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BACKGROUND Percutaneous endoscopic lumbar decompression is gaining attention as a minimally invasive surgery. Here, the authors report a rare
complication of pneumocephalus caused by vacuum drain after biportal endoscopic spinal surgery (BESS) for lumbar stenosis.

OBSERVATIONS A 79-year-old woman with spinal stenosis over the L4–5 level received BESS. No visible dural tear was encountered during surgery,
and a vacuum drain was placed after surgery. Approximately 150 mL of cerebrospinal fluid was drained on postoperative day 1. Simultaneously,
symptoms of intracranial hypotension were noted. Brain computed tomography (CT) revealed pneumocephalus. The patient was advised to have bed
rest and hydration, and her symptoms improved subsequently. Follow-up brain CT indicated the resolution of pneumocephalus.

LESSONS Pneumocephalus after endoscopic lumbar surgery is rare. Dural tear, high rate of normal saline irrigation, and vacuum drain placement are
the associated risk factors.
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Pneumocephalus is defined as the presence of air or gas within
the cranial cavity.1 The first case of pneumocephalus was described
by Lecat in 1866,2 but the term “pneumocephalus” was first used
by Wolff in 1914 to describe this unusual condition.3 The leading
causes of pneumocephalus are head trauma and disruption of the
skull or skull base from cranial surgery, thereby trapping air in the
cranial vault.4 Dural injury is another important etiology of pneumo-
cephalus. Although it is uncommon, pneumocephalus could occur
after invasive spinal procedures, such as spine surgery, lumbar
puncture, and spinal anesthesia.5

Percutaneous endoscopic lumbar decompression (PELD), both
uniport and biport, is gaining increasing attention. PELD allows the
spine surgeon to treat patients through smaller incisions, unlike tra-
ditional surgery. One of the major differences between PELD and
traditional microsurgery decompression is the surgical field. The
surgical field of traditional microsurgery lumbar decompression is

kept clean by suction, and the tissues are directly exposed to air
while the surgical field of PELD is maintained by continuous normal
saline irrigation. The working space of PELD is soaked with water,
which acts as a barrier between tissue and air. Complications of
PELD are inevitably the same as those of traditional microsurgery
decompression, such as inadequate decompression, nerve root in-
jury, and dural tear. However, pneumocephalus after endoscopic de-
compression is rare and unexpected. We present a case of
pneumocephalus that occurred because of vacuum drain placement
after biportal endoscopic spine surgery (BESS) without intraopera-
tive dural tear.

Illustrative Case
A 79-year-old woman with a history of hypertension reported to

our pain clinic for low back pain. She had been experiencing low
back pain for more than 3 years. She had undergone physical
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therapy, acupuncture, and pharmacotherapy; however, the results
were unsatisfactory. Her symptoms had worsened with claudication
and decreasing muscle power before she visited our clinic. Neuro-
logical examination revealed L5 dermatome paresthesia and de-
creased muscle power over the extensor longus. These signs and
symptoms were dominant on the right side. Plain film radiography
indicated some degeneration over several levels of the lumbar
spine with spurs. No obvious spondylolisthesis was noted on the
flexion-extension view. Magnetic resonance imaging (MRI) reported
a hypertrophic flavum ligament with dural sac compression at the
L4–5 level. The compression was categorized as grade C according
to the Schizas grading system, indicating severe stenosis (Fig. 1A).

BESS via an interlaminar approach was arranged with the pa-
tient under general anesthesia. The patient was placed in the prone

position with hip flexion. Two small incisions were made through
the deep fascia over the L4–5 level. The smaller incision of approxi-
mately 6 mm was made for the endoscope tunnel with continuous
normal saline irrigation, and a larger incision of approximately
10 mm served as the instrument portal and the outflow for normal
saline. A normal saline bag was set at approximately 20 cm above
the operation plane.

The hypertrophic flavum ligament was removed, and the bilateral
lateral recess was decompressed. Neither root injury nor dural tear
was found during the operation (Fig. 2). A vacuum drain was in-
serted through the working tunnel until reaching the epidural space
and was fixed. The wound was closed with subcutaneous Vicryl su-
tures and sterilized strips. The whole operation lasted approximately
170 minutes, and the blood loss was minimal.

On postoperative day (POD) 1, the patient felt better with re-
spect to the low back pain and bilateral leg paresthesia. A total of
150 mL of CSF was drained, and the vacuum drain was removed
immediately. An occult dural tear with CSF leakage was impressed.
Meanwhile, the patient developed a headache with nausea and diz-
ziness, which was aggravated by standing up and relieved by lying
down. Intracranial hypotension was suspected, and brain computed
tomography (CT) was performed on POD 3, which indicated pneu-
mocephalus with air dispersed in the bilateral ventricles and sub-
arachnoid space (Fig. 3A).

Bed rest (supine position), analgesics, and normal saline hydra-
tion were administered as treatment. We constantly monitored the
patient’s Glasgow Coma Scale (GCS) scores. Approximately 1 week
after the operation, the intensity of headache and sensation of nau-
sea decreased. During these days, the patient’s GCS score was
the same, and E4V5M6 and bilateral L5 radiculopathy improved
considerably. The patient was discharged and was kept under
follow-up.

One month after the operation, no pneumocephalus was observed
on brain CT (Fig. 3B). Postoperative lumbar MRI was performed
4 months later and indicated proper decompression and no fluid ac-
cumulation in the spinal canal (Fig. 1B) or any other location.

Discussion
Observations

In this report, we used the PubMed database for our literature re-
view. The following keywords were used: (endoscopic) AND (lumbar)
AND (pneumocephalus). Only two cases of pneumocephalus after en-
doscopic lumbar decompression were reported (Table 1).6,7 Compared

FIG. 1. A: Sagittal and axial views of MRI indicated Schizas grade C
stenosis. B: MRI performed 4 months later indicated no fluid accumula-
tion over the decompression area.

FIG. 2. A: Ipsilateral decompression. B: Contralateral sublaminar decompression.
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with two other cases, our case is different in terms of an invisible intra-
operative dural tear and the placement of a vacuum drain.

Most of the pneumocephalus after lumbar spine surgery could
be explained by two major theories:8 the inverted bottle theory and
the ball valve theory.9,10 The inverted bottle theory deduces that the
negative pressure caused by CSF leakage is replaced by air until
the intracranial pressure and extracranial pressure reach equilib-
rium. The ball valve theory speculates that the air enters the intra-
cranial cavity through a dural defect, which also acts as a one-way
valve and traps the air. The dural defect plays a key role in both
theories. The dura could be violated directly and indirectly. The di-
rect dural injury, encountered in the other two cases, is caused by
surgical instruments during the operation, whereas indirect dural in-
jury may result from a high-pressure gradient produced by a settled
vacuum drain. Furthermore, the high-pressure gradient aggravates
the CSF leakage. We speculate that the worn dura or the violated

dura with intact arachnoid membrane is vulnerable to the indirect in-
jury. In our case, we believe both direct injury and indirect injury
played roles in an invisible dural tear and vacuum drain aspiration.

Normally, the whole surgical field of endoscopic spine surgery is
soaked with water and is separated from air. How did the air get into
the intrathecal space through the dural defect under this water-filled
environment? There are two possible mechanisms. First, the air is
trapped by normal saline and is introduced into the surgical field and
subarachnoid space by repetitive entry and exit of tools through the
working channel.6 This is the theory proposed by Lin et al.6 Second,
when the CSF is drained out, the pressure of the intrathecal space is
relatively lower. Once the vacuum bottle was disconnected from the
drain tube, the air flowed in through the drain tube. We believe that
the second mechanism accounts for the air inflow in our case and
explains why pneumocephalus was not noted immediately after the
operation in comparison with other two cases.

Under the situation of an intact dura, Joh et al.11 proposed that
the massive use of normal saline irrigation during the operation is
somehow related to the increase in epidural pressure and intracra-
nial pressure (ICP). If an inadvertent dural tear occurs, a connecting
pipe is formed. We suppose that ICP is gravely impacted not only
by normal saline epidural compression but also by normal saline
entering the intrathecal space via the dural defect. It is reasonable
to deduce that the increase in ICP is positively correlated with the
size of the dural tear and the pressure provided by normal saline ir-
rigation. Intraoperatively, a clear surgical field was maintained by
continuous normal saline irrigation. The height of a normal saline
bag is approximately 20–30 cm above the surgical field. If bleeding
is confronted, the pressure of irrigation can be elevated by com-
pressing the normal saline bag or adjusting the height of the normal
saline bag. Uchida et al.12 described that the increase in ICP re-
duced the frequency of seizures in a case of status epilepticus. The
relationship between seizures and ICP has been proposed but not
clearly identified. Whether changes in ICP can evoke seizures re-
mains controversial.12 Lin et al.13 proposed that the appearance of
the Cushing triad during the operation is a prodrome of seizure af-
ter PELD. After reviewing anesthesia records, no Cushing triad oc-
curred during the operation. In addition, the normal saline outflow is
less impeded in BESS than in uniport endoscopic spine surgery. It
is unclear which type of endoscope was used in the other two
cases because it is not mentioned in the literature. The major differ-
ence between our case and the other two case lies in the size of
the dural defect during the operation, and we assume that is why
seizure and coma did not occur in our case.

FIG. 3. A: CT performed on POD 3 indicated air dispersion within the
ventricle and subdural space. B: CT performed 1 month later indicated
resolution of the pneumocephalus.

TABLE 1. Characteristics of the three cases

Authors & Year
Age (yr)/
Sex

Time Until
Development

of PNC Type of Op Signs & Symptoms Image Treatment Dural Tear Drain

Lin et al., 20196 63/M Immediately
after op

PELD for L3/4 Seizure (GTC) & conscious
disturbance

CT HBO2 1 −

Kim et al., 20117 67/F Immediately
after op

PELD for L3/4 Seizure (GTC) & conscious
disturbance

CT/MRI Conservative 1 −

Present case 79/F 1 day PELD for L4/5 Headache & nausea CT Conservative − 1

CT = computed tomography; GTC = generalized tonic-clonic; HBO2 = hyperbaric oxygen therapy; MRI = magnetic resonance imaging; PELD = percutaneous endo-
scopic lumbar decompression; PNC = pneumocephalus.
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In addition to the compression and influx of normal saline irriga-
tion, Kim et al.7 proposed that the inhalation of nitrous oxide (N2O)
could also increase ICP. N2O is used for maintaining general anes-
thesia, and the partial pressure of N2O in the air is low. Once the
dissolved N2O contacts the entrapped air, the N2O escapes from
solution and expands the pneumocephalus. There is no record of
N2O use in our case.

Lessons
Percutaneous endoscopic lumbar decompression is a minimally

invasive technique that has been proved to be effective and safe.
However, pneumocephalus, a rare complication, can occur even
without dural tear during the procedure. Hence, it is crucial to avoid
dural tear during the operation. Second, it is important to maintain
adequate homeostasis without pumping normal saline or elevating
the normal saline bag to a higher level. Third, the operation time
should be shortened. Finally, as seen in this case, the placement of
a vacuum drain should be avoided.
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