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ABSTRACT

Introduction: Neuraxial techniques, including epidural anaesthesia, are often used for perioperative pain control
and are generally safe. However, both transient, mild and even severe, life-threatening neurologic complications
can occur. Case presentation: A seventy-eight-year-old man was admitted to the hospital for a radical nephrectomy
plus transurethral resection due to kidney and bladder cancer. During the epidural exploration, an accidental dural
puncture was noted. This was followed by the patient complaining of an intense headache. The epidural catheter was
placed in a different location, and surgery was performed uneventfully. The patient presented with confusion, agita-
tion, vertical nystagmus, vision loss, and paraparesis about two hours later. The epidural levobupivacaine and mor-
phine infusion were stopped, followed by motor block resolution. A computerized head-tomography scan showed
extra-axial multiple air spots involving the frontal and temporal lobes. Emergent hyperbaric oxygen therapy was
commenced. After a single session, there was complete resolution of all symptoms and a marked reduction in the
number and volume of the extra-axial air visible on the CT scan. Conclusions: Although rare, pneumocephalus is
a well-recognized complication of a dural puncture. Its rapid recognition in a patient with new-onset neurological
symptoms and early treatment with hyperbaric oxygen therapy allows rapid clinical and imaging resolution and an

improved prognosis.
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B INTRODUCTION

The use of neuroaxis procedures, either as an anaes-
thetic or perioperative pain control, is generally safe.
However, an increase in its use has led to a rise in the
number of complications reported [1], namely local
haemorrhage or infection, subcutaneous emphysema,
venous embolism, spinal cord or nerve root compres-
sion, cardiac arrest and pneumocephalus [2].

Pneumocephalus refers to air in the intracranial cav-
ity, either in the epidural, subdural, subarachnoid, and
intraventricular or intraparenchymal space [3]. Trau-
ma, both head and facial, is the most common cause,
although neoplasms, central nervous system infec-
tions, congenital anatomical defects, barotrauma, posi-
tive pressure ventilation, surgical or anaesthetic proce-
dures have also been reported [4].

Pneumocephalus is a rare complication of epidural
catheterization, usually resulting in the accidental in-
jection of air into the intrathecal space [1,5]. Although
controversial, this epidural “air technique” is generally
regarded as safer in case of an accidental dural punc-
ture, though it may be associated with a higher rate of
other complications [1,2].

The clinical presentation of pneumocephalus is
nonspecific and may overlap the post-dural puncture
headache or opioid intoxication. The most common
symptom is severe post-puncture headache, commonly
associated with confusion, vomiting, nausea, dizziness,
seizures, motor weakness or focal neurological symp-
toms [6]. As little as two mL of air can be symptomatic.
Clinical severity depends on the distribution and the
amount of intracranial air [1]. Pneumocephalus is eas-
ily diagnosed with a computerized head-tomography
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(CT) scan, which can detect an amount of air as low as
0.5mL [7].

Treatment depends on the severity of clinical pres-
entation. Typically, complete reabsorption of the air
occurs after 2-5 days [8]. Bed rest, head elevation, oxy-
gen therapy, avoidance of Valsalva manoeuvres and
cough is recommended [4]. In the more severe cases,
hyperbaric oxygen therapy, although controversial, can
be beneficial [3,5,9], especially in highly symptomatic
patients, with multiple air bubbles on imaging or with
hemodynamic compromise. The high concentration of
provided oxygen replaces the nitrogen in the air bub-
bles, allowing its reabsorption [3]. Despite the small
number of cases reported and the absence of clear rec-
ommendations, hyperbaric oxygen therapy appears to
be associated with faster symptoms relief and clinical
improvement.

B CASE PRESENTATION

A seventy-eight-year-old male was admitted to the Hos-
pital Vila Franca de Xira, a community general hospital
in Vila Franca de Xira, Portugal, for a general urologi-
cal procedure. An abdominal CT scan performed eight
days previously showed a large exophytic left kidney
mass and diffuse thickening of the bladder wall, highly
suggestive of malignancy. His past medical history in-
dicated that he had hypertension, paroxysmal atrial fi-
brillation, cerebrovascular disease, ischemic coronary
artery disease with congestive heart failure, dyslipidae-
mia, smoking-related chronic obstructive pulmonary
disease, and chronic inflammatory anaemia.

A left radical nephrectomy with transurethral resec-
tion of the bladder (TUR-B) was performed. On the
second day post-admission, a left radical nephrectomy
with transurethral resection of the bladder (TUR-B)
was performed. The surgical procedure lasted three
hours under combined general anaesthesia, induced
with propofol (Baxter, Utrecht, Netherlands), fentanyl
(Labesfal, Tondela, Portugal) and rocuronium (Hikma,
Terrugem, Portugal), and maintained with sevoflurane
gas (Baxter, Lessines, Belgium) and intrathecal lev-
obupivacaine (Fresenius Kabi, Tondela, Portugal) plus
morphine (B Braun, Jaen, Spain) bolus. This was well
tolerated despite significant blood loss, with the hae-
moglobin concentration decreasing from 10.7 g/dL to
6.6 g/dL during the surgery.

The epidural catheterization was performed at the
L3-14 level, using the “saline search” technique. Dur-
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ing this procedure, an accidental dural puncture, 2.5cm
in length, occurred.

The patient immediately reported having a head-
ache; this was resolved with the removal of the catheter.
A second L4-L5 epidural catheter, six cm in length, was
uneventfully placed 3.5cm inside the epidural space,
using the loss of resistance “air” technique. Intrathecal
boluses of 15mg of levobupivacaine (Fresenius Kabi,
Tondela, Portugal) and 2mg morphine (B Braun, Jaen,
Spain) were given one hour after the beginning of the
surgery without any further complication.

The patient was admitted to the intensive care unit,
immediately postoperative and two days after admis-
sion to the hospital.

On admission to the intensive care unit, he was
drowsy due to residual sedation. On physical examina-
tion, no motor deficits were noted. Epidural levobupi-
vacaine (Fresenius Kabi, Tondela, Portugal) and mor-
phine (B Braun, Jaen, Spain) infusion were started for
pain control. About two hours later, the patient became
confused and agitated. Vertical nystagmus, vision loss
and paraparesis, more prominent on the left side, were
noted. The epidural infusion was immediately stopped,
resulting in the resolution of the motor block.

Due to the previous unintended dural puncture,
a head CT scan was immediately performed. This
showed multiple extra-axial air bubbles involving both
hemispheres’ frontal and temporal lobes. (Figure 1).

Despite three hours having elapsed since the end of
the surgery, significant neurological deterioration was
still present, with no evidence of spontaneous clinical
improvement. Arrangement for an immediate eight-
hour hyperbaric oxygen therapy session, with a 2.8 at-
mospheres pressure, equivalent to a depth of 18 meters,
in the Lisbon Hyperbaric Medicine Center was made.

A hyperbaric oxygen therapy session was started
seven hours after the end of the surgery. The treatment
was well-tolerated, and no complications were report-
ed. Significant clinical improvement was noted only
four hours after starting this treatment, with complete
resolution of the neurological manifestations. The pa-
tient returned to the intensive care unit at Hospital Vila
Franca de Xira after the hyperbaric oxygen treatment.

A second head CT scan was performed on the sec-
ond postoperative day, five hours after the end of the
hyperbaric oxygen therapy session, showed a signifi-
cant reduction in the air bubble volume (Figure 2),
with only minor residual air foci in the right anterior
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Fig. 1. Cranioencephalic computerized tomography after the surgery: the presence of several small gas foci scattered in
an extra-axial location involving the frontal and temporal region of both hemispheres (with a slight left predominance).
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Fig. 2. Cranioencephalic computerized tomography after the hyperbaric oxygen therapy: reduction in the total number
and volume of intracranial air bubbles. Small air foci persisted in the right anterior subdural space, left frontal and tem-

poral cortical grooves.

subdural space, in the left frontal and temporal corti-
cal grooves. No further hyperbaric oxygen therapy was
needed.

The patient was transferred to the urology ward on
the fifth hospital day and was discharged on the follow-
ing day.

H DISCUSSION

A clinical case study is reported of an iatrogenic pneu-
mocephalus resulting from air injected into the epi-
dural space during a common anaesthetic technique.
Significant and persistent neurological disability was
noted that quickly resolved after hyperbaric oxygen
therapy treatment.

Pneumocephalus is rare but may occur as a com-
plication of the “air technique” for epidural catheter
placement [1,5,6]. Even small amounts of air (<2mL)
may lead to pneumocephalus, with disabling neuro-

logical symptoms, as shown in this case. It has been
suggested that the “air technique” should be replaced
by a “saline technique” [2]. In our patient, the “air tech-
nique” was performed as a rescue procedure after an
asymptomatic complication of the “saline search” due
to the unusual short depth of the dural space to prevent
another accidental dural puncture.

It is hypothesized that this small amount of air could
have resulted in a progressive dissection of the neuro-
logic fibres and worsening of the neurological and cog-
nitive manifestations. The clinical picture may overlap
a common post-operatory evolution, with drowsiness
or delirium triggered by anaesthetic drugs or opioid
analgesia and motor block complicating epidural an-
algesia. Consequently, we believe that it is imperative
to maintain a high level of suspicion when any air is
injected into any layer of the neuroaxis.

Headaches may complicate dural puncture in as
much as 40-80% of episodes [5,10] and should be re-
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garded as an earlier warning sign during postopera-
tive care. In our patient, an early headache, along with
worsening neurological deterioration that occurred
after a neuroaxis approach, lead to a high suspicion of
pneumocephalus. A head CT scan confirmed the di-
agnosis.

Early recognition allowed an early referral for hy-
perbaric oxygen therapy. Although controversial, hy-
perbaric oxygen therapy appears to accelerate air “wash
out’, leading to faster neurological recovery and pre-
venting further deterioration, as we reported in this
case. Its rationale is based on Boyle’s Law, the reduction
in inert gases volume and diameter, a consequence of
the high pressure, creates a gradient that promotes oxy-
gen diffusion and nitrogen replacement. Consequently,
hyperbaric oxygen therapy promotes a more rapid ex-
change of nitrogen with oxygen, which is more soluble,
and quickly reabsorbed [3].

The hyperbaric oxygen therapy treatment duration
should be guided by clinical and radiographic evolu-
tion. In our case, only one treatment was needed to re-
solve the whole clinical picture, in line with previous
reports [5,9].

Of note, the hyperbaric oxygen therapy treatment
may also be complicated by toxicity. Common clini-
cal manifestations are middle ear barotrauma, nau-
sea, confusion, myopia and, rarely, seizures [11]. Its
prevention relies mainly on ensuring large enough
intervals between treatments or periodically reducing
oxygen supplementation during the hyperbaric oxygen
therapy session. Transferring a critically ill patient to a
hyperbaric chamber may not be straightforward; care-
ful evaluation of the patient’s situation should be given
priority.

We concur that hyperbaric oxygen therapy should be
considered in severe cases of pneumocephalus, espe-
cially in patients with progressive and persistent symp-
toms, promoting faster resolution of pneumocephalus
and a shorter ICU and hospital length of stay [3].

B CONCLUSION

Pneumocephalus is a rare complication of epidural
catheterization with the “air technique”. It may lead to
devastating neurological consequences, and therefore,
in the appropriate setting, a high level of suspicion is
imperative. Early hyperbaric oxygen therapy could im-
prove clinical recovery, better prognosis, and a shorter
stay in both hospital and intensive care units.
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