
Introduction

Recent advances in hemodialysis have prolonged patient
lifespan and increased the number of hemodialysis patients.
However, the incidence of complications has increased.
Destructive spondyloarthropathy (DSA) complicating chronic
hemodialysis was defined by Kuntz et al.1 for the first time
in 1984. The cervical spine and lumbar spine are affected
by long-term hemodialysis, which can cause dialysis-associated
spondylosis.2, 3 However, there are difficulties associated
with spinal surgery because of such patients' poor general
condition and poor bone quality.4, 5,6 Dialysis-associated
spondylosis can be divided into DSA, amyloid deposition,7, 8

and dens axis lesions.9,10 The purposes of this study were to
classify the lesions of dialysis-associated spondylosis and
evaluate the results of surgical treatment.

Subjects and methods

The subjects were 87 patients (43 men and 44 women)
who underwent surgery in this hospital from 1981 onward
and who could be observed for at least 6 months (including
4 patients who died within 6 months following surgery).
The patients' ages at the time of surgery varied between 37
and 81 years (mean age, 61.1 years). The duration of dialysis
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【Objective】The purposes of this study were to classify the lesions of dialysis-associated spondylosis and evaluate the re-
sults of surgical treatment.
【Subjects and methods】The subjects were 87 patients (43 men and 44 women) who underwent surgery. These patients
were studied in terms of lesion classification, surgical method, duration of dialysis, duration of surgery, intraoperative blood
loss, and postoperative complications.
【Results】Among patients with cervical spine involvement, 13 had destructive spondyloarthropathy (DSA), 29 had amyloid
deposition, and 8 had a dens axis lesion. Among patients with lumbar spine involvement, 20 had DSA, and 17 had amyloid
deposition.

With regard to 6 patients with a dens axis lesion involving atlantoaxial subluxation, each had posterior fusion (PF) of the
occiput to the upper cervical spine. With regard to the patients with lumbar DSA, 10 patients had posterolateral fusion (PLF),
8 patients had posterior lumbar interbody fusion (PLIF) and 2 patients had laminectomy. The duration of dialysis in cases of
a dens axis lesion varied between 25 and 35 years, with the mean duration being 28.9 years.
【Conclusions】All patients who underwent surgery for dens axis lesions were long-term dialysis patients who had been on
dialysis for 25 years. Lumbar spine DSA was treated with PLIF in patients with lateral slipping and marked instability, with
laminectomy in patients with a narrowed intervertebral disk space and no instability.
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varied between 1 and 32 years (mean duration, 17.1 years),
and the duration of postoperative observation varied be-
tween 6 months and 12 years (mean duration, 3 years 5
months). Overall, 50 patients had cervical spine involve-
ment, and 37 patients had lumbar spine involvement.

Four orthopedic surgeons (with over 5 years' experience
as spine surgeons) classified the lesions as DSA, amyloid
deposition, and dens axis lesions. These surgeons evaluated
the radiographs and considered the presence of erosions
and destruction of vertebrae, intervertebral disk space nar-
rowing, and spondylolisthesis without apparent osteophyte
formation as DSA.1 Amyloid deposition was categorized as
the absence of DSA findings, with thickening of the
ligamentum flavum, intervertebral disk, and posterior lon-
gitudinal ligament visible on MRI, resulting in stenosis of
the spinal canal and the appearance of symptoms, with
amyloid deposition on tissue harvested during surgery.
Dens axis lesion was categorized as pseudotumor due to
amyloid deposition visible on MRI, sometimes involving
atlantoaxial subluxation.

Patients with more than one of DSA, amyloid deposition
or dens axis lesion simultaneously were categorized ac-
cording to the most important cause of clinical symptoms at
the time of onset.

Surgery was performed if spinal cord, cauda equina, or
nerve root symptoms were present and no improvement oc-
curred with conservative treatment. Anterior fusion (AF)
was the first-choice treatment for cervical DSA. Patients
with marked instability who had lost anteroposterior support
underwent anteroposterior fusion (APF), whereas those
with lesions extending across multiple spine for which long
fusion was required underwent posterior fusion (PF). Patients
with cervical amyloid deposition underwent decompression
by means of laminoplasty, whereas those suffering from
anterior pressure due to bulging of the intervertebral disk
underwent AF. Patients with a dens axis lesion involving
atlantoaxial subluxation underwent posterior decompres-
sion and fusion from the occipital bone to the upper cervi-
cal spine, whereas patients with only odontoid pseudotumor
and no atlantoaxial subluxation underwent only surgical re-
section of the posterior arch of the atlas. Lumbar spine DSA
was treated with posterior lumbar interbody fusion (PLIF)
in patients with lateral slipping and marked instability, with
laminectomy in patients with narrowed intervertebral disk
space and no instability, and with posterolateral fusion
(PLF) in the remaining patients. Laminectomy was per-
formed in patients with lumbar amyloid deposition.

Spinal instability was defined as intervertebral instability
with anteropostero slipping over 4 mm or over 10°in the

dynamic image, or lateral slipping over 5 mm in the
anteroposterior image.

These patients were studied in terms of lesion classifica-
tion, surgical method, duration of dialysis, duration of sur-
gery, intraoperative blood loss, and postoperative complica-
tions.

Results were statistically compared between lesion clas-
sification by t-test. Differences at P values of less than 0.05
were considered to be statistically significant.

Results

Among patients with cervical spine involvement, 13 had
DSA, 29 had amyloid deposition, and 8 had a dens axis le-
sion. Among patients with lumbar spine involvement, 20
had DSA, and 17 had amyloid deposition.

With regard to the surgical method for patients with cer-
vical DSA, 3 patients had APF, 3 patients had PF, and the
other patients had AF. All patients with cervical amyloid
deposition had laminoplasty, with the exception of a patient
who had AF. With regard to 6 patients with a dens axis le-
sion involving atlantoaxial subluxation, each had PF of the
occiput to the upper cervical spine, which was combined
with laminoplasty of the middle to lower cervical spine in 4.
Two patients with odontoid pseudotumor without atlantoaxial
subluxation underwent only surgical resection of the poste-
rior arch of the atlas. With regard to the patients with lum-
bar DSA, 10 patients had PLF, 8 patients had PLIF, and 2
patients had laminectomy. All patients with lumbar amyloid
deposition underwent laminectomy. (Table 1)

With regard to the duration of dialysis, 12 patients had
been on dialysis for 1-5 years, 12 patients for 6-10 years,
14 patients for 11-15 years, 16 patients for 16-20 years, 14
patients for 21-25 years, 13 patients for 26-30 years, and 6
patients for 31 years or more. With respect to the correlation
between the lesion and the duration of dialysis, the means
were as follows: 13.8 years for cervical DSA, 16.0 years for
cervical amyloid deposition, 16.7 years for lumbar DSA, and
16.6 years for lumbar amyloid deposition, with no differ-
ence between DSA and amyloid deposition. However, the
duration of dialysis in cases of a dens axis lesion varied be-
tween 25 and 35 years, with the mean duration being 28.9
years; all were long-term dialysis patients who had dedi-
cated themselves to the treatment for 25 years or more.
(Table 1) The duration of dialysis in cases of a dens axis le-
sion was significantly longer than the other lesions (p <
0.05). Six cases (75%) had a bone cyst of the odontoid
process of the axis and 7 cases (88%) had a bone cyst of the
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atlas in 8 cases of dens axis lesion.
Average intraoperative blood loss was 413 g, and the av-

erage duration of surgery was 3 hours 27 minutes. For pa-
tients with cervical DSA, average intraoperative blood loss
was 253 g, and average duration of surgery was 4 hours 42
minutes. For patients with cervical amyloid deposition, av-
erage intraoperative blood loss was 320 g, and average du-
ration of surgery was 2 hours 52 minutes. For patients with
a dens axis lesion, average intraoperative blood loss was
646 g, and average duration of surgery was 3 hours 44 min-
utes. For patients with lumbar DSA, average intraoperative
blood loss was 639 g, and average duration of surgery was
4 hours 16 minutes. For patients with lumbar amyloid
deposition, average intraoperative blood loss was 314 g,
and average duration of surgery was 2 hours 22 minutes.
(Table 1)Intraoperative blood loss was 1000 g in 6 pa-
tients: 2 with cervical amyloid deposition, 1 with a dens
axis lesion, and 3 with lumbar DSA. Among both the cervi-
cal spine patients and the lumbar spine patients, there were
cases of extremely severe bleeding, irrespective of duration
of surgery and lesion.

There were 4 early deaths within 6 months following
surgery: 1 patient with acute liver failure (died 2 days fol-
lowing surgery), 1 patient with heart failure (died 4 months
following surgery), and 2 patients with methicillin-resistant
Staphylococcus aureus (MRSA) infections at surgical site
(died 2 months and 3.5 months following surgery). Of these
4 patients, 3 had lumbar DSA and 1 had cervical amyloid
deposition. Surgery was of long duration (9 hours 25 min-
utes and 5 h 2 min) and blood loss was large (2885 g and
1230 g) in 2 of those who died.

Twenty patients (23%) underwent re-operation, includ-
ing those who underwent instrumentation removal to eradi-
cate deep infection. These included 5 patients with cervical
DSA (38%), 4 with cervical amyloid deposition (14%), and

1 with a dens axis lesion (13%), as well as 5 patients with
lumbar DSA (25%) and 5 with lumbar amyloid deposition
(29%). Re-operation was performed as a result of the fol-
lowing: appearance of new diseases in 8 cases, reappear-
ance of spinal amyloid deposition in 3 cases, adjacent level
impairment in 3 cases, nonunion after fusion in 2 cases,
epidural hematoma in 1 case, and deep infections in 3
cases. All deep infections occurred in patients with lumbar
DSA.

Presentation of cases

Case 1：A 55-year-old female patient on dialysis for 25
years (Figure 1)

This patient suffered from numbness in her fingers, gait
disturbances, and movement disorders, which had gradually
progressed to the point where she was unable to walk when
she visited the hospital.

Everything was normal in the neutral and extension posi-
tions on radiography images of the cervical spine; however,
a lateral radiography in the flexion position revealed ante-
rior subluxation of the atlantoaxial joint. Magnetic reso-
nance imaging (MRI) revealed an odontoid pseudotumor
with apparent spinal cord compression at the atlas level.
Furthermore, computed tomography (CT) myelography de-
tected a bone cyst of the odontoid process11, and the axial
CT image also revealed a bone cyst of the atlas. There were
no obvious abnormal findings in the middle to lower cervi-
cal spine on radiography; however, apparent spinal canal
stenosis that resulted from thickening of the ligaments was
detected on MRI and CT myelography.

Following a surgical resection of the posterior arch of the
atlas, PF from the occipital bone to the axis and laminoplasty
from C3-C7 were performed. The duration of surgery was
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Table 1. Surgical results of dialysis-associated spondylosis AF: Anterior fusion, PF: posterior fusion, APF: anteroposterior fusion, PLF:
posterolateral fusion, PLIF: posterior lumbar interbody fusion

Lesion classification
Cervical DSA

(n=13)
Cervical amyloid deposition

(n=29)
Dens axis lesion

(n=8)
Lumbar DSA

(n=20)
Lumbar amyloid deposition

(n=17)

Surgical method
(patients)

AF : 7
APF : 3
PF : 3

Laminoplasty : 28
AF : 1

PF : 6
Resection of the
posterior arch : 2

PLF : 10
PLIF : 8

Laminectomy : 2
Laminectomy : 17

Mean duration of dialysis
(years)

13.8±5.3 16.0±9.5 28.9±3.0 16.7±8.8 16.6±10.2

Average intraoperative
blood loss (g)

253±241.2 320±313.5 646±521.9 639±620.0 314±291.9

Average duration of
surgery

4 hours 42 minutes
±102.2 minutes

2 hours 52 minutes
±41.1 minutes

3 hours 44 minutes
±82.0 minutes

4 hours 16 minutes
±63.3 minutes

2 hours 22 minutes
±38.9 minutes
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4 hours 50 minutes, and the blood loss was 320 g. The post-
operative course was good, with improvement in hand and
finger movements, and the patient, who had been unable to
walk, regained walking ability as of now, 6 years 7 months
following surgery.

Case 2: A 54-year-old male patient on dialysis for 4 years.
(Figure 2)

This patient started to suffer back pain 5 years prior to
presentation. The back pain gradually worsened, and he
started to experience weakness in both legs. When it be-
came difficult for him to walk, he visited the hospital. The
anteroposterior lumbar radiography showed apparent scoliosis,
and MRI showed stenosis at L3/4. DSA at the site was evi-
dent on CT myelography.

PLF was performed on two intervertebral disc spaces,
L3/4 and L4/5, combining PLIF using a carbon cage with
pedicle screws. The duration of surgery was 4 hours 57
minutes, and the blood loss was 480 g. As of now, 5 years
2 months following surgery, the patient has made a satis-
factory recovery.

Case 3: A 60-year-old female patient on dialysis for 13
years (Figure 3)

This patient started to suffer back pain 3 years before
presentation. She started to experience pain in her right leg
2 months before presentation. Since it gradually worsened
and she became unable to walk, she visited the hospital.
While the radiography showed DSA and spondylolisthesis
at L4/5, the dynamic image did not show instability.

Laminectomy was performed. The duration of surgery
was 1 hour 57 minutes, and the bleeding volume was 60 g.
Two years seven months have passed, and the patient has
made a satisfactory recovery without showing any spinal
instability.

Discussion

It is important to evaluate the lesions of DSA, spinal
amyloid deposition, and dens axis lesions that result from
dialysis-associated spondylosis in order to determine the
optimal surgical method.
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Fig. 1. (Case 1)
A 55-year-old female patient on dialysis for 25 years
Lateral radiography of cervical spine ; a) Flexion position, b) Neutral position, c) Extending position
MRI (T2 weighted images) ; d) Sagittal
CT myelography ; e) Sagittal, f) Axial (C1 level)
Post surgical radiography ; g) Lateral
MRI reveals an odontoid pseudotumor with apparent spinal cord compression at the atlas level. Furthermore, CT
myelography detects a bone cyst of the odontoid process and the atlas. Spinal canal stenosis that results from thicken-
ing of the ligaments is detected on MRI and CT myelography.
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Fig. 2. (Case 2)
A 54-year-old male patient on dialysis for 4 years
Radiography of lumbar spine ; a) Anteroposterior, b) Lateral
MRI (T2 weighted images) ; c) Sagittal, d) Axial (L3/4 level)
CT myelography ; e) Coronal, f) Sagittal
Post surgical radiography ; g) Anteroposterior, h) Lateral
The anteroposterior lumbar radiography shows apparent scoliosis, and MRI shows stenosis at L3/4. DSA at the site is
evident on CT myelography.

Fig. 3. (Case 3)
A 60-year-old female patient on dialysis for 13 years
Radiography of lumbar spine ; a) Lateral flexion position, b) Neutral position,
c) Extending position
CT myelography ; d) Sagittal, e) Axial (L4/5 level)
While the radiography shows DSA and spondylolisthesis at L4/5, the dynamic
image does not show instability.
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Case 1 was a patient with a dens axis lesion and middle
to lower cervical amyloid deposition. Surgery was per-
formed because of the presence of spinal cord symptoms
induced by the dens axis lesion. Because the dens axis le-
sion involved atlantoaxial subluxation and a bone cyst of
the atlas was also present, posterior fusion was performed
from the occipital bone to the axis. Spinal canal stenosis
due to amyloid deposition in the middle to lower cervical
spine was also present, and laminoplasty was therefore per-
formed. Case 2 was a patient who had lumbar DSA with
marked instability. Surgery was performed because of the
presence of advanced cauda equina neurological symptoms.
PLIF was performed on two intervertebral disk spaces,
L3/4 and L4/5, because of instability at those levels with
lateral slipping. Case 3 was a patient with lumbar DSA
with no instability. Surgery was performed because of the
presence of advanced nerve root symptoms. DSA and ante-
rior slippage were present at L4/5, but because dynamic im-
aging did not show instability, only laminectomy was per-
formed.

Kato et al.12 performed a surgical resection of the poste-
rior arch of the atlas and transarticular screw fixation
(Magerl technique)13 as the surgical treatment for dens axis
lesions in dialysis patients and reported a positive outcome.
On the other hand, we performed fusion of the occipital bone
on all patients with dens axis lesions involving atlantoaxial
subluxation. This is because patients with dens axis lesions
are long-term dialysis patients who have dedicated them-
selves to the treatment for 25 years or more, and also be-
cause, in addition to a bone cyst of the odontoid process of
the axis,11 similar findings may be observed in the atlas, as
was seen in Case 1. Seven cases (88%) had a bone cyst of
the atlas in 8 cases of dens axis lesion. Occipitocervical fu-
sion is most frequently selected in such cases in the belief
that the transarticular screw fixation (Magerl technique)
may not provide sufficient screw fixation of the atlas.

The blood loss in dialysis patients varies widely, irre-
spective of surgical method and on a case-by-case basis.
Causes of the tendency to bleed in dialysis patients include
the following: low platelet count, platelet dysfunction, cap-
illary fragility, severe anemia, drug-related, and increased
prostaglandin E2 synthesis in the vessel wall.14 However,
no such abnormalities are detected on pre-operative testing.
Therefore, a tendency to bleed may be observed only at the
time of surgery, and it is therefore necessary to deal with
the situation flexibly by, for example, changing the surgical
method depending on the bleeding volume.

Because lumbar DSA involves spinal instability (Radiography
showed lateral slipping and scoliosis.), as was shown in

Case 2, PLIF or PLF performed. We had 3 lumbar DSA pa-
tients who developed MRSA infections following surgery,
and 2 of them died. If there is no instability (The dynamic
image did not show instability.), performing laminectomy
alone causes no problems even in cases of DSA (Figure 3).
The spinal instability and general condition should be thor-
oughly reviewed prior to surgery to identify whether PLIF
should also be performed, whether PLF is possible, or
whether laminectomy is difficult, and to decide the surgical
approach.

The rate of re-operation was high, with 20 patients (23%)
undergoing re-operation. The lesion varied, including the
following: appearance of new diseases, reappearance of
spinal amyloid deposition, and adjacent level impairment.
As was seen in Case 2, DSA may not be detected by single
radiography. In each case, the lesion should be thoroughly
identified, and the surgical approach should be reviewed
prior to surgery. In particular, it is necessary to pay atten-
tion to two issues: whether DSA exists in cases of spinal
amyloid deposition where laminectomy is to be performed;
and whether spinal instability between adjacent level im-
pairment is detected when performing spinal fusion for
DSA. This is because, in these cases, re-operation could be
prevented by selecting fusion as the surgical approach or by
extending the extent of fusion.

Conclusion

1. All patients who underwent surgery for dens axis lesions
were long-term dialysis patients who had been on dialy-
sis for 25 years.

2. Lumbar spine DSA was treated with PLIF in patients with
lateral slipping and marked instability, with laminectomy
in patients with a narrowed intervertebral disk space and
no instability, and with PLF in the remaining patients.
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