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A B S T R A C T   

Introduction: We report a case of pneumocephalus, which is identified as the presence of air in the cranial cavity 
and is a rare complication after spinal surgeries, in addition to a literature review of similarly reported cases. 
Case presentation: The patient is a 63-year-old male who developed pneumocephalus after undergoing a mini-
mally invasive left side decompression at L3-L4 with left L4 foraminotomy even though there were no signs of 
dural tears or Cerebrospinal Fluid (CSF) leaks. After the diagnosis of pneumocephalus using brain Magnetic 
Resonance Imaging (MRI), the patient was treated conservatively and was discharged after 3 weeks without 
developing further complications. 
Discussion: Pneumocephalus is defined as an abnormal accumulation of air within the cranial cavity. It can occur 
due to a variety of causes but rarely due to gas forming bacteria. Many theories are suggested concerning the 
pathophysiology of pneumocephalus, the inverted bottle theory, the ball valve theory, the Nitrous Oxide (N2O) 
theory, and as we outweigh in our case, gas forming bacteria theory. Pneumocephalus can be treated surgically, 
nevertheless, conservative management methods of such cases are usually followed. 
Conclusion: The aim of this study is to draw further attention to the management and diagnosis of such surgical 
complication. A more extended research is needed to provide a full comprehensive approach to deal with this 
problem if faced in the future. To the best of our knowledge, this study reports the first pneumocephalus case 
induced by a postoperative bacterial infection in the global English based medical literature.   

1. Introduction 

Pneumocephalus (PNC) also known as intracerebral aerocele or 
pneumatocele is a pathological collection of gas, usually air, within the 
cranial cavity. This definition was first established in 1914 by Wolff E 
[1,2]. PNC was first reported in 1866 by Thomas after performing an 
autopsy on a trauma patient [3]. Pneumocephalus can be induced by a 
variety of causes but occurs mostly after head traumas or cranial sur-
geries [4]. It is a complication that mostly develops after brain neuronal 
traumatic events that trap air in the cranial vault (especially with the 
presence of skull base fractures), intracranial neoplasms, infections, 
neurosurgical interventions, otolaryngological procedures (e.g. para-
nasal sinus surgeries) and diagnostic interventions (e.g. pneumo-
encephalography or lumbar puncture) [5–12]. Although spinal surgeries 
(e.g., lumbar decompression for degenerative spinal pathology) can be 
followed by several complications that are inevitable, pneumocephalus 

is just rarely reported as one of them [13,14]. Moreover, most of the 
published case reports about pneumocephalus after spinal surgeries 
have been associated with lumbar arthrodesis or similar spinal surgeries 
causing a dural leak [15]. For a better understanding and more effective 
management in the future this study will present an interesting neuro-
surgical case report of pneumocephalus that developed due to a gas 
forming bacteria originating from a post-operative lumbar spinal sur-
gery wound infection with the absence of Cerebrospinal Fluid (CSF) 
leaks which is considered the first case in English global literature. In 
addition to a literature review of cases reporting pneumocephalus after 
spinal surgeries and their causes, which may help in outweighing some 
theories that stand behind pneumocephalus occurrence. This deep div-
ing may also assist in clinical decision guidance when such incidents 
develop. This study was conducted in accordance with the SCARE 
guidelines for case reports [16]. 
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2. Case presentation 

A 63-year-old male, presented at our clinic complaining from lower 
back pain, left lower limb sciatica at L3-L4 distribution, with neurogenic 
claudication. Labs were within normal. Magnetic Resonance Imaging 
(MRI) showed multi- level degenerative disk disease, most significant at 
L3-L4 level, compressing the left descending L4 nerve root mostly on the 
left side (Fig. 1). The patient underwent a minimally invasive left side 
decompression at L3-L4 with left L4 foraminotomy. Intraoperatively, the 
surgery went smoothly, no dural tears or CSF leaks were noticed. 12 days 
after the surgery, the patient started complaining of surgical site pain, 
swelling, and wound discharge. Blood culture and wound culture were 
taken directly prior to intravenous (IV) antibiotic administration. His 
biological inflammatory markers were significantly higher than normal 
(ESR: 98 mm/h, CRP: 457.8 mg/L). IV antibiotic was then administered. 
In less than 48 h after samples were taken, blood culture and wound 
culture showed a heavy growth of Citrobacter freundii; which was sen-
sitive to Ertapenem and Ciprofloxacin. Spine MRI with IV contrast was 
requested for further evaluation and showed post-operative soft tissue 
changes with multiple small hypointense fossi suggesting gas bubbles at 
the level of L3- L4 (Fig. 2). The patient had no signs of intracranial hy-
potension. The patient underwent an exploration debridement of 
necrotic tissue and an abscess drainage. An intraoperative sample was 
taken and confirmed primary culture results. During this surgery, the 
neurosurgeon explored the dura and the surgical site looking for any 
dural tears or CSF leaks. Also, an intraoperative Valsalva maneuver was 
performed and confirmed the absence of any dural tears or CSF leaks as 
shown in (Supplementary data, Video 1). A Ready-vac drain was 
inserted under low pressure setting. Day 1- postoperative, the patient 
started complaining of headache consistent with intracranial hypoten-
sion, nausea, and dizziness without any meningeal signs. His vitals were 
stable. Ready-vac drain output remained with a normal amount of 
drainage (150 cm3 per day). Day 2- postoperative, the output remained 
at the same rate of drainage and a lumbar spine and a brain MRI was 
ordered to assess the possibility of multiple brain abscesses as a result of 
C. freundii infection. Lumbar spine MRI showed post-operative soft tissue 
changes with multiple gas bubbles and elongated thin walled fluid 
collection overlying the paravertebral muscle at the site of the surgery 
measuring about 11.8 * 1.5 * 8 cm, containing air fluid level (Fig. 3). The 
brain MRI revealed multiple extra-axial air bubbles seen diffusely 
throughout the brain subarachnoid spaces thus indicating 

pneumocephalus (Fig. 4). As dural tears or CSF leaks absence was 
confirmed, and Nitrous Oxide (N2O) was not used as an anesthetic agent, 
inverted bottle, ball valve, and nitrous oxide theories were excluded as 
causes for pneumocephalus, and because of the known gas-forming 
nature of C. freundii we suggest that gas forming bacteria may be the 
cause behind pneumocephalus for this case. MRI findings lead to the 
decision of removing the Ready-vac drain then pneumocephalus was 
treated conservatively by setting the patient's head in a 30◦ position, by 
O2 supplementary therapy, and by complete bedrest. Patient's symptoms 
subsided after 24 h, without any kind of leaks at the surgical site or any 
progressive swelling. IV antibiotic administration continued for one 
month. Inflammatory biomarkers retained to normal limits within 3 
weeks. After 6 weeks of the exploration operation, a follow up MRI was 
done and did not reveal any abnormal enhancement or any new 
collection. Patient's symptoms improved without developing further 
complications. The patient was satisfied with the medical treatment that 
he received after it was explained to him in each step thoroughly. 

3. Discussion 

Pneumocephalus is defined as a pathological collection of gas, usu-
ally air, within the cranial cavity.1 It can be located intra-axially 
(epidural, subdural, subarachnoid) or extra-axially (parenchymal, 
intraventricular, intravascular) [17]. it is also categorized by severity 
into simple pneumocephalus, and tension pneumocephalus; which is a 
neurosurgical emergency, that requires urgent surgical intervention, 
represented by a mass effect upon the parenchyma of the brain and 
follows several conditions such as; traumatic head injuries, paranasal 
sinuses tumors, and spinal surgeries or procedures [18]. The incidence 
and mortality rates of pneumocephalus are conditional to the etiology 
and the causes behind this complication [19]. Furthermore, pneumo-
cephalus can be divided by the duration of intracranial air accumulation 
into acute (<72 h) and delayed (>72 h) [20]. 

A literature review was conducted using the data bases PubMed, Web 
of Science, and Scopus. The keywords used were (Pneumocephalus) 
AND (Spinal surgery OR Discectomy OR Laminectomy OR Foramin-
otomy). Only cases reporting pneumocephalus occurring after spinal 
surgeries where included. Studies in languages other than English, 
studies lacking full text, audits, letters to editor, and irrelevant studies 
were excluded. A total of 24 cases were reviewed. We reviewed different 
aspects of each case including age, gender, type of the surgery, 

Fig. 1. Sagittal (A) and axial (B) T2-weighted spine MRI showing multilevel degenerative disc disease, most significant at L3-L4 level compressing both descending 
L4 nerve root more on the left side with mild central canal stenosis, and mild to moderate bilateral foraminal stenosis at L3-L4 level compressing the left exiting L3 
nerve root, with inflammatory changes noted in the extra foraminal part. 
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symptoms, method of conformation, treatment method, recovery time, 
and the presence of dural tears, drains, or CSF leaks. All those aspects 
were summarized and compared (Table 1). The literature review con-
sisted of 24 patients who were diagnosed with pneumocephalus after 
going through a spinal surgery. The mean age of patients was 50.2 years, 
15 of them were males and 9 of them were females. 

Pneumocephalus is usually induced by a variety of causes including 
traumatic head injuries [5,6], gas forming bacteria leading to infection 
[7,8], brain or skull-based tumors and cranial surgeries [9], alongside 
the iatrogenic and idiopathic etiologies [10–12]. We have reviewed all 
reported cases of pneumocephalus occurring after spinal surgeries and 
most of them were after laminectomies, rod displacements, or dis-
cectomies as in our case. 

PNC Patients present with many symptoms including headache, 
nausea, dizziness, altered consciousness, altered mental status, CSF 
rhinorrhea, vomiting, and convulsions [6,21–24]. 

Generally, there are 3 methods for the diagnosis of pneumocephalus. 

X-ray imaging can be used to diagnose pneumocephalus but is consid-
ered unreliable in the presence of Computed Tomography (CT) scanning 
and MRI as it requires at least 2 ml of intracranial air in order to detect it, 
consequently missing small quantities of air collections in the intracra-
nial cavity [25]. 

CT imaging is the most reliable imaging technique for the diagnosis 
of pneumocephalus because of the low density of air presented on CT 
scans (approximately -1000 Hounsfield Units) and because they can 
even detect 0.55 ml of intracranial air [26]. There are three signs of 
pneumocephalus presented on CT scans, Firstly, Mount Fuji sign, which 
is described by a buildup of air in the frontal region of the cranial cavity 
adjoined by air separating the tips of the frontal lobe. This sign owes its 
name to its similarity to Mount Fuji of Japan and is considered a strong 
indicator of tension pneumocephalus [27]. Secondly, the air bubble 
sign, represented as multiple bubbles of air separated through sub-
arachnoid cisterns [28]. And thirdly, the peaking sign, that is much like 
the Mount Fuji sign but differs from it as air does not cause frontal lobes 

Fig. 2. Sagittal (A) and axial (B) T1-weighted spine MRI with contrast showing post-operative soft tissue changes with multiple small hypointense fossi suggesting 
gas bubbles at the level of L3-L4. 

Fig. 3. Sagittal (A) and axial (B) T2-weighted lumbar spine MRI showing post-operative soft tissue changes with multiple gas bubbles and elongated thin-walled fluid 
collection overlying the paravertebral muscle at the site of the surgery measuring about 11.8 * 1.5 * 8 cm, containing air fluid level. 
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separation [29]. 
MRI can be decisive in the diagnosis of pneumocephalus but is less 

sensitive than CT scans, in some cases pneumocephalus can be difficult 
to diagnose as air may be mistaken as blood products or flow voids and 
appears black on both T1-weighted and T2-weighted sequences 
[30–32]. All reported cases of the review stated CT scanning as the main 
method for the conformation of pneumocephalus, some used MRI, and 
X-ray imaging as a second method of conformation. 

Dural tears are usually caused by trauma or following a surgery and 
may lead to CSF leakage [33]. Most of the published case reports about 
pneumocephalus after spinal surgeries have been associated with lum-
bar arthrodesis or similar lumbar surgeries causing a dural tear [34]. 
Dural tears, drains, or both were reported in the some of the reviewed 
cases. Some cases also mentioned the presence CSF leaks. Interestingly, 
as mentioned before, no CSF leaks or dural tears were detected in our 
case. 

Many theories were suggested to elucidate the pathophysiology of 
pneumocephalus; Firstly, the inverted bottle theory that stands on the 
concept of negative pressure formation in the subarachnoid space due to 
CSF leakage and resulting in CSF being replaced by air until the intra-
cranial pressure is equal to the atmospheric pressure [35]. Secondly, the 
ball valve theory suggesting that pneumocephalus is attributed to a 
dural defect acting as a one-way valve causing air to be trapped in the 
intracranial cavity [36]. Thirdly, Nitrous Oxide (N2O) theory that is 
commonly associated with anesthesia leading to tension pneumo-
cephalus [37,38]. 

Pneumocephalus can be induced by gas forming bacteria and it is 
considered the fourth theory that explains such pathology [39,40]. A 
variety of microorganisms can induce pneumocephalus such as; Cit-
robacter freundii, Clostridia, Bacteroides, Enterobacter, Escherichia coli, 
Peptostreptococcus, Klebsiella pneumonia, and Pseudomonas [41–44]. 

Even though that the number of cases reporting pneumocephalus due 
to gas forming bacteria is scanty, all previously published studies of gas 
forming bacteria causing pneumocephalus were after a number of in-
fections like subdural empyema, meningitis, pneumonia, or gastroen-
teritis [43–49]. Interestingly, after a thorough literature search in 
different databases, there have been no published cases reporting 
pneumocephalus occurring due to gas forming bacteria originating from 
a post-operative spinal wound infection as in our case. 

In our case, we outweigh the gas forming bacteria to be the related 
hypothesis as we have ruled out the presence of CSF leaks or dural tears 
in our exploration surgery by the Valsalva maneuver, and because N2O 
was not used in anesthesia, and after referring to the wound culture that 
shows a heavy growth of C. freundii, a microorganism known for its gas 
producing nature [50], we excluded the inverted bottle, the ball valve, 
and the nitrous oxide theories, and by that we present the first reported 
case of such etiology around the globe. 

Pneumocephalus can be managed conservatively with bed rest, head 
elevation usually by 30◦, oxygen supplementary therapy and many other 
methods [51–54]. Tension pneumocephalus is considered a neurosur-
gical emergency that usually requires urgent intracranial pressure relief 
by different surgical interventions such as craniotomy or twist-drill 
trephination [55–58]. In the case of gas forming bacteria leading to 
pneumocephalus, standardly, suitable antibiotics are administered to 
control the infection, then pneumocephalus can be treated conserva-
tively by the previously mentioned methods [59]. Regarding the treat-
ment and hospital outcomes of the included reviewed cases, most of 
cases were treated conservatively, and four cases were treated surgi-
cally. After performing head CTs to assure full recovery, patients were 
discharged. 

4. Conclusion 

In conclusion, pneumocephalus is considered a rare incidence after a 
spinal surgery and, therefore, needs a high index of suspicion to di-
agnose. But whenever a patient undergoes a spinal surgery and develops 
symptoms like unexplained headache or dizziness, this complication 
should be drawn to the attention; CT scan or brain MRI have to be or-
dered and if they suggest the presence of pneumocephalus an early 
proper management, mostly conservative, is imperative. In our case we 
add to the literature a supportive evidence for the theory that present the 
role of infection with gas forming bacteria in developing pneumo-
cephalus after a spinal surgery wound infection and how it is managed 
afterward. A more extended research is needed to get more details about 
individual management of post-operative wound infections causing 
pneumocephalus; this will give a full comprehensive approach to deal 
with this problem if faced in the future. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijscr.2021.106342. 
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Table 1 
Summary of cases characteristics of the literature review.  

Study ID Age Sex Time until 
developing 
PNC 

Type of the surgery Signs and 
symptoms 

Method of 
conformation 

Treatment Recovery 
time 

Related 
hypothesis 

Dural 
tear/ 
drain 

CSF 
leak 

Akyüz et al. 
2016 [60]  

62 F 2 and a half 
months 

L5 total laminectomy, 
L5-S1 bilateral 
foraminotomy and 
posterior fusion 
operation 

Headache, fever CT scan Conservative 2 weeks – Dural 
tear 

N 

Ayberk et al. 
2010 [61]  

55 F – L4 total laminectomy 
and L3 and L5 partial 
laminectomy 

Headache, 
nausea 

CT scan Conservative – Ball Valve Drain N 

Denis et al. 
2019 [62]  

60 M – L2-L4 paraspinal muscle 
release and L2-L4 
recalibration without 
laminectomy or 
discectomy 

Headache, a 
tonic-clonic 
seizure 

CT scan Conservative 6 days Inverted 
bottle 

Dural 
tear 

Y 

Dhamija et al. 
2011 [63]  

63 F 24 h laminectomy L3-L4 and 
L4-L5 

Headache, 
confusion, 
restlessness, 
disorientation 

CT scan Conservative 5 days Ball Valve Dural 
tear 

Y 

Gader et al. 
2019 [64]  

40 F 6 h L4 - L5 discal herniation's 
surgery 

Generalized 
pallor with 
sweating, 
agitation, 
disorientation, 3 
generalized 
tonic-clonic 
seizures 

CT scan Surgical 3 days – Dural 
tear 

N 

Gauthé et al. 
2016 [65]  

69 F 24 h L2-L3 and L3-L4 
fenestration and L2-L4 
arthrodesis instrumented 
with pedicular screws 

Tonic-clonic 
seizure 

CT scan +
MRI 

Conservative 10 days Inverted 
Bottle 

Drain N 

Goodwin 
et al. 2016  
[66]  

21 M 7 days C5-C6 ACDF Fever, Altered 
mental status 

CT scan Surgical – – Dural 
tear 

Y 

Gupta et al. 
2019 [67]  

70 M 1 month Two-level decompressive 
laminoforaminotomy, 
L4-5 and L5-S1 levels 

Headache CT scan +
MRI 

Surgical 1 month – Dural 
tear +
drain 

Y 

Jeremiah 
et al. 2018  
[68]  

66 M 1 month and 
2 days 

C3-C6 laminoplasty with 
bilateral C4-C5 and C5- 
C6 foraminotomies 

Acute onset 
altered mental 
status, decreased 
mentation, 
lethargy, and a 
small 1 cm 
draining 
posterior cervical 
dehisced wound 

CT scan Surgical 5 days – Dural 
tear +
drain 

Y 

Karavelioglu 
et al. 2014  
[69]  

56 M 24 h Right L3, L4, L5 
hemilaminectomy and 
discectomy, Medial 
facetectomy, placement 
of pedicle screws 

Headache, 
nausea, dizziness 

CT scan Conservative 10 days Inverted 
Bottle 

Drain N 

Kieser et al. 
2017 [70]  

59 M Two and a 
half months 

Partial metal ware 
removal, with 
maintenance of 
sublaminar wires 

Headache, 
confusion, and 
dysarthria 

CT scan Conservative 20 days – Dural 
tear +
drain 

Y 

Kizilay et al. 
2015 [71]  

30 M 48 h Bilateral 
hemilaminectomy 

Headache, 
nausea, vomiting 

CT scan Conservative 6 days Inverted 
Bottle 

Dural 
tear 

Y 

Kozikowski 
et al. 2004  
[11]  

72 F 48 h Lumbar puncture with an 
18-gauge spinal needle 

Headache, 
nausea, vomiting, 
short-term 
memory loss, 
nuchal rigidity, 
ataxic gait 

CT Scan Conservative 24 h Inverted 
Bottle 

– N 

Kumar et al. 
2017 [72]  

16 M 96 h Spinal laminectomy for 
space occupying lesion 
(SOL) 

2 generalized 
tonic–clonic 
seizures 

CT scan Conservative 10 days Inverted 
Bottle 

– N 

Lin et al. 
2019 [73]  

63 M Immediately 
after 
operation 

L3-L4 discectomy Generalized 
tonic-clonic 

CT scan Conservative 24 h Inverted 
bottle 

Dural 
tear 

Y 

Nowak et al. 
2011 [74]  

12 F 14 h Single rod 
instrumentation with 
transpedicular screws at 
the Th2 and Th4 

Headache CT scan Surgical 3 weeks Inverted 
Bottle 

Dural 
tear +
drain 

Y  

25 M 72 h CT scan Conservative 3 days Ball Valve N 

(continued on next page) 
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Table 1 (continued ) 

Study ID Age Sex Time until 
developing 
PNC 

Type of the surgery Signs and 
symptoms 

Method of 
conformation 

Treatment Recovery 
time 

Related 
hypothesis 

Dural 
tear/ 
drain 

CSF 
leak 

Özdemir 
2017 [75] 

Spinal tumor removal at 
level of L3 

Headache, 
nausea, vomiting 

Dural 
tear 

Ozturk et al. 
2006 [76]  

23 F 6 h Rod placement for 
thoracolumbar scoliosis 
with posterior 
instrumentation and 
fusion 

Headache, 
nausea, 
deterioration 

CT Scan +
MRI 

Conservative 2 weeks Inverted 
Bottle 

Dural 
tear +
drain 

N 

Pirris et al. 
2013 [77]  

65 M – L4-5 discectomy, and 
extension of fusion to L5 
with pedicle screws and 
interbody cage 
placement 

Diplopia CT scan Conservative 24 h Inverted 
Bottle 

– N 

Sasaki et al. 
2010 [78]  

76 M 48 h Kurokawa's procedure Headache, 
nausea, 
convulsion 

CT scan + X- 
ray 

Conservative 2 weeks Inverted 
Bottle 

Dural 
tear 

Y 

Turgut and 
Akyuz 
2007 [79]  

47 M 48 h L4 right 
hemilaminectomy and 
discectomy 

Headache, 
photophobia 

CT scan Conservative 13 days Ball Valve Dural 
tear +
drain 

N 

Yilmaz et al. 
2015 [80]  

57 F 48 h Revision surgery of 
posterior laminectomies 
(T11-L1) and posterior 
spinal fusion with 
bilateral transpedicular 
instrumentation from 
T10 to S1 

Headache, 
somnolence, left 
hemiparesis 

CT scan Conservative – – Drain Y 

Yun et al. 
2010 [81]  

59 M 24 h L4 Subtotal 
laminectomy, L5 total 
laminectomy, and a 
pedicle screw fixation 

Headache, 
dizziness 

CT scan Conservative 2 weeks Inverted 
Bottle 

Dural 
tear 

N 

Yun feng Han 
et al. 2017  
[82]  

40 M – Atlanto-Occipital 
Decompression With 
Dural Plasty surgery 

Headache, 
oculomotor nerve 
palsy 

CT scan Conservative 4 days – Dural 
tear 

N 

Current Case  63 M 24 h L3-L4 left side 
decompression with left 
L4 foraminotomy 

Headache, 
nausea, dizziness 

MRI Conservative 2 days Gas 
forming 
bacteria 

Drain N 

(F): Female, (M): Male, (-): No Information, (Y): Yes, (N): No, ACDF: Anterior Cervical Discectomy and Fusion, CT: Computed Tomography, MRI: Magnetic Resonance 
Imaging. 
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