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Conservative treatment with hyperbaric oxygen therapy
for cervical spondylotic amyotrophy

K Tofuku', H Koga', K Yone? and S Komiya?

IDepartment of Orthopaedic Surgery, Imakiire General Hospital, Kagoshima, Japan and *Department of Orthopaedic Surgery,
Kagoshima Graduate School of Medical and Dental Sciences, Kagoshima, Japan

Study design: Small case series of patients with cervical spondylotic amyotrophy (CSA) managed by
conservative treatment with hyperbaric oxygen (HBO) therapy.

Objective: To study the effects of conservative treatment with HBO therapy of CSA patients.
Setting: Department of Orthopaedic Surgery, Imakiire General Hospital, Kagoshima, Japan.
Methods: This study included 10 patients with CSA who underwent rehabilitation, including cervical
traction and muscle exercise, for some period of time but did not respond well to it, and were then
managed by additional HBO therapy for rehabilitation. Information was obtained on the duration of
symptoms and strength of the most atrophic muscle, intramedullary high-signal-intensity changes on
T2-weighted magnetic resonance imaging, presence of ‘snake-eyes’ appearance and the number of
stenotic canal levels.

Results: The mean duration of symptoms before HBO treatment was 3.1 months. The axial T2-
weighted magnetic resonance images of all 10 patients showed a ‘snake-eyes’ appearance. The mean
number of stenotic canal levels was 0.3. There was marked improvement on manual muscle testing
from a mean of 1.9 pretreatment to a mean of 4.4 at the last follow-up after HBO therapy. The
outcomes of all 10 patients, whose results were classified as excellent or good, were considered clinically

satisfactory.

Conclusion: To our knowledge, conservative treatment with HBO therapy for CSA patients has not
previously been described. It appears that HBO therapy might improve ischemic injury of the anterior
horns in CSA patients with short duration of symptoms.
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Introduction

Cervical spondylotic amyotrophy (CSA) is a well-known but
rare condition with cervical spondylosis characterized by
severe muscle atrophy and weakness in the upper extremities
without significant sensory deficits."? Cases of CSA can be
grouped into a proximal type with atrophy of proximal
muscles, including the deltoid, biceps and triceps; distal type
with atrophy of muscles of the forearm and hands; and
diffuse type with atrophy of both proximal and distal
muscles. The pathophysiology and treatment of this condi-
tion remain controversial.

HBO therapy, which is widely performed for patients in
hypoxic condition, is an attractive method of treatment that
has frequently been used for several neurological conditions,
including stroke, cerebral palsy, brain injury and spinal cord
injury.*” HBO therapy has been shown to decrease tissue
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edema, improve blood flow and promote oxygen delivery,
leading to an increase in the oxygen level in neuronal tissues
and enhancement of cellular and metabolic functions.®

To our knowledge, the effectiveness of conservative
treatment with HBO therapy for the management of CSA
has not been reported. Herein, we report a small case series of
CSA successfully managed by conservative treatment with
HBO therapy and review the literature.

Materials and methods

This study included 10 patients with CSA who underwent
rehabilitation, including cervical traction and muscle ex-
ercise, for some period of time but did not respond well to it,
and were then managed by additional HBO therapy for
rehabilitation. Approval was obtained from the Institutional
Review Board of the Imakiire General Hospital. The mean
age of the patients was 58 years (range: 45-74 years), and
there were seven male and three female patients, including
seven with proximal type, two with distal type, and one with
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diffuse type of the disease. All patients had muscle atrophy of
the upper extremities without gait disturbance or sensory
deficit. Denervation potentials and decreased motor unit
potentials were found in the atrophic muscles on standard
needle electromyography, but abnormal electromyographic
findings were not noted in the thoracic paraspinal muscles
and lower extremity muscles in all 10 patients.

Information was obtained on the duration of symptoms
and strength of the most atrophic muscle, which was
evaluated using manual muscle testing (MMT). Imaging
studies included plain radiographs and magnetic resonance
imaging (MRI) of the cervical spine. T2-weighted MRI was
examined for intramedullary high-signal-intensity changes
and ‘snake-eyes’ appearance, a high-intensity area in the
anterior horns. The number of stenotic canal levels was also
investigated. Cases with disappearance of the subarachnoid
space on the sagittal T2-weighted MRI were considered to
have spinal canal stenosis.

Response to HBO treatment

In accordance with our protocol, patients received HBO
(100% O, at 2atm absolute for 1h) once daily for a total of
10-20 cycles. Improvements in muscle strength were
classified from excellent to poor (excellent, more than 2
grades of improvement on MMT or recovery to MMT grade 5;
good, 1 grade of improvement on MMT; fair, no improve-
ment on MMT; poor, worsening on MMT). Excellent and
good outcomes were considered clinically satisfactory, while
fair and poor outcomes were considered unsatisfactory.

Results

There was a marked improvement in MMT grades from a
mean of 1.9 (range: 1-2) before treatment to a mean of 4.4
(range: 3-5) at the last follow-up after HBO. The mean
follow-up period was 19.5 months (range: 12-36 months) in
the 10 patients with CSA. Nine patients were classified as
having excellent and one patient with distal type CSA as
having good improvement in muscle strength. No patient in
this case series was classified as fair or poor. Thus, the
outcome of all 10 patients was considered clinically
satisfactory. The mean duration of symptoms before HBO

treatment was 3.1 months (range: 1-12 months). The
duration of symptoms before HBO treatment was shorter in
patients classified as having excellent improvement, with a
mean of 2.1 months (range: 1-5 months), than in patients
classified as having good improvement, who had a 12-
month duration of symptoms. Sagittal T2-weighted MRI
revealed intramedullary high-signal-intensity changes in
seven patients, including six patients classified as having
excellent improvement and one patient classified as having
good improvement. ‘Snake-eyes’ appearance was noted on
the axial T2-weighted MRI in all 10 patients. The mean
number of stenotic canal levels was 0.3 (range: 0-2), and no
stenotic canal level was observed in eight patients, including
seven patients classified as having excellent improvement
and one patient classified as having good improvement
(Tables 1 and 2).

Representative cases

Case 1. A 74-year-old woman experienced weakness of the
right hand muscles and difficulty with finger motion after
physical exercise. The weakness gradually progressed, but
was then stable for 2 months. Neurological examination
revealed muscle weakness of the right forearm and hand
muscles (grade 2/5 on MMT). The intrinsic muscles of both
hands exhibited severe atrophy. Sensation was intact, as were
the cranial nerves. Deep-tendon reflexes in the upper and
lower extremities were normal bilaterally, without patholo-
gical reflexes. Electromyographic findings were compatible
with denervation of the muscles innervated by C7, C8 and
T1 bilaterally, with right-sided predominance. Sagittal T2-
weighted MRI revealed slight intramedullary hyperintensity
at the level of C4-C5 (Figure la). Axial T2-weighted MRI
revealed high-intensity areas in the anterior horns from C5-
C6 to C6-C7, with right-sided predominance (Figure 1b).
The patient underwent cervical traction for 1 week, but her
symptoms did not change markedly. She therefore began to
undergo once-daily HBO treatment for 13 days. The duration
between the onset of symptoms and start of HBO treatment
was 3 months. Each HBO treatment involved pressurization
to 2atm absolute for 1h. The muscle weakness of the right
forearm and hand muscles gradually improved and recov-
ered well by the end of HBO therapy (grade 4/5). Her
condition has been stable for the past 3 years.

Table 1 Clinical and imaging features

Case no. Age (years) Sex Type DS (months) T2 IH ‘Snake-eyes’ appearance sC
1 74 F Distal 3 C4-C5 C5-C6, C6-C7 0
2 62 M Proximal 5 C3-C4 C3-C4, C4-C5, C5-C6 0
3 66 F Proximal 2 None C4-C5, C5-Cé6 2
4 56 M Proximal 1 None C3-C4 0
5 61 M Distal 12 C5-C6, C6-C7 C4-C5, C5-Cé6 0
6 51 M Diffuse 3 C3-C4, C4-C5, C5-Cé6 1

C3-C4, C4-C5

7 51 M Proximal 1 None C2-C3, C3-C4, C4-C5 0
8 66 M Proximal 1 C3-C4, C4-C5, C5-C6 C3-C4 0
9 45 M Proximal 1 C3-C4, C4-C5 C3-C4, C4-C5, C5-C6 0
10 52 F Proximal 2 C3-C4, C4-C5 C3-C4 0

Abbreviations: DS, duration of symptoms before hyperbaric oxygen treatment; SC, the number of stenotic canal levels; T2 IH, intramedullary high-signal-intensity

changes on sagittal T2-weighted magnetic resonance imaging.
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Table 2 Summary of clinical outcome
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Case no. Pretreatment MMT Final follow-up MMT Improvement in Clinical outcome Follow-up period
muscle strength (months)

1 2 4 Excellent Satisfactory 36

2 2 4 Excellent Satisfactory 34

3 2 4 Excellent Satisfactory 32

4 1 5 Excellent Satisfactory 13

5 2 3 Good Satisfactory 15

6 2 4 Excellent Satisfactory 14

7 2 5 Excellent Satisfactory 12

8 2 5 Excellent Satisfactory 13

9 2 5 Excellent Satisfactory 12

10 2 5 Excellent Satisfactory 14
Abbreviation: MMT, manual muscle testing.
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Figure 1

(a) Sagittal T2-weighted images showing high signal intensity within the spinal cord at approximately C4-C5 level. (b) Axial T2-

weighted images showing a high-intensity area at approximately the level of the right C6 anterior horn.

Case 2. A 62-year-old man experienced muscle weakness of
the right shoulder and arm, which gradually progressed.
Although a private clinician had treated him with rehabilita-
tion for 4 months, his muscle weakness did not improve, and
he was referred to our hospital. Neurological examination
revealed severe bilateral muscle atrophy of the shoulders and
arms, predominantly on the right side, as well as weakness of
the right deltoid, biceps and brachioradialis muscles (grade
2/5). Sensation was normal. The biceps reflexes were
diminished and the triceps reflexes were hyperactive bilat-
erally. Deep-tendon reflexes in both lower extremities were
slightly hyperactive. He had a normal gait, without spasti-
city. Electromyographic findings were compatible with
denervation of the muscles innervated by CS5 and C6
bilaterally, with right-sided predominance. Sagittal T2-
weighted MRI revealed cord compression with a region of
intramedullary hyperintensity at the level of C3-C4
(Figure 2a). Axial T2-weighted MRI revealed high-intensity
areas in the anterior horns from C3-C4 to C5-C6, with
right-sided predominance (Figure 2b). HBO therapy was
performed once a day for 11 days, under an absolute

atmospheric pressure of 2atm for 1h. The duration of
symptoms before HBO treatment was 5 months. The patient
noted gradual improvement already during and marked
improvement of his motor symptoms at the end of HBO
therapy (grade 3/5). At 3 months after HBO therapy, the
strengths of the right deltoid, biceps and brachioradialis
muscles were each of grade 4/5. His condition has remained
stable for the past 34 months.

Discussion

Whether the pathogenesis of CSA involves selective injury to
the ventral nerve roots, the anterior horns of the cervical
spine or both has remained unclear. Keegan' reported a case
of dissociated motor loss in the upper extremity with cervical
spondylosis, which was attributed to selective compression
of the ventral nerve roots. Yanagi et al.> have attributed this
syndrome to circulatory insufficiency in the territories of the
spinal central arteries leading to ischemic injury of the
anterior horn cells. In addition, some authors believe that
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Figure 2 (a) Sagittal T2-weighted images showing an intramedullary region of hyperintensity at the level of C3-C4. (b) Axial T2-weighted
images showing a high-intensity area at approximately the level of the right C5 anterior horn.

CSA is caused by selective injury of the anterior horns in the
spinal cord, on the basis of T2-weighted MRI findings of a
‘snake-eyes’ appearance of symmetric intramedullary high-
signal intensity areas and findings of delayed enhanced
computed tomography of intramedullary enhancement in
the anterior horn on the affected side.”'° Ito et al.'* reported
that both the anterior horns and ventral nerve roots are
compromised by paramedian compression in CSA. Shino-
miya et al.'? proposed a nerve root lesion or intrinsic cord
lesion as a cause of proximal-type CSA, on the basis of
findings of neuroradiological and electrophysiological as-
sessment. Fujiwara et al.'® reported, on the basis of the
surgical outcome of posterior decompression, that CSA was
caused by impingement of either the anterior horn of the
spinal cord or ventral nerve root, although some patients
had impingement of both the anterior horn and ventral
nerve root.

The diagnosis of CSA is generally based on clinical
presentation, disease course, physical examination, neuroi-
maging findings, electrophysiological findings and the
exclusion of other disorders that might cause similar clinical
features. The clinical feature of CSA, including muscle
atrophy and fasciculation of the upper extremities, resembles
motor neuron diseases such as amyotrophic lateral sclerosis
(ALS) and progressive spinal muscular atrophy. In particular,
differentiation of CSA from early-stage ALS may be difficult.
Bulbar muscle involvement obviously suggests ALS, and the
clinical manifestations of ALS are diffuse and progressive.
About half of the patients with progressive spinal muscular
atrophy show a symmetric wasting away of intrinsic hand
muscles, slowly advancing to the more proximal parts of the
arm.'* On the other hand, CSA is characterized by muscle
weakness and wasting away of the upper extremities
that does not progress beyond a few myotomes, and that
usually stabilizes for years after an initially progressive
course.”'>!>16 In addition, findings of electromyography
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are observed only in the atrophic muscles in case of CSA, but
are diffuse in patients with ALS.'> An important factor
favoring CSA is the lack of bulbar muscle involvement and
the non-progressive nature of motor symptoms and signs
that are restricted to a few myotomes.

The treatment of CSA remains controversial. Surgical
treatment has included anterior cervical decompression
and fusion or posterior decompression (laminoplasty with
or without foraminotomy). Shinomiya et al.'? reported 10
CSA patients treated by anterior cervical decompression with
good outcomes. Mori et al.'® reported that anterior surgical
intervention is effective in patients with CSA unless MRI
reveals the presence of a severe degenerative intramedullary
lesion. Srinivasa et al.'” reported a good outcome for patients
with distal CSA managed by central corpectomy, and
considered a ventral decompression procedure such as
central corpectomy to be ideal, as the spinal cord is involved.
Fujiwara et al.'® reported that laminoplasty and foraminot-
omy were effective in treating most patients for CSA, with
excellent or good results in 78% of cases. Sasai et al.'®
reported that microsurgical posterior foraminotomy com-
bined with laminoplasty is a beneficial treatment option,
with improvement of deltoid muscle strength in approxi-
mately 80% of CSA cases.

On the other hand, there have been a few reports of
conservative treatment with successful recovery. Kameyama
et al.? reported three cases of CSA treated by immobilization
of the neck with improvement of motor symptoms and
stabilization, and suggested that a pathophysiological basis
of this syndrome may be multisegmental injury of the
anterior horns caused by dynamic cord compression through
circulatory insufficiency. Shibuya et al.'® observed motor
recovery in three patients with CSA who received prosta-
glandin E1 treatment, and suggested that patients with
anterior spinal artery syndrome might have been included
among those diagnosed with CSA.



HBO, which is widely performed for patients in hypoxic
condition, is an attractive method of treatment that has
frequently been used for several neurological diseases.>”’
HBO therapy has been shown to decrease tissue edema,
improve blood flow, and promote oxygen delivery, leading
to an increase in the oxygen level in neuronal tissues and
enhancement of cellular and metabolic functions.® Arterial
oxygen pressure and content were increased after HBO
treatment, with a 20% improvement of oxygen supply to
the ischemic periphery.!® Increased oxygen supply to the
ischemic penumbra may result in improvement of energy
failure in compromised tissue and reduce susceptibility to
spreading depression.?® HBO therapy has also been clinically
reported to promote neurological recovery after spinal cord
injury or surgical treatment of cervical myelopathy.®” We
believe that HBO might facilitate the recovery of reversibly
injured cells by improving the hypoxic condition of neural
tissue at risk, though it has no effect on the recovery of
irreversibly injured cells. In the CSA patients of the present
study, we speculate that oxygen supply to reversibly injured
anterior horn cells under hypoxic conditions by HBO
treatment might result in improvement of energy failure
and subsequent reinnervation of the atrophic muscles,
leading to improvement of muscle strength.

Conclusion

To our knowledge, conservative treatment with HBO therapy
for CSA patients has not previously been described. We
believe that HBO therapy might improve ischemic injury of
the anterior horns in CSA patients with short duration of
symptoms. Although assessment of a larger number of cases
is needed to evaluate the effectiveness of HBO therapy, the
findings of the present case series suggest that conservative
treatment with HBO therapy might be a useful treatment
option before surgery for CSA patients with short duration of
symptoms.
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