cons

Significantly prevents recurrence Brain injury!®

of hematoma'®!

Infection!*®!

Subdural empyemal'®!

Hemorrhage from neomembrane!'®!

Decreases re-operation ratel?’
Drains residual hematomal?”
Promotes wound healing'®
Decreases convalescent period'®
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1s a neurosurgical emergency. Closed-system drains will
significantly prevent TP, TP needs immediate resuscitation
and therapy; hence it is of vital importance that all acute-
care physicians, intensivists and neurosurgeons be aware
of this clinical emergency.

REFERENCES

. AokiN,Sakai T. Computed tomography feature immediately after replacement
of haematoma with oxygen through Percutaneous subdural tapping for the
treatment of chronic subdural haematoma in adults.Acta Neurochir (Wein)
1993;20:44-6.

2. Aung TH, Wong WK, Mo HP, Tsang CS. Management of chronic subdural
haematoma: Burr hole drainage, replacement with Hartmann’s solution,and
closed-system drainage. Hong Kong Med ] 1999;5:383-6.

3. Bremer AM, Nguyen TQ.Tension pneumocephalus after surgical treatment
of chronic subdural hematoma: Report of three cases. Neurosurgery
1982;11:284-7.

4. Bouzarth WF, Hash CJ, Lindermuth JR. Tension pneumocephalus following
surgery for subdural hematoma. | Trauma 1980;20:460-3.

5. Caron JL, Worthington C, Bertrand G. Tension pneumocephalus after
evacuation of chronic subdural hematoma and subsequent treatment
with continuous lumbar subarachniod infusion with craniostomy drainage.
Neurosurg 1985;16:107-9.

6.  Cuatco W, Amini J, Yoon JY, Farrow L. Brain penetration and intracerebral
hemorrhage following Jackson-Pratt drain insertion.Acta Neurochir (Wien)
1983;67:155-9.

7. Cummins A.Tension pneumocephalus is a complication of chronic subdural
haematoma evacuation. ] Hosp Med 2009;4:E3-4.

8.  IshiwataY,Fujitsu K, Sekino T, Fujino H, Kubokura T,Tsubone K, et al. Subdural
tension pneumocephalus following surgery for chronic subdural hematoma.
J Neurosurg 1988;68:58-61.

9.  Kahen S, Shapiro H, Drummond |, Todd MM, Zehman V. Nitrous oxide
withdrawal reduces intracranial pressure in the presence of pneumocephalus.

20.

21.

http://www.surgicalneurologyint.com/content/ 1/1/27

Anesthesiology 1986;65;162-5.

Kawakami Y, Tamiya T, Shimamura Y, Yokoyama Y, Chihara T. Tension
pneumocephalus following surgical evacuation of chronic subdural hematoma.
No Shinkei Geka 1985;13:833-7.

Kravtchouk AD, Likhterman LB, Potapov AA, El-Kadi H. Postoperative
complications of chronic subdural hematoma: Prevention and treatment.
Neurosurg Clin N Am 2000; 1 1:547-52.

Katsuya S, JoJi I, Takumi K, Masashi N, Fumio K.Tension pneumocephalus as
a complication of lumbar drainage for cerebral aneurysm surgery. Neurol
Med Chir (Tokyo) 2009;49:252-4.

Lunsford LD, Maroon ]JC, Sheptak PE, Albin MS. Subdural tension
pneumocephalus: Report of two cases. ] Neurosurg 1979;50:525-7.

Mori K, Maeda M. Surgical treatment of chronic subdural haematoma in 500
consecutive cases: Clinical characteristics, surgical outcome, complication and
recurrence rate. Neuro Med Chir (Tokyo) 2001;41:371-81.

Parkash PS, Jain V, Sandhu K, Walia BS, Panigrahi BP. Brain stem tension
pneumocephalus leading to respiratory distress after subdural haematoma
evacuation. Eur | Anaesthesiol 2009;26:795-7.

Sharma BS,Tewari MK, KhoslaVK, Pathak A, Kak VK. Tension pneumocephalus
following evacuation of chronic subdural haematoma. Br | Neurosurg
1989;3:381-8.

Satapathy GC, Dash HH.Tension pnumocephalus after neurosurgery in supine
position. Br ] Anaesth 2000;84:1 |5-7.

Smely C, Madlinger A, Schermet R. Chronic subdural hematoma: A
comparison of two different modalities of treatment.Acta Neurochir (Wien)
1997;139:818-25.

Toung T,Donham RT, Lehner A,Alano J, Compbell JN.Tension pneumocephalus,
after posterior fossa craniotomy: Report of four additional cases and review
of postoperative pneumocephalus. Neurosurg 1983;12:164-6.

Tsutsumi K, Maeda K, Lijima A, Usui M, Okada Y, Kirino T. The relationship
between pre-operative magnetic resonance imaging findings and closed
system drainage in recurrence of chronic subdural hematoma. ] Neurosurg
1997,87:870-5.

Wessling H, de las Heras P. Spontaneous acute subdural haematoma caused
by tension pneumocephalus.Acta Neurochir (Wien) 2005;147:89-92.



