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Abstract
Spinal dural arterio-venous fistula (SDAVF) is a common type of spinal vascular malformation. Surgical obliteration of the fistula can
cure SDAVF anatomically, but the functional outcome is unsatisfactory.
The aim of the study was to evaluate the effect of hyperbaric oxygen therapy (HBOT) on the functional recovery of postoperative

SDAVF patients.
This prospective cohort study included postoperative SDAVF patients. Patients were divided into control and HBOT groups.

Patients in control group received conventional treatment, whereas those in the HBOT group received conventional treatment plus
HBOT (2.0 atmospheric pressure absolute, 14 days). Follow-up was done at 1, 3, 6, 12, and 24 months after surgery for evaluation,
including symptoms. To assess the effectiveness of HBOT on SDAVF patients, we compared the postoperative magnetic resonance
imaging and neurological outcomes of each group with respect to modified Aminoff–Lougue scale and modified Denis Pain and
Numbness Scale.
From September 1, 2013 to January 31, 2014, 33 SDAVF patients (27 male) treated by microsurgery were included in this study.

Sixteen patients were in the HBOT group and 17 patients were in the control group. At 24 months follow-up, the improvement of
mDPNS for the HBOT group was significantly larger than those of the control group (2.25 vs 0.88; P=0.005). In the HBOT group, the
average length of hypersignal in magnetic resonance imaging T2 image decrease at 3 months after surgery was 3.25 compared with
2.29 in the control group (P=0.009). No major adverse effects were reported for all 16 patients who received HBOT.
The current findings suggest that HBOT is an effective and safe treatment to relieve lower body pain and numbness for

postoperative SDAVF patients.

Abbreviations: ATA = atmosphere absolute, CNS = central nervous system, DSA = digital subtraction angiography, HBOT =
hyperbaric oxygen therapy, ICG = indocyanine green, mALS =modified Aminoff–Lougue scale, mDPNS =modified Denis Pain and
Numbness Scale, MRI = magnetic resonance imaging, SDAVF = spinal dural arterio-venous fistula.
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1. Introduction

Spinal dural arterio-venous fistula (SDAVF) is the most common
type of spinal vascular malformation, comprising 70% of
such cases. The occurrence of SDAVF is approximately 5 to
10/1,000,000 per year.[1] Patients always have an insidious
onset,[2,3] which presents a challenge in diagnosing the early
stages of the condition.[4,5] Most untreated patients will be
disabled in 5 years from onset.[1] Based on series of studies,
Kendall and Logue[6] proposed that the progressive myelopathy
of SDAVF is caused by chronic edema and ischemia, which is the
result of medullary vein hypertension induced by abnormal
communication with the radicular arteries.
Treatment options for these lesions include obliteration of the

fistula and rehabilitation for functional recovery. Both surgical
treatment and endovascular methods are able to achieve a
complete anatomical obliteration.[7] Steinmetz et al and Bakker
et al reported in 2 meta-analyses that endovascular treatment
achieved a much lower cure rate when compared with
microsurgical treatment[8,9]; however, the functional outcome
of SDAVF patients after surgical treatment was unsatisfactory. It
has been shown that more than 95% of patients can be cured
anatomically by microsurgery, but more than half of these
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patients remain disabled or experience little improvement.
It is evident that the obliteration of the fistula can block the cause
of medullary vein hypertension, but the surgery itself cannot help
the spinal cord recover from ischemia and swelling.
Comprehensive treatment for SDAVF is of great importance in

achieving a better neurologic outcome and quality of life.[10,15,16]

Hyperbaric oxygen therapy (HBOT) is usually used to treat the
patient with central nervous system (CNS) diseases or lesions,
such as brain injury and ischaemic stroke.[17–19] Essentially, the
treatment involves a tremendous increase in the oxygen partial
pressure,[20] thereby supplying the ischemic tissue with oxygen
and having a vaso-constrictive effect[21] on the congested artery,
which reduces nervous tissue edema. In previous studies, we have
performed HBOT for 10 postoperative SDAVF patients and
achieved improved outcomes. To evaluate the effect of HBOT on
SDAVF patients, we designed prospective cohort study.
2. Methods

2.1. Study design

This study is a prospective, double-center, observational cohort
study involving Xuanwu Hospital of Capital Medical University
and Beijing Haidian Hospital. Both hospitals are experienced
spinal vascular treatment centers, have multidisciplinary spinal
vascular malformations treatment teams, and documented
academic interests in clinical SDAVF research.
We compared the middle-term neurological function status

and discomfort of postoperative SDAVF patients who were
allocated to either the HBOT group or control group. The 3
specific aims of the study were to investigate whether early
postoperative HBOT is effective in improving SDAVF patients’
lower-limb motor function and the function of urination and
defecation; to investigate whether early postoperative HBOT can
relieve SDAVF patients of chronic pain and numbness; and to
assess the safety of HBOT for early application in postoperative
SDAVF patients.
All patients with a thorax or lumber SDAVF diagnosed by

catheter angiography and underwent microsurgery were deemed
potential candidates for this trial. The exclusion criteria were
imaging evidence of previous subarachnoid hemorrhage, experi-
ence of endovascular treatment, lower-limb dysfunction or
urination or defecation dysfunction caused by another reason,
and imaging evidence of recurrence of fistula or failure of
treatment. All variables relating to SDAVF (full case report forms
are listed in the appendix) used in this trial were defined
according to currently recommended reporting terminology for
clinical SDAVF research. The cohort study was monitored by an
independent neurologist (SC). All participants gave written
informed consent before investigation.

2.2. Procedure
2.2.1. Magnetic resonance imaging. Magnetic resonance
imaging (MRI) (Signa HD 1.5T, GE, Waukesha, WI) scanning
was performed before surgery and 3 months after surgical
treatment for all patients with the following parameters:
repetition time (TR)/echo time (TE)=400 to 600/10 to 20 for
T1-weighted images, and TR/TE=3000 to 3400/100 to 120 for
T2-weighted images (T2WI). The length of hyper intensity in
medulla at sagittal view was counted using vertebral segments.
Two independent radiologists (YM and CP) reviewed the MRI
findings. If 2 observers obtained different values, then the higher
value was selected. The extent of high T2WI was considered to be
the involved vertebral levels on sagittal MR images.
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2.3. Procedure of surgery

After confirmed by spinal vascular digital subtraction angiogra-
phy (DSA), microsurgery was administered within 3 days. An
experienced neurosurgeon (ZH) performed all open surgeries,
which were performed under general anesthesia. After hemi-
laminotomy, the dura was opened and the fistula was identified
by tracing a dorsal engorged vein into a nerve root sleeve.
Indocyanine green (ICG) fluorescence angiography was per-
formed to identify the fistula. Next, we cauterized the fistula point
with a bipolar coagulator then cut. Postoperative angiography
was performed if the patient deteriorated.
2.4. HBOT treatment

Hyperbaric oxygen therapy was recommended to every patient,
but we did not tell them it was surely beneficial, so the patient
would select to use HBOT or not by themselves. Patients who
selected HBOT would start the therapy within 7 days after
surgery, and they were considered as the HBOT group. The
beginning pressure was 1.5 atmospheric pressure absolute
(ATA), and it gradually increased to 2.0 ATA after 2 days
for 1 to 1.5h/d. HBOT was continued for 14 days, and another
14 days of HBOT was initiated if the patient thought the effect
unsatisfactory. Postoperative rehabilitation was recommended to
the patient as soon as possible.

2.5. Patient follow-up

All patients were assessed before, and 1, 3, 6, 12, and 24 months
after surgery for an evaluation including symptoms, muscle
strength, MRI, modified Aminoff–Lougue Score (mALS), and
modified Denis Pain and Numbness Score (mDPNS). The
assessment scores are listed in Appendices 1 and 2. Patients
were asked to return to each center outpatient 3, 6, and 12
months after surgery for evaluation. Telephonic follow-up was
done at 1 and 24 months. Spinal MRI was recommended to all
patients 3 months after surgery. For patients who felt worse after
surgery, a spinal MRI would be performed soon. If the flow sign
was still seen around the spinal cord, a spinal angiographic would
be considered to exclude the recurrence. All patients were
assessed by a neurologist (YM or CP), who was unaware of the
patient’s group.

2.6. Statistical analysis

Continuous variables were summarized as medians and ranges,
and also means with standard deviations (SDs); for categorical
variables, frequencies were used. Data analyses were performed
using the computer software package SPSS (version 21, IBM
Corp., Armonk, NY). Unpaired t test was used for parametric
statistics. Chi-square test for trend was used to compare the
categorical variables.
For all results, a value of P<0.05 was considered statistically

significant.
3. Result

3.1. Clinical cohorts

From September 1, 2013 to January 31, 2014, a total of 42
consecutive patients with DSA confirmed SDAVFwere identified.
Of these patients, 3 patients with cervical SDAVF suffered from
subarachnoid hemorrhage, and 6 patients who underwent
intravascular embolization were excluded. Thirty-three patients



Figure 1. Enrolment of patients in this study.

Table 1

Baselines of HBOT and control group.

HBOT group
(n=16)

Control group
(n=17) P

Age of symptom onset, y 53.7 57.2 0.378
Women, % 18.8% 17.6% 0.642
From onset to operation, mo 12.9 15.2 0.490
Preop steroid therapy 12.5% 17.7% 0.530
Location of the fistula
Thorax, % 68.8% 64.7% 0.549
Lumber, % 31.2% 35.3%

Preop mALS 6.1 6.2 0.903
G 2.8 3.0 0.643
U 1.9 1.6 0.508
F 1.4 1.5 0.714

Preop mDPNS 5.3 5.1 0.791
P 2.2 2.5 0.360
N 3.1 2.6 0.170

Edema involvement (segments) 4.9 4.4 0.182

HBOT=hyperbaric oxygen therapy, mALS=modified Aminoff–Lougue scale, mDPNS=modified
Denis Pain and Numbness Scale.
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(23–77 years of age; 27 males, 6 females) treated by microsurgery
were included in this study. Sixteen patients who were selected to
receive HBOT were considered as the HBOT group and 17
patients who rejected HBOT were considered as the control
group. Patients’ assignment is listed in Fig. 1.

3.2. Patient characteristics

A comparison of baseline shows there was no statistical
difference between 2 groups in terms of age, sex, duration of
course, preoperative steroid therapy, location of fistula, and
preoperative mALS, mDPNS, and edema segments (Table 1). All
33 patients received spinal vascular DSA, and microsurgery was
Figure 2. MRI and DSA before surgery. A, Spinal cord edema; B, fistula from an
DSA=digital subtraction angiography, MRI=magnetic resonance imaging.
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performed within 3 days after DSA (Fig. 2) confirmation to cut
the fistula. Postoperative spinal angiography was performed in 5
patients (2 in HBOT group and 3 in control group) with
suspicious recurrence due to an exacerbation of the symptom
including lower limb weakness, pain, and numbness. No sign of
relapse had been found by spinal DSA in those 5 patients.

3.3. HBOT treatment

Among 16 patients who were included in the HBOT group, 14
patients started hyperbaric oxygen therapy 3 days after surgery,
and 2 patients started 1 week after surgery due to the device
limitation. Twelve patients received 14 days’HBOT, and another
4 patients 2 courses (28 days) of HBOT. No major adverse
anterior posterior view (white arrow); C, fistula from a lateral view (white arrow).

http://www.md-journal.com


Table 2

Improvement of mALS of 2 groups at 24 months follow-up.

HBOT group
(n=16)

Control group
(n=17) P

Improvement of mALS 2.00±1.37 1.47±1.66 0.327
Improvement of GAIT score 0.88±0.957 0.82±0.88 0.873
Improvement of URINATION score 0.63±0.72 0.35±0.61 0.248
Improvement of FECES score 0.56±0.51 0.35±0.996 0.457

HBOT=hyperbaric oxygen therapy, mALS=modified Aminoff–Lougue scale.
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complication was reported such as barotrauma, decompression
sickness, and seizures. Mild tinnitus was reported by 3 patients in
the beginning 3 days, which did not influence the treatment.
Urination

Feces
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Figure 3. Change of mALS with time after surgery. mALS=modified
Aminoff–Lougue scale.
3.4. Functional outcome

During the 24 months period, no patient contact was lost in
outpatient or telephone follow-up. At the 2-year follow-up, the
improvement in mALS and mDPNSwas compared between the 2
groups (Table 2). The improvement of mALS in the HBOT group
was 2.00±1.37 and that of the control group was 1.47±1.66
(P=0.327). No significant difference in the subitem of mALS was
found between the 2 groups. The improvement of mDPNS in the
HBOT group was 2.25±1.24 versus 0.88±1.36 in the control
group (P=0.005). The improvement of numbness score in the
HBOT group was statistically greater than that in the control
group (P=0.009). The pain score improvement of the HBOT
group was lower than that of the control group, but it did not
reach statistical significance (Table 3). According to Fig. 3 and
Fig. 4, the lower body motor, and urinary and fecal functions of
patients in both HBOT and control group recovered quickly in
the first 6–12 months. After 12 months, most patients had no
obvious improvement. Compared with the control group, after
surgery, patients in the HBOT group were likely to have more
improvement in postoperative lower limb pain and numbness,
which was greater than the control group from the administra-
tion of HBOT to 24 months after surgery.

3.5. Imaging outcome

Preoperative MRI showed an average of 4.9 (rang from 3 to 7)
vertebral segments hypersignal in sagittal view, whereas 4.4 (rang
from 3 to 7) vertebral segments were seen in the control group
(Table 1). All 33 patients received MRI scan at 3 months
outpatient follow-up. MRI showed different kinds of alleviation
of high T2 signal of spinal cord, and disappearance of dilated
vessel surrounding their spinal cord. Compared with preopera-
tive MRI, flow signals around spinal cord were vanished, and the
range of medullar oedema was released to different degree
(Fig. 5). It was noted that in the HBOT group, the average length
of hypersignal decrease was 3.25 (range from 1 to 5) compared
with 2.29 (range from 1 to 4) in the control group (P=0.009).
Table 3

Improvement of mDPNS of 2 groups at 24 months follow-up.

HBOT group
(n=16)

Control group
(n=17) P

Improvement of mDPNS 2.25±1.24 0.88±1.36 0.005
Improvement of pain score 0.63±0.89 0.29±0.85 0.281
Improvement of numbness score 1.63±1.20 0.59±0.87 0.009

HBOT=hyperbaric oxygen therapy, mDPNS=modified Denis Pain and Numbness Scale.
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4. Discussion

Although most SDAVF patients demonstrated an improvement
or stabilization in neurological symptoms after surgical treat-
ment, it has been reported that 24% to 36% of SDAVF patients
have no change or a worsening of motor function.[22] Among
patients who received a late diagnosis of SDAVF, 57% remained
in wheelchair after surgery. There is a need for assistant
management that helps to improve their recovery. To our
knowledge, this is the first study introducing hyperbaric oxygen
therapy into the treatment of patients with SDAVF.Most SDAVF
patients have pain and numbness postoperatively, which can
influence their life more than impaired motor function does; we
therefore assessed both motor function and sensory discomfort in
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Figure 4. Change of mDPNS with time after surgery. mDPNS=modified Denis Pain and Numbness Scale.
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a comprehensive assessment, and found HBOT could help
SDAVF patients release lower body pain and numbness.
The effectiveness of HBOT in neurological disorders is

in controversy. In our study, patients in the HBOT group had
better sensory outcome than did the control group, and also in
Figure 5. Sagittal T2 image of spinal MRI before and after HBOT. A, Severe ede
months after surgery and HBOT, little edema was found in the middle of spinal cord
found than in the previous measurement. HBOT=hyperbaric oxygen therapy, M

5

short-term MRI evaluation. For spinal cord injury, although
many animal experiments had been done, there is still a lack of
convincing clinical study to confirm the effect of HBOT on
people. In 2 reviews of HBOT for traumatic brain injury and
stroke,[17,21] the effectiveness has not fully confirmed. Yet, in a
ma with spinal cord swelling and 5 segments involved (white circle). B, Three
(white arrow). C, One year after surgery, slightly more edema (white arrow) was
RI=magnetic resonance imaging.

http://www.md-journal.com


Table 4

Comparison of MRI of 2 groups at 3 months follow-up.

HBOT group
(n=16)

Control group
(n=17) P

Decrease of high
signal extent in
spinal cord (segment)

3.25±1.07 2.29±0.223 0.009

HBOT=hyperbaric oxygen therapy, MRI=magnetic resonance imaging.

Chen et al. Medicine (2016) 95:37 Medicine
subgroup analysis, it was found that HBOT is able to decrease
mortality in the group of patients with Glasgow Coma Scale of 4
to 6 or with an intracranial pressure elevation of more than 20
mm H2O. It was argued that the existing conflict in results might
be ascribed to the patient enrolment criteria. Future studies are
required to provide more evidence.
The HBOT may increase blood oxygen pressure to 2000

mmHg,[17] provide enough oxygen to neurons and astrocytes,
and lead to constriction in small arteries. For patients with
elevated intracranial pressure (ICP), the blood flow can decrease
by 20% under HBOT, which leads to more than a 30% decrease
in ICP and a reduction in edema. Although the percentage of
blood flow that decreases after HBOT is not known, it was found
that edema segments in SDAVF patients were dramatically
reduced compared with control (Fig. 5, Table 4). Though we are
still not aware how long this difference would last, we believe that
HBOT can rapidly reduce the spinal cord edema, and also clinical
symptoms caused by it. The inner group analysis of this study
indicate that HBOT may be effective for both the early and late
diagnosed patients, which might suggest that HBOT could not
only help the recovery of spinal cord but also help in the
remodeling of synapses and neuron. Further studies including
trial on animal model should be designed to provide convincing
evidence.
As an initial study, we were not able to assess the quantity of

samples in advance, and the basic parameters of HBOT were due
to those for traumatic brain or spinal cord injury patients, and
also for stroke patients.[17,21] It was not known whether a higher
pressure could lead to a better outcome, which requires further
investigation. This study did not show statistically significant
difference in recovery of motor function between the 2 groups.
We suspected this was possibly due to the small number of
participants. As shown in Fig. 3C, the average urination score of
HBOT group was decreased at 6-month follow-up.We suspected
that the sampling bias or short-term psychological effects of
HBOTmight lead to this result. Although the motor function and
sensory discomfort of SDAVF patients become stable 1 year after
surgery, long-term follow-up is needed to evaluate the effect of
HBOT.
In conclusion, this prospective cohort study shows an

advantage of the early usage of HBOT in SDAVF patients after
surgery, as it can help improve sensory discomfort. There was still
no statistically significant improvement in motor outcome. Based
6

on these results, we recommend that SDAVF patients receive at
least 2 weeks of HBOT as early as possible.
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