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radiating pain to the anterior aspect of her left thigh and calf. CT 
scan showed stenosis in L3–4, herniated disc and vacuum with-
in the disk space in L2–3 and L5–S1 where scattered gas was also 
observed in the extruded disc of both levels (Fig. 1A, B). MR ex-
amination confirmed the disk herniation and also exhibited the 
signal void areas consistent with the gas in L2–3, L5–S1 levels, 
but not in L3–4 level (Fig. 1C).

Operation and postoperative course 
She underwent a partial hemilaminectomy, foraminotomy at 

L2–3, L3–4, L5–S1 three levels, and discectomy at only L2–3 
and L5–S1 two levels. Her symptoms resolved during the post-
operative period, but she returned to the hospital 2 weeks after 
discharge, with complaints of recurrent preoperative symptom. 
She was re-evaluated clinically and with imaging studies, in-
cluding radiography, CT, and MR imaging. Her leg pain was 
similar to what she had experienced before the surgery. Howev-
er, contrary to the previous symptoms, the patient complained 
of the aggravation of symptoms with weight-bearing. Partial re-
lief of pain was gained while patient was sitting and recumben-
cy. There was no motor or sensory deficit. Laboratory studies to 
rule out the possibility of infection showed no abnormal find-
ing. Radiographs showed the narrowing of the L2–3 and L5–S1 

INTRODUCTION

Free air in the spinal canal has been presented in a number of 
situations, but it is rare for patients to develop symptomatic epi-
dural gas (EG) after spinal surgery. Only 3 cases of EG, after sur-
gery on the lumbar spine followed by the operative procedure, have 
been reported in the literature2,8,17), but pathogenetic mecha-
nism is still unclear so far.

 The aim of this report is to alert the neurosurgeons to this po-
tential complication, demonstrate the radiological imaging find-
ings, especially the combined use of computed tomography (CT) 
and magnetic resonance imaging (MRI), in symptomatic spinal 
EG, following an open discectomy, and to reconsider the patho-
genetic mechanism of postoperative EG in association with the 
vacuum phenomenon. To the best of our knowledge, this is the 
first case of postoperative symptomatic EG, which occurred in 
the distant two levels, simultaneously, after lumbar microdiscec-
tomy. This case was illustrated by both CT and MRI.

CASE REPORT

Presentation and examination 
A 68-year-old woman was presented with lower back pain and 
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disk space, vacuum phenomenon and post-laminectomy defect. 
Minimal dynamic instability was seen in L2–3 level. MR image 
showed epidural, signal void, space-occupying, cyst-like lesions 
in L2–3 and L5–S1 level, which suggested air or calcified disk 
fragment. Granulation tissue around the gas was observed in the 
surgery site (Fig. 2A). A subsequent non-contrast CT of the lum-

bar spine confirmed well-defined, ovoid air-attenuation in the epi-
dural space in L2–3 and L5–S1 level (Fig. 2B). The gas was com-
pressing the dural sac and right L3 and left S1 nerve root. The 
patient received conservative treatment, including absolute bed 
rest (ABR), steroid, nonsteroidal anti-inflammatory drug medi-
cation for 2 weeks, but her neurologic condition did not improve. 
Follow-up CT revealed the increased amount of EG (Fig. 3A).

Fig. 1. Preoperative sagittal CT and magnetic resonance imaging find-
ings. A sagittal computed tomography (A : L2–3, B : L5–S1) and mag-
netic resonance image (C) reveal disc herniation containing air in L2–3, 
L5–S1 level. Vacuum phenomenon is also noted within intervertebral disk 
space in L2–3, L5–S1 level.

A

B C Fig. 2. Postoperative sagittal computed tomography and magnetic reso-
nance imaging findings (2 weeks after the first operation). A : A sagittal 
T2-weighted magnetic resonance image demonstrates a signal void 
compressing thecal sac and nerve roots at L3 body and L5–S1 disc lev-
el. Granulation tissue (arrow) around the cyst is seen. B : A sagittal com-
puted tomography shows the mass of low density indicating air bubble 
at L3 body and L5–S1 disc level.

A B

Fig. 3. Series of computed tomography finding. A : Postoperative computed tomography imaging findings (2 weeks after the first operation). B : 
Computed tomography imaging (after needle aspiration) : the amount of epidural gas was decreased. C : Computed tomography imaging (1 week af-
ter the needle aspiration) : the amount of epidural gas increased again. D : Computed tomography imaging findings (after the revision surgery). E : 
Computed tomography imaging findings (1 year after the revision surgery).

A B C D E
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Needle aspiration/postoperative course 
Needle aspiration was performed in L2–3 and L5–S1 level un-

der the fluroscopic guidance. Post-procedural CT showed de-
creased amount of EG in both levels (Fig. 3B). Temporary relief 
of pain was achieved for 2 days, but she complained of recurrence 
of the symptoms. CT scan, which was taken 1 week after the aspi-
ration of gas, revealed the amount of epidural gas was increased 
again in both levels (Fig. 3C). Open revision surgery was advised. 

Revision surgery/postoperative course 
During the surgery, no herniated disk was found and gas 

pocket surrounded by a thin, blister like membranous structure 
was observed at the inferolateral portion of roots in L2–3, and 
L5–S1 levels (Fig. 4). Total removal of cystic structure and curet-
tage of remnant soft tissue, as well as further discectomy in disc 
space were done. Surgical field, including intradiscal space was 
irrigated with isotonic saline at the last stage of the operation. The 
postoperative period was uneventful and the patient’s previous 
symptom disappeared completely. Immediate postoperative CT 
revealed disappearance of gas in epidural space (Fig. 3D). Am-
bulation with brace was recommended for the patient. Follow-
up lumbar CT taken after 1 year from the last operation showed 
no epidural gas (Fig. 3E). The patient remained symptom-free 
for 1 and a half year follow-up period.

DISCUSSION

Free air in the spinal canal has been reported in a number of 
situations, including craniocervical trauma, epidural anesthesia, 
and percutaneous spinal procedure. Other local structures and 
processes, such as inter-apophyseal joints, thoracic surgery, pneu-
mothorax, penetrating chest wounds, intestinal necrosis, pyo-
genic infections produced by gas-forming organisms and osteone-
crosis, are another potential source of gas in the spinal canal3,6-8,12). 
In most cases, the gas formation in the spinal canal is associated 
with disc herniation12,13), but isolated so-called pseudocyst have 
also been reported4,12,13).

Spinal surgery can be one of the causes of EG. Postoperative 
EG formation causing a severe radicular pain, however, is very 
unusual. As mentioned, the current literature documents 7 cases 
of symptomatic EG after lumbar microdiscectomy. Three of these 
patients have undergone a revision surgery for the removal of gas 
(Table 1)1,2,8,17).

Pathogenetic mechanisms of postoperative EG are still un-
known. A few hypothesis were introduced to explain postoper-
ative gas formation in the spinal canal. Sasani et al.17) suspected 
that, in cases of postoperative symptomatic EG, air becomes 
trapped during the surgical procedure within the soft tissue when 
blood in the surgical field causes soft tissue margins to bind. 
They thought that this “closure” eventually leads to the formation 
of a membrane that encases the gas collection. But, in the current 
case, postoperative MRI taken just 1 day after the primary oper-
ation didn’t show any significant sign of air bubble in the spinal 
canal. By this radiological finding, it can be assumed that post-
operative intraspinal air was originated from the spinal structure 
itself, not by air trapping during the operation. They might be 
formed insidiously sometime after the operation and had a rela-
tionship with the removal of the disc.

Intraspinal air was thought to have the relationship with vac-
uum phenomenon by many authors5,6). Some authors demon-
strated the existence of communication between the intradiscal 
gas and the intraspinal gas by confirming the flow of contrast me-
dia into the pseudocyst using a CT after discography9,13). Intradis-
cal gas can migrate into the epidural space, through this commu-
nication, as a result of normal movements of the lumbar spine 
acting as a piston, and this can, albeit infrequently, lead to nerve 
root compression20).

In this case, postoperative intraspinal air was seen just only in 
the L2–3 and L5–S1 levels, where the preoperative intradiscal 
vacuum phenomenon had been shown and a discectomy was 
performed, but not in the L3–4 level where only a laminectomy 
had been done and preoperative intradiscal air was not seen. 
Authors also could find some scattered gas, which had already 
been in the extruded disc in L2–3 and L5–S1 levels. These find-
ings correspond to previous reports that the presence of the gas 
in the intervertebral disk was at the same level as the postoper-
ative bubble2,8), and support the hypothesis of vacuum phenom-
enon as the cause of postoperative EG, as other authors men-
tioned. We suggest that annular tear, which had already existed 
and had the role of the channel between intradiscal and epidur-
al space, was enlarged by a discectomy procedure during the op-
eration, and intradiscal air was expelled to the spinal canal through 
this channel more easily. It caused postoperative intraspinal air 
trapping. 

Regarding the characteristics of recurred pain, aggravation of 
symptoms when weight-bearing, while sitting and recumbency 
are associated with pain relief, was also observed in this case, as 
previous reports had described4,18). The mechanism of revers-
ible root compression was thought to be a back and forth move-
ment of air through the channel by a piston-like pneumatic com-

Fig. 4. Microscopic finding of the operative field in revision surgery. 
Dissected wall of gaseous cyst (arrow) is seen at inferolatral portion of 
nerve root (asterisk). 
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pression, and distraction of the vertebral body in a closed system 
consist of intradiscal space and encapsulated cyst. This mecha-
nism could be the rationale for ABR and immobilization with brace 
which was done in this case as the one of the therapeutic strate-
gies for this complication.

There is another question that still remains. It’s why the amount 
of gas in the spinal canal increased again after the needle aspira-
tion and previous symptom recurred after just 2 days. Some au-
thors mentioned the “valve-pump mechanism” or “ball-valve ef-
fect” as the cause of increased amount of gas in the spinal canal15,20). 
If the total amount of the air in disc space and spinal canal is con-
stant, the air movement from disc space to spinal canal would 
lead to decreased amount of intradiscal air by this mechanism. 
However, based on the imaging data when symptom recurred 
after the aspiration procedure, the amount of intradiscal air was 
not decreased, even seemed to be a little bit increased. It means 
more intradiscal gas had been being produced since the needle 
aspiration, and there is another mechanism to make further gas 
formation in the disc space. The vacuum phenomenon is ex-
plained by several physiologic and anatomic factors. Various re-
ported observations have demonstrated or suggested the re-
versible formation and absorption of gas and fluid in the disc 
space11,15,19,20). Biomechanically, negative pressure is produced 
by enlarging the clefts in the disc that attracts gas from the sur-
rounding extracellular spaces6). Authors assume that in compa-
ny with normal movement of the lumbar spine, leakage of intra-
discal gas to the spinal canal can contribute to this negative pressure 
in disc space, which could lead to further recruitment of gas in the 
disc space, which results in a more accumulation of gas in the spi-
nal canal in conjunction with “valve-pump mechanism”. This as-
sumption should be further investigated and considered on the 
biomechanical and physiologic background, which was men-
tioned above in order to understand the exact pathogenesis of 
postoperative EG in the spinal canal.

Treatment options for postoperative intraspinal air range from 
nonoperative to operative, depending on the clinical symptoms 
presented. Based on the current case and those previously re-
ported, we think that conservative management should always 
be attempted first, when clinical signs of EG appear after lumbar 
surgery. As noted, postoperative EG may resolve spontaneously 
with time9,10). But, if the patient does not improve with conserva-
tive treatment, more invasive procedure, including the needle as-
piration, or surgery, is needed.

Needle aspiration is one of the therapeutic options, but was 
reported to have the chance of recurrence1,16,20). Some authors 
stressed complete removal of the cyst wall as the preventive mea-
sure of recurrence of air collection. Just simple aspiration of the 
air, through the encapsulated cyst, seems not to be enough to re-
solve this problem because the closed system formed by encap-
sulated cyst and intradiscal space may not be collapsed, and air 
could be collected in the pseudocyst again. Some authors also 
suggest the presence of granulation tissue surrounding the epi-
dural gas is a predictor for surgery. Authors think it’s in line with 

this closed system concept8). Open surgery is most reliable in cas-
es where there is no response to conservative therapy, and is def-
initely required to remove chronic encapsulated air and the cyst 
wall totally, and break this closed system1,16). Although further gas 
was formed in the spinal canal, it may be absorbed by the adja-
cent soft tissue after the removal of the cyst wall. Other authors 
suggested that the treatment needs to be targeted to the disc, as 
well as the gaseous cyst, and recommended ensuring adequate 
foraminotomy, carefully removing the membranous soft tissue 
near the nerve root during the operation in order to prevent re-
accumulation or persistence of air in the lumbar epidural space16,20). 
Irrigating the surgical field well with isotonic saline and longer 
stay of the drain, postoperatively, during the revision surgery was 
also mentioned as surgical tips10). The ABR and immobilization 
with brace to restrict the motion in pathologic segments are also 
advisable, in order to lower the chances of radicular compression 
by the re-accumulation of the air.

CONCLUSION

Although symptomatic EG is rare clinically, it should be con-
sidered as one of the possible causes for postoperative radicu-
lopathy. Combined use of CT and MRI is helpful to diagnose the 
EG in the spinal canal, and differentiate other pathological lesions. 
Open revision surgery is the most reliable method to treat the 
postoperative EG, by removing the encapsulated cyst wall total-
ly if conservative treatment fails. 
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