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Comparative Study of Percutaneous Vertebral
Body Perforation and Vertebroplasty for the
Treatment of Painful Vertebral Compression

ORIGINAL
ReseARcH | Fractures
K. Yokoyama BACKGROUND AND PURPOSE: Percutaneous vertebral body perforation is a new technique for treating
M. Kawanishi painful VCFs. Herein, we compare the therapeutic effect of vertebral perforation and conventional
M. Yamada vertebroplasty for treating VCFs.
H. Tanaka MATERIALS AND METHODS: One hundred eight patients with single painful VCFs were assigned to
Y. lto undergo vertebral perforation (perforation group) or vertebroplasty (PVP group). Clinical outcomes
o were assessed by using the VAS. The associations of analgesic effect and clinical factors were also
M. Hirano analyzed by multivariate regression. Plain radiographs were used to quantify the progression of
T. Kuroiwa vertebral body compression after surgery and to evaluate cement leakage and new vertebral fractures.

The median follow-up time was 10 months.

RESULTS: Baseline characteristics were similar in the 2 groups. No factors correlated with analgesic
effects in the PVP group. The analgesic effect of vertebral perforation was, however, related to the
preoperative severity of vertebral compression and was low in patients with severe deformity (P <
.05). Among patients with preoperative vertebral percentage of compression below 30%, there were
no significant differences between the 2 groups in analgesic effect at any postoperative intervals.
Progression of vertebral compression after surgery occurred in 22.2% and 16.0% of treated vertebrae
in the perforation and PVP groups, respectively (P = .38). Respectively, 3.7% and 20.0% of the
perforation and PVP groups had new postoperative fractures during follow-up (P < .05). There were no
other complications.

CONCLUSIONS: Vertebral perforation was safe and effective for painful VCFs with slight compression.
However, vertebroplasty should be considered for patients with marked vertebral body compression.

ABBREVIATIONS: ADL = activities of daily living; PVP = percutaneous vertebroplasty; VAS = visual
analogue scale; VBH = vertebral body height; VCF = vertebral body compression fracture

ertebroplasty using bone cement has been performed

worldwide to control pain due to osteoporotic VCFs resis-
tant to conservative treatment.'® While marked analgesic ef-
fect and improvement in ADL are apparent immediately after
vertebroplasty, problems including postoperative fractures of
adjacent vertebral bodies, pulmonary embolism due to leak-
age of bone cement out of the vertebral body, and symptoms
of spinal cord compression have been reported.”!" In partic-
ular, postoperative fractures have been reported to occur in
41%-67% of patients, suggesting that the treatment itself may
induce new fractures.'*'* Because no effective method of
avoiding such fractures has been established, to our knowl-
edge, this complication is currently a major limitation of ver-
tebroplasty. Thus, breakthroughs to overcome this problem
are awaited.

Fracture pain and increased intraosseous pressure have
long been regarded as being closely related. In fact, there have
been a number of reports evaluating increased intraosseous
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vertebral pressure in VCFs.'>? Intraosseous decompression
for the treatment of fracture pain is thought to have therapeu-
tic benefits and is covered by medical insurance in Japan. It is
well-known that there is no dose-escalation effect of bone ce-
ment used for the treatment of VCFs.**** Furthermore, we
have actually experienced some patients who obtained a re-
markable analgesic effect despite injection of a small amount
of bone cement into painful fractured vertebrae. We aimed at
reducing increased intraosseous vertebral pressure, which was
a cause of pain in this study. We prospectively performed per-
cutaneous vertebral body perforations without bone cement
in patients with VCFs resistant to conservative treatment. We
evaluated the therapeutic effects, complications, and factors
affecting its analgesic effect and compared them with those of
conventional vertebroplasty.

Materials and Methods

The study protocol was approved by our institutional review board.
Before surgery, informed consent was obtained from all patients after
a full explanation of the therapeutic procedure, including the lack of
bone cement infusion in the perforation group, had been provided.

Subjects

We assessed 108 patients with single painful VCFs who had not re-
sponded to conservative treatment in a pain clinic or at an orthopedic
clinic. These patients were treated with either vertebroplasty or ver-
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tebral perforation at our institution from 2007 through 2010. The first
50 patients (50 vertebrae) were treated with vertebroplasty (PVP
group); the last 58 (58 vertebrae), with vertebral perforation (perfo-
ration group). We retrospectively reviewed clinical and imaging data
from these patients. To avoid a learning-curve effect, we excluded 232
vertebrae treated with vertebroplasty before 2007 at our institution.

The perforation group included 48 women and 10 men, ranging
from 61 to 100 years of age (mean age, 76.7 years). The PVP group
included 42 women and 8 men, ranging from 59 to 90 years of age
(mean age, 77.5 years). Patients were evaluated before surgery on the
basis of a complete history, physical examination, and neuroimaging
evaluations (x-ray, CT, and MR imaging). Radiographs (anteropos-
terior and lateral views) of the thoracic and lumbar spine were ob-
tained, preferably in a standing position, if the patient was able, or in
a sitting position if not.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1) VCF with 0%-90% loss of
VBH on x-ray of the spine; 2) severe back pain related to a single VCF
refractory to analgesic medication for at least 2 weeks; 3) pain with a
VAS score of 5 or higher interfering with ADL, tapping pain at the
spinal process of the fractured vertebral body; and 4) on MR imaging,
the affected vertebral body showed a high signal intensity on short TI
inversion recovery imaging and low signal intensity on TIWL

The exclusion criteria were as follows: 1) uncorrected coagulopa-
thy, 2) local or systemic infection, 3) secondary osteoporosis, 4) in-
ability to give informed consent, 5) impaired cardiopulmonary func-
tion, 6) dementia, 7) painless VCF, 8) spinal metastatic cancer, and 9)
neurologic symptoms.

Surgical Procedures

Percutaneous Vertebral Body Perforation (Perforation Group).
All patients were operated on by 1 of the authors (M.K.) who had
performed 282 vertebroplasties. Surgery was performed with the pa-
tient in the prone position under local anesthesia. Under C-arm guid-
ance, a 13-ga biopsy needle (K-project, 13 ga X 150 mm; TSK Labo-
ratory, Tochigi-Shi Tochigi-Ken, Japan) was inserted via the bilateral
transpedicular routes into the anterior third of the vertebral body.
The presence or absence of a communication between the bilateral
needle holes was checked, and blood or effusion in the vertebral body
was aspirated. Next, a contrast medium (iodixanol, Visipaque 270;
Daiichi-Sankyo, Tokyo, Japan) was injected through the bilateral nee-
dles; the position of the tip of each needle, its communication with the
vertebral vein, and the efflux pattern of the contrast medium were
then checked. Finally, irrigation with 50 mL of saline was performed
via each needle. Surgery was completed by withdrawing both needles.
The patients were discharged on the same day after approximately 1
hour of bed rest.

PVP Group. All patients were operated on by 1 of the authors
(M.K.). Surgery was performed with the patient in the prone position
under local anesthesia. Under C-arm guidance, a 13-ga biopsy needle
(K-project, 13 ga X 150 mm, TSK Laboratory) was inserted via a
unilateral transpedicular route into the anterior third of the vertebral
body. A contrast medium (Visipaque 270, Daiichi-Sankyo) was in-
jected through the needle; the position of the tip of the needle and the
efflux pattern of the contrast medium were checked. A polymethyl-
methacrylate mixture was injected into the vertebral body. Surgery
was completed by withdrawing the needle. The patients were dis-
charged on the same day after approximately 2 hours of bed rest.
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During cement injection, fluoroscopic monitoring with a C-arm unit
was used in both planes.

Outcome Evaluation and Comparison of Parameters. Pain was
evaluated before and 2 days (next day), 1 week, 1 month, and 3
months after surgery. Pain was evaluated by using a VAS from 10 for
maximum pain to 0 for no pain. We compared postoperative VAS
score changes between the perforation and PVP groups.

For each patient, the recovery rate with treatment on day 2 was
evaluated. The recovery rate (percentage) was expressed as the VAS
score improvement rate [(preoperative VAS—postoperative VAS on
day 2) / preoperative VAS X 100].

For multivariate analysis of pain reduction, the items evaluated
included age, sex, symptom duration, preoperative vertebral body
collapse (%), presence of an intravertebral cleft on preoperative MR
imaging, pre-existing vertebral fractures, preoperative kyphotic
change on radiography (lateral view), preoperative posterior wall de-
struction on radiography (lateral view), and communication between
the bilateral needle holes (only in the perforation group).

In each group, we analyzed the association between the recovery
rate (day 2) and the aforementioned factors. In this analysis, we ad-
opted the day 2 recovery rate because the analgesic effect after 7 days
might be affected by the natural course of VCF.

The degree of vertebral body collapse (percentage) was calculated
as the loss of vertebral body height in comparison with the vertebra
above it (referent vertebra) in all patients. Intravertebral clefts were
judged by examining sagittal T2ZWI MR images of the spine.

Statistical Analysis

Statistical analyses were performed by using StatView 5.0 software
(SAS Institute, Cary, North Carolina). For comparison of demo-
graphic characteristics, VAS scores on follow-up, and complications
between the 2 groups, we applied the Mann-Whitney U test or the
Fisher exact test. Relationships between parameters and pain out-
comes were assessed by multivariate analysis. All data are presented as
mean * SD, and differences were considered statistically significant at
a Pvalue < .05.

Results

Table 1 shows demographic data from the perforation and
PVP groups. Baseline characteristics were similar in the 2
groups. Preoperative VAS scores did not differ between the
perforation and PVP groups (7.0 = 2.1 versus 7.0 * 1.4).
Figure 1 shows VAS score reductions during follow-up in both
groups. The VAS score decrease after vertebroplasty was sig-
nificantly higher than that after vertebral perforation at all
time points (~day 7, P < .05; day 7 ~ day 90, P < .3). The
improved pain relief in the 2 groups was apparent 1 day after
the procedure and on day 2, with the VAS score decreasing
from 7.0 = 2.1 to 3.0 % 1.0 in the perforation group and from
7.0 = 1.4 to 1.5 = 0.7 in the PVP group. The day 2 recovery
rate was 53.9 = 62.2% in the perforation group and 78.6 =
8.5% in the PVP group. Pain relief was sustained in both
groups for 90 days. The multivariate analysis resulted in day 2
recovery rates of the 2 groups. In the perforation group, the
vertebral percentage of compression before surgery was statis-
tically significant (P = .03). The therapeutic effect was lower in
patients with a more severe vertebral percentage of compres-
sion. The symptom duration (days) was shorter in patients
showing a high therapeutic effect (P = .09). On the other



Table 1: Baseline characteristics of 108 patients treated for VCFs*

Characteristic Perforation Group PVP Group P Value

No. of patients 58 50

Mean age (yr) (range) 76.7 =42 775+ 84 35

No. of women (%) 48 42

Preop. VAS score 7021 70+14 82

Mean duration of symptoms (day) 127.8 =105 1453 = 112 68

Posterior destruction of VB (+)19 (+)10 09
(-3 (~)40

No. of patients with preexisting VCFs (+) 34 (+)31 42
(-) 24 (-)19

Distribution of treated VCFs T7-L5 T6-L4

Presence of kyphotic change (+)15 (+)18 15
(~)43 (~)32

Preop. vertebral percentage of compression (%) 459 +29.7 425+ 142 64

Preop. intravertebral cleft on MRI (+)30 (+)15 02
(-) 28 (=) 35

Communication of puncture holes (+)15
(~)43

Note:—preop indicates preoperative; VB, vertebral body.
@ Statistical analyses were performed with the Mann-Whitney U test or the Fisher exact test.
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Fig 1. Comparison of reductions in postoperative VAS scores during follow-up between the
perforation and PVP groups. The VAS score decrease after vertebroplasty was significantly
greater than with vertebral perforation at all time points.

hand, in the PVP group, no constitutional factors correlated
with the therapeutic effect.

Next, we investigated VAS scores during follow-up in pa-
tients with marked vertebral compression (>70%) and in
those with slight vertebral compression (<30%) (Figure 2). In
patients with marked vertebral compression (>70%), the VAS
score decrease after vertebroplasty was markedly higher than
that with vertebral perforation at all time points. On the other
hand, in patients with slight vertebral compression (<30%),
there were no significant differences between the 2 groups in
analgesic effect at any postoperative intervals examined in this
study.

Complications of vertebral perforation and vertebroplasty
are shown in Table 2.

After a mean follow-up of 10 months, only 1 new fracture
was reported in 27 patients (3.7%) treated with vertebral per-
foration, while there were 10 new fractures in 10 of 42 patients
(23.8%) who underwent vertebroplasty. This difference was
statistically significant (P = .04). However, 39 patients refused
or could not undergo follow-up radiographs. Analysis of the
progression of vertebral body collapse during follow-up in the
perforation and PVP groups revealed no statistically signifi-
cant differences (perforation group, 6 cases [22.2%] versus
PVP group, 8 cases [19.0%, P = .38]). Perioperative cement
leakage outside the vertebral body was observed in 6 patients
(12.0%) in the PVP group. No patients in either group had

other complications such as pulmonary embolism, infection,
and pneumothorax.

Discussion

Fracture pain and increased intraosseous pressure have long
been regarded as being closely related, and numerous reports
have been published on this topic.'>** Arnoldi'>'® measured
intraosseous pressure of vertebral bodies in patients with new
VCFs and demonstrated that pressure is significantly higher in
fractured than in normal vertebral bodies. They also revealed
that pressures vary within different areas of the same fractured
vertebral body. Esses and Moro>® measured intraosseous pres-
sure of the lumbar vertebral bodies in healthy subjects and
found variations depending on posture and body position.
They suggested that pain during body movement due to acute
VCFs may be associated with variations among the increased
intraosseous pressures. In addition, Ogihara,*® a group of an-
esthesiologists, reported that according to data collected in
Japan, performing the vertebral perforation procedure on pa-
tients with painful lumbar compression fractures achieved
marked analgesic effects. They described the analgesic mech-
anism of the procedure as possibly being attributable to im-
proved intraosseous blood flow, equalization of intraosseous
pressure, decreased stimulation of pain nerve fibers, elimina-
tion of pain substances, relief of periosteal pain, and so forth. If
these reports are accurate, the vertebral perforation procedure
performed in our study is not simply a sham procedure simu-
lating vertebroplasty without using bone cement. This proce-
dure may, in fact, have effects on the intraosseous environ-
ment completely different from those of vertebroplasty.

In this study, we compared analgesic effects between the
vertebral perforation procedure and vertebroplasty in patients
with painful compression fractures. The effect was generally
superior in the PVP group compared with the perforation
group. However, as shown in Fig 2B, the analgesic effect of the
vertebral perforation procedure could be considered similar to
that of vertebroplasty in patients with the vertebral percentage
of compression 30% or less of the original height, and the
effect was maintained for 3 months. The fractured vertebral
bodies without progression of collapse were often in a rela-
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Fig 2. Correlation between pain relief for 3 months and vertebral percentage of compression. We compared pain relief between the perforation and PVP groups. A, Patients with marked
vertebral percentage of compression (>70%). B, Patients with slight vertebral percentage of compression (<30%).

Table 2: Comparison of complications between the perforation and PVP groups®

Complication Perforation Group PVP Group P Value
New fracture after surgery (%) 1/27 (3.7) 10/42 (23.8) 042

(median, 10.1 mo) (follow-up, 10.0 mo)

16/42 (38.1)
(median, 15.0 mo)

Progression of vertebral collapse after surgery (%) 6/27 (22.2) 8/50(16.0) .380
Pulmonary embolism 0 0
Infection 0 0
Pneumothorax 0 0

@ Statistical analysis was performed by the Fisher exact test.

tively early stage and less affected by instability due to pseudo-
arthrosis. In such cases, pain may be caused by increased in-
traosseous pressure as previously described. Thus, we believe
that the vertebral perforation procedure either suppresses the
increased intraosseous pressure or changes the intraosseous
blood flow in the early stage of fracture, thereby achieving the
analgesic effect. Moreover, given that the half-life of local an-
esthetics is approximately 3.5 hours, an analgesic effect man-
ifesting immediately after the procedure and then lasting 3
months cannot simply be explained by the action of
anesthetics.

However, the placebo effect can also never be denied be-
cause we explained the analgesic effect without the cement to a
patient beforehand. On the other hand, the analgesic effect of
the vertebral perforation procedure was clearly inferior to that
of vertebroplasty in patients with advanced vertebral collapse.
In many of these cases, a long time had passed since the onset
of fracture. The origin of VCF pain may be strongly associated
with vertebral instability due to pseudoarthrosis rather than
increased intraosseous pressure. Thus, vertebroplasty that re-
stabilizes a vertebral body with bone cement may be necessary
for patients with advanced vertebral compression.

As for vertebroplasty with bone cement, new postoperative
adjacent vertebral fracture, pulmonary embolism due to ex-
travertebral leakage of bone cement used during surgery, onset
of spinal cord compression symptoms, and so forth are re-
garded as important complications.”!" Most notably, the fre-
quency of new postoperative adjacent vertebral fractures re-
portedly ranges from 41% to 67%; thus, the nature of the
procedure itself is considered to possibly induce new frac-
tures.'*'* In this study, intraoperative extravertebral leakage
of bone cement was observed in 12% of patients in the PVP
group, and new postoperative fractures occurred in 20% of
these subjects during the mean follow-up period of 10 months.
The frequency of both events was as high as that described in
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past reports. On the other hand, the frequency of new postop-
erative fractures was only 3.7% for the vertebral perforation
procedure, markedly lower than that with vertebroplasty. In
addition, no intraoperative complications occurred in the per-
foration group.

Moreover, exacerbation of kyphotic deformity due to pro-
gression of postoperative vertebral collapse has been a concern
with the vertebral perforation procedure. Although the fre-
quency of exacerbation was 22%, slightly higher than the 19%
for vertebroplasty, the difference did not reach statistical sig-
nificance. Thus, the risk of this deformity does not seem to
increase substantially. Although it was seen in a few cases, the
risk does not appear be much different from that in the natural
course of VCF. Although we performed bilateral puncture in
every case for the vertebral perforation procedure, there have
been no reports evaluating the difference in analgesic effect
between 1-sided puncture and bilateral puncture. We consider
bilateral puncture to be necessary for the vertebral perforation
procedure because greater therapeutic effects can be achieved.
However, with sufficient experience using the C-arm or per-
forming conventional vertebroplasty, the frequency of com-
plications is not anticipated to increase with puncture alone.

As to the limitations of this study, although we compared
vertebroplasty with the vertebral perforation procedure in pa-
tients with VCFs resistant to conservative treatment, the sub-
jects were not randomly assigned to these 2 treatment groups.
However, because patients were consecutively assigned to un-
dergo 1 of these procedures, the treatment assignments were
not biased.

Although the comparison of patients with vertebral com-
pression of 30% or less of the original height revealed a signif-
icant difference in treatment outcomes, the number of such
patients was small in both groups (ie, 16 in the perforation
group and 15 in the PVP group). In general, vertebroplasty is
often indicated for patients in the chronic stage, and the pro-



portion of those with mild vertebral compression is relatively
small. Thus, we consider the number of patients who are good
candidates for the vertebral perforation procedure to be
limited.

In this study, we followed changes in VAS for 3 months.
This may be regarded as a short follow-up period. However,
because VAS scores would be affected by other factors includ-
ing new fractures at 3 months postoperatively or later, espe-
cially in the PVP group, the follow-up period was set at 3
months.

Conclusions

VCFs are minimally associated with instability in the early
stage, and pain may be caused by increased intraosseous pres-
sure. Thus, early-stage VCFs are different in pathology and
pain mechanism from those with severe vertebral collapse in
the chronic stage, which is often associated with instability.
The vertebral perforation procedure can prevent complica-
tions associated with bone cement and is as effective as verte-
broplasty for treating the pain of early-stage VCFs with mild
vertebral compression. If pain due to instability develops after
the procedure, bone cement can also be injected later. How-
ever, vertebroplasty with bone cement should be considered in
patients with severe vertebral compression associated with in-
stability in the chronic stage.
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