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Abstract

BACKGROUND

Pneumocephalus is a rare complication presenting in the postoperative period of
a thoracoscopic operation. We report a case in which tension pneumocephalus
occurred after thoracoscopic resection as well as the subsequent approach of
surgical management.

CASE SUMMARY

A 66-year-old man who received thoracoscopic resection to remove an intratho-
racic, posterior mediastinal, dumbbell-shaped, pathology-proven neurogenic
tumor. The patient then reported experiencing progressively severe headaches,
especially when in an upright position. A brain computed tomography scan at a
local hospital disclosed extensive pneumocephalus. Revision surgery for resection
of the pseudomeningocele and repair of the cerebrospinal fluid leakage was thus
arranged for the patient. During the operation, we traced the cerebrospinal fluid
leakage and found that it might have derived from incomplete endoscopic
clipping around the tumor stump near the dural sac at the T3 level. After that, we
wrapped and sealed all the possible origins of the leakage with autologous fat,
tissue glue, gelfoam, and duraseal layer by layer. The patient recovered well, and
the computed tomography images showed resolution of the pneumocephalus.

CONCLUSION

This report and literature review indicated that the risk of developing a tension
pneumocephalus cannot be ignored and should be monitored carefully after
thoracoscopic tumor resection.

Key Words: Tension pneumocephalus; Neurogenic tumor; Thoracoscope; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

January 14,2022 | Volume10 | Issue2 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i2.725
http://orcid.org/0000-0002-6112-9495
http://orcid.org/0000-0002-6112-9495
http://orcid.org/0000-0001-6461-6312
http://orcid.org/0000-0001-6461-6312
http://orcid.org/0000-0001-5025-9166
http://orcid.org/0000-0001-5025-9166
http://orcid.org/0000-0003-0369-0935
http://orcid.org/0000-0003-0369-0935
mailto:cdchiu4046@gmail.com

Chang CY ef al. Pneumocephalus from thoracic endoscopic surgery

Specialty type: Surgery

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
ps:/ / creativecommons.org/ Licens
es/by-nc/4.0/

Received: August 19, 2021
Peer-review started: August 19,
2021

First decision: November 1, 2021
Revised: November 12, 2021
Accepted: December 7, 2021
Article in press: December 7, 2021
Published online: January 14, 2022

P-Reviewer: Elpek GO, Kim JW
S-Editor: Wang JL
L-Editor: Filipodia
P-Editor: Wang JL

Jaishideng®

WJCC | https://www.wjgnet.com 726

Core Tip: Pneumocephalus is a rare complication that presents during the postoperative
period following a thoracoscopic resection of spinal dumbbell tumors. Here, we present
a potential method for resolving tension pneumocephalus and present our detailed
experiences following the thoracoscopic resection of a posterior mediastinal dumbbell
tumor, together with a review of the literature. The risks of experiencing pneumo-
cephalus following thoracoscopic resection for a spinal tumor cannot be neglected
because intraoperative repair is difficult to assess.

Citation: Chang CY, Hung CC, Liu JM, Chiu CD. Tension pneumocephalus following
endoscopic resection of a mediastinal thoracic spinal tumor: A case report. World J Clin Cases
2022; 10(2): 725-732

URL: https://www.wjgnet.com/2307-8960/full/v10/i2/725.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i2.725

INTRODUCTION

Tension pneumocephalus (TP) is defined as the presence of air in the intracranial
space, causing intracranial hypertension and a mass effect[],2]. The clinical
presentation of TP may include headache, nausea, vomiting, vertigo, aphasia,
hemiparesis, altered levels of consciousness, and frontal lobe syndrome[1-4]. Because
most symptoms associated with TP are non-specific, the diagnosis primarily depends
on imaging findings. The formation of TP can be fatal if not diagnosed early and
treated properly[5].

Spinal dumbbell tumors accounted for 17% to 22% of all spinal cord tumors
according to previous reports[6,7] and are classified as epidural, intradural, or
paravertebral depending on the locations involved[6]. Laminectomy with costotrans-
versectomy has been presented as an effective method for the resection of thoracic
dumbbell tumors involving large intraspinal and paraspinal regions[8,9]. Anterior
approaches may also be feasible for the treatment of tumors that only involve the
paraspinal region[10]. However, complications may develop after surgery, including
pleural injury, bleeding, damage to the spinal cord, and cerebrospinal fluid leakage[8-
10]. Few cases have been reported regarding the occurrence and management of
pneumocephalus following the thoracoscopic resection of a neurogenic tumor[11,12].
We report a case in which TP developed after a thoracoscopic resection and describe
the subsequent surgical management approach.

CASE PRESENTATION

Chief complaints

A 66-year-old man described suffering from severe headache and vomiting, which
became exaggerated with postural changes, following treatment with thoracoscopic
resection to remove a neurogenic tumor.

History of present illness
The symptoms appeared starting on the 7th postoperative day.

History of past illness
The patient was previously diagnosed with a thoracic spinal dumbbell tumor.

Personal and family history
None.

Physical examination

The patient was sent to our emergency department, where a neurological examination
showed clear consciousness (Glasgow coma scale: E4V5M6) with drowsiness and
disorientation, no cranial nerve abnormalities, and full muscle power in all four limbs.
Preoperatively, the patient’s body temperature was 36.4 °C, blood pressure was

January 14,2022 | Volume10 | Issue2 |
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Figure 1 Computed tomography scans of the patient’s brain showing tension pneumocephalus. A: Non-contrast views of preoperative brain
computed tomography images; B-C: Images of axial (B) and sagittal view (C) show progressive tension pneumocephalus, pneumoventricle, and air leak in the spinal
canal.

Figure 2 Pre-operative evaluations. A-B: T2-weighted magnetic resonance imaging in axial view (A) and fast spin echo, fat-suppression coronal view (B)
showing a cystic pouch laterally surrounding the spinal nerve root at left T3 level (arrow), which may be derived from the neural foramen of the L3 level. The air-fluid
level was also demonstrated (arrow); C) Axial view of chest computed tomography showing pneumothorax and subcutaneous emphysema (arrow); D) Poorly healing
previous thoracoscopic access wound.

145/73 mmHg, heart rate was 90 bpm, and respiratory rate was 16 breaths per minute.
The patient had normal heart and clear lungs sounds.

Laboratory examinations

Before the surgery, the patient presented with normal white blood cell, neutrophil,
lymphocyte, and monocyte counts, and slight decreases in red blood cell count (3.48 x
10°/ uL), hemoglobin concentration (11.0 g/dL), and hematocrit level (31.7%) were
detected.

Imaging examinations

A brain computed tomography scan demonstrated TP and pneumoventricle with the
air extending down into the intraspinal space, and the progression of TP was found 3
d after his admission to the intensive care unit (Figure 1). A magnetic resonance
imaging scan of the thoracic spine disclosed a left T2/ T3 pseudomeningocele with air-
fluid level, while a chest computed tomography demonstrated pneumothorax and
subcutaneous emphysema around the poorly healing previous thoracoscopic access
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Table 1 Reported cases which pneumocephalus developed after surgical treatments for spinal or posterior mediastinal tumor

Article  Cases with . g . Relation to
Ref. Histology Spinal region
type pneumocephalus dura
Trujillo-Reyes et al, Case 1/1 Schwannoma Thoracic ND
2014 report
Huang et al, 2005 Case 1/1 Neurilemmoma Thoracic ND
report
Nam et al, 2019 Case series  18/20 Schwannoma (n = 16)/ Cervical (15%)Thoracic IDEM
Miningioma (1 = 4) (60%)Lumbar (25%)
Kim et al, 2008 Case 1/1 Myxopapillary ependymoma Lumbar IDEM
report
Ozdemir et al, 2017 Case 1/1 ND Lumbar IDEM
report
Bilsky et al, 2000 Case 1/3 Neurofibroma Thoracic ND
report

ND: No data; IDEM: Intradural-extramedullary.

Table 2 Reported cases which pneumocephalus developed after surgical treatments for spinal or posterior mediastinal tumor

Ref. Surgical approach Clinical symptoms CSF leakage Interventions

Trujillo-Reyes ~ VATS Headache, vomiting ND Bed rest, oxygen

etal, 2014

Huang et al, VATS Headache, progressive loss Postoperative chest tube drainage amount Bilateral frontal burr hole,

2005 of consciousness increased Trendelenburg position

Nam et al, 2019  Posterior (laminectomy+ Headache Intraoperative duratomy and primary suture ~ Bed rest, analgesics
durotomy) with artificial dural and fibroblastic glue

Kim et al, 2008  Posterior (laminectomy+ Headache, restless Intraoperative duratomy and primary suture ~ Bed rest, hydration
durotomy) with fibroblastic glue

Ozdemiretal,  Posterior (laminectomy  Headache, nausea, ND Bed rest, hydration

2017 + durotomy) vomiting

Bilsky et al, Posteriorlateral Lethargy, confusion Postoperative chest tube drainage amount Discontinue chest tube, bed

2000 thoracotomy increased rest

CSF: Cerebrospinal fluid; VATS: Video-assisted thoracoscopic surgery; ND: No data.

wound (Figure 2). The thoracic spinal neurofibroma had been almost totally removed
but was complicated with pneumothorax, cerebrospinal fluid (CSF) leakage, and TP.

Histological examination

The tumor was pathologically proven to be a neurogenic tumor consisting of
neurofibroma (Figure 3). According to the postoperative microscopic examination, the
cyst contained chronic inflammation of tissue and no residual tumor.

FINAL DIAGNOSIS

The presented case was diagnosed with tension pneumocephalus after a thoracoscopic
resection to remove a neurogenic tumor.

TREATMENT

He then was admitted to the intensive care unit for further close monitoring and
medical treatments including full hydration, prophylactic antibiotics use, O, supple-
mentation, lying absolutely flat, and primary suturing and debridement of the chest
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Figure 3 Histological examination of the spinal tumor. A: Intraoperative image of the posterior mediastinal tumor demonstrated well-defined border, which
was pathologically proved to be neurogenic tumor; B-F: A histological image of the neurofibroma showing bland spindle cells with wavy nuclei and pale eosinophilic
cytoplasm (scale bar 50 um) (B), secondary degeneration of hyalinization (scale bar 200 pm) (C), calcification (scale bar 100 ym) (D), cyst (scale bar 500 pm) (E),

and hemorrhage (scale bar 200 ym) (F).

Jaishiden,

wound. However, the symptoms did not improve. Thus, surgical treatments were
performed to repair the CSF leakages. Following a left T2-3 hemilaminectomy and
costotransversectomy, a cystic meningocele was found. After the cyst pouch was
totally removed, the previous remnant tumor stump and surgical clip were explored
meticulously. CSF leaking from the surgical clip near the dura was disclosed. The
leakage site was wrapped with autologous fat, gelfoam, tissue glue, and duraseal in a
layer-by-layer manner (Figure 4). Finally, the wound was closed in a layer-by-layer
manner with a Jackson-Pratt tube that was left in the surgical field.

OUTCOME AND FOLLOW-UP

At the 2-wk follow-up and evaluation, the patient denied experiencing any further
headaches. The follow-up brain computed tomography scan showed resolution of the
pneumocephalus, pneumoventricle, pneumothorax, and pneumospine (Figure 5).

DISCUSSION

The reported theories of pneumocephalus development include the “ball-valve
theory” and “inverted soda bottle effect”[13,14]. The possible mechanisms to develop
pneumocephalus after thoracoscopic resection include dural tearing with persistent
cerebrospinal fluid leakage, such that air can gain access from the leakage site to the
intradural space and reach the cranial cavity. The negative pressure produced by chest
tube suction can even deteriorate the CSF extravasation. On the other hand, an upright
head position also allows the air to easily enter the intradural space from the leakage
site. Relatedly, in our case, a poorly healing thoracoscopic access wound resulted in
pneumothorax and an aggravating pneumocephalus. Based on the imaging results of
the current case, TP was indicated by two imaging characteristics. One, the “Mt. Fuji
sign,” means that subdural air with increased tension is separating and compressing
the bilateral frontal lobes and widening the interhemispheric space, such that the
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Figure 4 Intraoperative images of the surgical repair. A: Cerebrospinal fluid leakage might derive from the previous endoscopic clipped tumor stump near
the dural sac of the T3 level (arrow); B-C: Repairing of the leakage sites with tissue glue, gelfoam, and dural seal.

Figure 5 Post-operative computed tomography images demonstrate successful repair. A-B: Axial view of brain computed tomography on the 5th
(A) and 15th postoperative day (B) showing resolution of pneumocephalus and pneumoventricle though subdural effusion accumulation without brain parenchymal

compression.

JBaishideng®

resulting image resembles the silhouette of Mt. Fuji. The other, the “air bubble sign,”
indicates that multiple air bubbles are scattered through the cistern, with these air
bubbles putatively entering the subarachnoid space due to tearing of the arachnoid
membrane caused by increased tension in the subdural space[2,3]. This appeared to
apply in our case, with the source of intracranial air being a spinal dural defect that
resulted in air also being apparent in the spinal cord, ventricle, and basal cistern[12].
We performed the literature review using a search of English literature from
PubMed, in which the source of databases ranged from 2000 to 2019. The key words
and criteria for search engine was represented as “pneumocephalus [title] AND spinal
tumor” where 11 results were generated. We further summarized the reported cases in
which pneumocephalus developed after surgical treatments for spinal or posterior
mediastinal tumor and specified their subsequent interventions (Tables 1, 2). Though
only 23 cases in which pneumocephalus developed after surgical treatments for spinal
or posterior mediastinal tumor had been reported within the recent 10 years, most
patients can be treated only by conservative medical therapeutic strategies, including
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highly concentrated O, supplementation to accelerate the resorption of intracranial air,
bed rest with the head laid flat to minimize CSF leakage from the dural defect,
avoidance of the Valsalva maneuver, and prophylactic antibiotics use if meningitis is
highly suspected (Tables 1, 2). Surgical intervention consisting of the evacuation of the
intracranial air and repair of the dural defect is indicated when the above conservative
treatments fail, when the recurrence of pneumocephalus occurs, or when there are
signs of increasing intracranial pressure[1-4,12]. In our case for progressive pneumo-
cephalus, we preferred to conduct surgical intervention rather than conservative
treatment. The direct method of dura repair was chosen in consideration to the
developing CSF fistula. Then, the intracranial air was evacuated until the CSF leakage
site was sealed completely. Initial frontal burr hole decompression for pneumo-
cephalus was demonstrated in a similar case for rapid consciousness change and
cranial nerve palsy under the impression of increased intracranial pressure signs, of
which the clinical signs were improved postoperatively[12]. In our opinion, the direct
method for dural repair can obliterate the origin of CSF leakage and fistula formation.
Thus, the pneumocephalus may be absorbed spontaneously as long as there is no
further air getting access[15].

Intraoperative primary repair with suturing is highly recommended for preventing
postoperative CSF leakage[16]. However, the primary closure of a durotomy may be
difficult because of its location (e.g., in the case of ventral or far-lateral durotomies), a
large dural defect, poor tensile strength of the dura, or a minimal invasive wound
limiting the exposure and access[15]. Several alternative methods of durotomy repair
have been described. For example, an additional dorsal durotomy for far-lateral or
dorsal defects can allow such defects to be more easily visualized and plugged with
autograft or suturing[15], while autograft coverage with dural sealant in cases of
durotomies that cannot be repaired primarily due to limited visibility or access[15,17],
an aneurysm clip, or a titanium clip have also been reported[18,19]. In our case, as the
CSF leakage might have derived from the previous endoscopically clipped tumor
stump near the dural sac at the T3 level, such that it would have been difficult to
perform a primary suture repair. Thus, we plugged and wrapped the stump with an
autograft of fat, tissue glue, gelfoam, and duraseal (Figure 4).

CONCLUSION

The risk of getting a pneumocephalus after thoracoscopic resection of a spinal tumor
cannot be neglected since the intraoperative repair is hard to access. The direct
approach for dural repair may be an attemptable way to eliminate the CSF leakages.
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