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Abstract

Background: Dural tear and cerebrospinal fluid (CSF) leakage is known to be a complication of anterior thoracic spine
surgery. If dural tear occurs on the ventral side of dura in combination with a pleural injury, it potentially becomes a
subarachnoid-pleural fistula. The pressure gradient permits continuous flow of CSF from the subarachnoid space into the
cavum thorax, resulting in an intractable subarachnoid-pleural fistula. We report two cases of successfully treated
subarachnoid-pleural fistula using noninvasive positive-pressure ventilation (NPPV). Methods: Two patients, a 52-year-
old man and a 54-year-old woman, underwent anterior thoracic spine surgery to treat thoracic myelopathy caused by
spinal tumor and ossification of the posterior longitudinal ligament. During surgery, dural tear and CSF leakage to the
cavum thorax due to perforation of the dura was observed. We treated with polyglycolic acid sheet (Neovel®) in
combination with fibrin glue; a suction drainage tube was placed at the subfascial level and the wound was drained
with negative pressure. However, after removal of the drainage tube, subarachnoid-pleural fistula was proven. We
applied NPPV to the patients. Results: We used the application of NPPV for 2 weeks in the first patient and | week in
the second patient. In both of them, subarachnoid-pleural fistula was attenuated without apparent adverse events.
Conclusion: NPPV is noninvasive and potentially useful therapy to attenuate subarachnoid-pleural fistula after thoracic
spinal surgery.

Keywords
cavum thorax, noninvasive positive-pressure ventilation, surgical complication, thoracic spine

Date received: 22 September 2018; Received revised 28 June 2019; accepted: 3 July 2019

Introduction CSF leakage is without a visible dural tear, alternative treatment
must be considered. Especially in spinal tumor and ossification

Cerebrospinal fluid (CSF) leakage is a postoperative complica- of the posterior longitudinal ligament (OPLL) cases, there is

tion of spinal surgery with a reported incidence of 1.4%." Appro-
priate treatment is important for a persistent CSF leakage from a
fistula, which might c?lgse meningeal irritation mzciudmg. he_a_d' ' Department of Orthopedic Surgery, University of Tsukuba, Ibaraki, Japan
ache, nausea and vomiting, cerebral hemorrhage,”” meningitis, 2 Department of Orthopedic Surgery, Chiba University Graduate School
and the formation of a pseudocyst. If visible dural damage and  of Medicine, Chiba, Japan
CSF leakage occur during spinal surgery, it is clear that a pri- c g "
mary suture must be made as the first choice.* Where the loca- orresponding author: ) R
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tion of a dural tear is on the ventral side of the dural tube, which  of Tsukuba, I-1-1 Tennodai, Tsukuba City, Ibaraki 3058575, Japan.
cannot be treated with a primary suture, or where postoperative  Email: mamoru.kono@gmail.com

@ ® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://orcid.org/0000-0003-4978-0813
https://orcid.org/0000-0003-4978-0813
https://orcid.org/0000-0003-0982-5386
https://orcid.org/0000-0003-0982-5386
mailto:mamoru.kono@gmail.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2309499019865470
http://journals.sagepub.com/home/osj
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2309499019865470&domain=pdf&date_stamp=2019-08-05

Journal of Orthopaedic Surgery 27(3)

frequently tight adhesion between ventral dura mater and poster-
ior wall of vertebral body, resulting in higher incidence of ven-
tral dural tear during excision of tumors or ossification foci.

One of the alternative intraoperative dural repair meth-
ods is the application of a polyglycolic acid sheet
(Neovel®) with fibrin glue, and suction drainage with slight
negative pressure.”® Although Neovel patch with fibrin
glue cannot be compared with the direct repair, it can be
helped to perform such suboptimal procedure in severe
circumstances of ventral dural injury during anterior thor-
acic surgery for spinal tumors and OPLL. Well-known
postoperative treatment for CSF leakage is spinal drainage
using a subarachnoid catheter. Otani et al. reported favor-
able outcomes for spinal drainage of CSF leakage.” Sha-
piro and Scully reported a favorable outcome for 94%
(101 of 107) of patients treated with spinal drainage for
a CSF fistula. By contrast, spinal drainage might cause
severe complications including meningitis (2%), overdrai-
nage with neurological decline (3%), and occlusion
requiring replacement of the drainage tube (9%) accord-
ing to its substantial invasiveness.” Therefore, effective
treatment for CSF fistulas without excessive invasiveness
is needed.

Noninvasive positive pressure ventilation (NPPV) is
ventilatory support applied without the use of an endotra-
cheal tube, and included continuous positive airway pres-
sure with or without inspiratory pressure support. It has
been increasingly used for the treatment of acute and
chronic respiratory failure, obesity hypoventilation syn-
drome, and cardiogenic pulmonary edema.® We hypothe-
sized that NPPV is useful for treatment for postoperative
subarachnoid-pleural fistula via the increase of hydrostatic
pressure in the cavum thorax.

Here we report two cases of successfully treated CSF
leakage to the cavum thorax as a result of an anterior sur-
gical procedure for the thoracic spine using NPPV, which is
a candidate for an effective treatment modality for CSF
fistula to the cavum thorax.

Case presentation

Case |

A 52-year-old man was referred to our institute with spinal
tumor at the T6 vertebral level. He complained of numb-
ness on his bilateral lower extremities and spastic incom-
plete paraparesis. Computed tomography (CT) revealed
destructive change at the T6 vertebra, pedicle, and lamina.
Magnetic resonance imaging showed a mass lesion pro-
truding to the spinal canal and compressing the spinal cord
(Figure 1).

The patient underwent total en bloc spondylectomy at
the T6 vertebral level. During surgery, a dural tear was
observed at the ventral side of the dural tube with bilateral
pleural injury. Dural injury and pleural injury were treated
with polyglycolic acid sheet (Neovel®) in combination

Figure 1. (2) Sagittal CT and (b) T2-weighted MRI of case |
demonstrating a mass lesion protruding to the spinal canal and
compressing the spinal cord at Té. CT: computed tomography;
MRI: magnetic resonance imaging.

with fibrin glue; a suction drainage tube was placed at the
subfascial level and the wound was drained with slight
negative pressure. After removal of the wound drainage
tube the day after surgery, the patient complained of
dyspnea and blood oxygen saturation level showed a
marked decrease. An X-ray image and CT showed
apparent fluid correction in the cavum thorax (Figure 2).
We consulted a thoracic surgeon to puncture the cavum
thorax 3 days after surgery, resulting in serous fluid
collection. Therefore, CSF leakage to the cavum thorax
was proven. Fluid collection in the cavum thorax imme-
diately relapsed, and repeated puncture resulted in 700
mL of fluid collection. After the second puncture, we
applied NPPV to the patient. Spontaneous mode, which
adds positive pressure in coordination with spontaneous
respiration, and spontaneous/timed (S/T) mode, which
can assist ventilation for apnea in addition to the S
mode, were applied until dyspnea disappeared 2 weeks
after surgery. The patient was discharged without any
dyspnea 1 month after surgery (Figure 3).

Case 2

A 54-year-old woman was referred to our institute with
thoracic OPLL at the level of T2-T4. She showed spastic
paraparesis and she was not walking on admission. A mye-
logram and CT revealed marked spinal cord compression
by the ossification foci at the level of T3—4. Anterior OPLL
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Figure 2. Postoperative plain (a) chest X-ray image and (b) CT of case | on day 2 revealed apparent fluid correction in the cavum

thorax. CT: computed tomography.

Figure 3. Plain chest X-ray image of case | (a) pre-NPPV treatment and (b) post-NPPV treatment showed fluid correction in the cavum
thorax attenuated by NPPV treatment. NPPV: noninvasive positive-pressure ventilation.

excision followed by a bone graft via an extrapleural
approach was performed. Ossification foci were success-
fully excised and autologous fibula was placed as a strut
graft. During separation of the ossification foci from the
dura mater, CSF leakage from dural defect was observed.
Pleural injury at the approach site was also visible. Dural
injury and pleural injury were treated with polyglycolic
acid sheet (Neovel®) in combination with fibrin glue; a
suction drainage tube was placed at the subfascial level and
the wound was drained with negative pressure. After
removal of the wound drainage tube the day after surgery,
apparent fluid correction in cavum thorax was observed
with X-ray and CT scan. Ten days after surgery, we punc-
tured the thorax resulted in 700 mL of fluid collection, and

applied NPPV to the patient for 1 week. After the applica-
tion of NPPV, dyspnea was gradually attenuated.

Discussion

Dural tear and CSF leakage during anterior surgical proce-
dures in thoracic spine is often difficult to treat because of
its specific location and surrounding anatomical structures.
Especially pleura, which is adjacent to the thoracic spine,
can be easily damaged during anterior surgical procedures
for the thoracic spine. If a dural tear occurs on the ventral
side of dura in combination with a pleural injury, it poten-
tially becomes a CSF fistula to cavum thorax. The cavum
thorax has negative hydrostatic pressure, while the pressure
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Figure 4. Mechanism of CSF fistula to the cavum thorax. The hydrostatic pressure gradient permits continuous flow of CSF from the

subarachnoid space into the cavum thorax, resulting in an intract:

able CSF fistula to cavum thorax (left). NPPV can increase the

hydrostatic pressure in the cavum thorax resulting in attenuation of the hydrostatic pressure gradient between the subarachnoid space

and the cavum thorax (right). CSF: cerebrospinal fluid; NPPV: no

in the subarachnoid space is positive.””® This hydrostatic
pressure gradient permits continuous flow of CSF from the
subarachnoid space into the cavum thorax, resulting in an
intractable CSF fistula to cavum thorax. Even in the present
two cases, a continuous CSF fistula to the cavum thorax
occurred, although dural repair with a polyglycolic acid sheet
(Neovel®) in combination with fibrin glue was performed in
both cases. Because of the mechanism of CSF fistula to the
cavum thorax, which is mainly caused by a hydrostatic pres-
sure gradient between the subarachnoid space and cavum
thorax, we applied NPPV (Figure 4). NPPV can increase the
hydrostatic pressure in the cavum thorax by positive end-
expiratory pressure,'® possibly resulting in attenuation of the
hydrostatic pressure gradient between the subarachnoid space
and the cavum thorax. In the present two cases, leakage of
CSF from the fistula to the cavum thorax was promptly ame-
liorated after the application of NPPV without apparent
adverse events. The true effectiveness of NPPV for CSF leak-
age to the thorax has not been established because there are
only three case reports of NPPV for CSF leakage to the
thorax.”!'"!2 As cons of this treatment, NPPV has risks in
patients with disturbed consciousness, and those with an
uncontrolled pneumothorax.”'® Therefore, careful

ninvasive positive-pressure ventilation.

investigation before application of NPPV is mandatory and
close observation of the patient is essential.

Limitations

To date, we have no standard protocol (standard pressure
and duration, etc.) on NPPV for CSF leakage to the thorax.
Therefore, in case 2, we tried to stop the positive pressure
1 week after the initiation of NPPV. We check the SpO,
and chest X-ray for several days after stopping the positive
pressure. Fortunately, CSF leakage did not deteriorate.
Even after the experience of the present cases, we have to
grope our way because we have no standard protocol of
NPPV for CSF leakage to the thorax.

Conclusions

NPPYV is a potentially useful therapy to attenuate CSF leak-
age into the cavum thorax after thoracic spinal surgery.
Therefore, NPPV therapy is a treatment option for post-
operative CSF leakage into the cavum thorax.
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