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developed principally for the detection of colon polyps.
and few studies have focused on the detection of ECCs,
including flat lesions, In recent years, detection of colon
cancers in their early stages, especially lesions of the flat
type, was considered to be important in Japan and
Western countries. Therefore, evaluation of a CAD pro-
tocol in terms of the clinical utility for the detecting early
lesions, particularly those of invasive cancer, would be
valuable.

The results of this study include 100% sensitivity of
CAD for protruding lesions and low sensitivity (69.2%)
for flat lesions. Previous investigations reported poor
performance of both CTC*™* and CAD*™ in detecting
flat lesions, and our study confirmed these results. The
conventional CAD programs were developed mainly for
detecting protruding polyps. The four lesions that were
not detected by CAD in this study were all flat, suggest-
ing the need for improved CAD diagnostic performance
for flat lesions. With conventional CAD, lesions are rec-
ognized on the basis of the sphericity of the object pro-
truding from the colonic lumen. In this study, we used
the sphericity setting that is effective in diagnosing colon
polyps with well-balanced sensitivity and low false-
positive rates.” The diagnostic performance for flat
lesions may be improved by modification of the pres-
ently used sphericity setting.

In this study, only one reader demonstrated increased
sensitivity when using CAD, whereas the other two
showed decreased sensitivity. However, the difference in
sensitivity was not significant. Previous studies reported
the effectiveness of CAD in detecting polyps, but our
study did not prove its effectiveness in detecting ECCs.
Moreover, in the ROC analysis, all three readers dem-
onstrated inferior diagnostic performance with CAD,
and there was a staustically significant difference.
Although the sensitivity of CAD for the detection of
ECCs (86.7%) was relatively high, an average of 4.0
ECCs were considered “nonactionable,” which indi-
cated that the lesion was identified correctly by CAD but
was not recognized correctly as a lesion by the reader.
Therefore, we believe that the clinical utility of CAD can
be increased by lamiliarizing the readers with the use of
CAD.

CAD had an average (alse-positive number of 17.1,
which might contribute to the inferior diagnostic perfor-
mance. Fenton et al." reported that CAD increased the
number of false-positive diagnoses on mammograms,
leading to increased recall and biopsy rates. Therefore,
reducing CAD false-positive rates would be required for
improving the diagnostic performance.

All three readers showed fair agreement in their CRs
for the detection of ECCs with and without CAD, indi-
cating a possible influence of the readers’ experience with

&

CTC image reading. Mang et al..”™ in a study on image
reading by two expert radiologists and two nonexperts,
reported that the sensitivity for detecting colon polyps
was increased with CAD, with the increase being signifi-
cant for the two nonexperts. In our study, reader A
showed beneficial effects from using CAD for seven seg-
ments with a lesion, suggesting the usefulness of CAD
for nonexperts. However, reader A also showed detri-
mental effects of CAD for 7 segments with a lesion and
for 20 segments without lesions. These results suggest
that nonexperts could receive some benefit from CAD,
but their insufficient experience in the reading of CTC
might affect their diagnostic performance.”™* As Halli-
gan et al.” mentioned, the improvement in diagnostic
accuracy by using CAD is insufficient to recommend
that CAD can substitute for adequate training for readers
who are relatively inexperienced.

Our study has potential limitations. Only a small
number of patients were included. Although the number
of samples for the ROC study was not so small (30 posi-
tive and 150 negative samples), each of the six colonic
segments, which were divided [rom one case, was con-
sidered to be clustered in terms of statistical issues. For
example, the reader’s attention for the detection of a
lesion might be diverted when he or she found lesions in
the same patient. Because ROC analysis assumed that
each sample was independent from others, it was con-
sidered to be a bias to use clustered data in the ROC
study.

There was a 1-week interval between the two readings
without and with CAD. Generally, the interval of 1 week
for two readings 1s relatively small if the first reading can
provide additional information to readers at the second
reading. However, in the observer performance study for
evaluating CAD, it was demonstrated that two indepen-
dent and sequential readings without and with CAD
were thought to be comparable in terms of the radiolo-
pists’ performance obtained by the ROC study.” Because
the first reading without CAD did not provide any addi-
tional information for the second reading, we believe
that the short length of the intervals between the two
readings caused no bias in this study.

We used conventional ROC analysis in this observer
study, rather than free-response ROC analyses,™ because
we wanted to the minimize the radiologists” tasks in the
observer study. In addition, ROC analysis can provide
reliable estimates of the statistical significance of differ-
ences between two conditions (i.e., without and with the
CAD output) when multiple readers were employed in a
study." However, it should be noted that this observer
study involved several limitations that were well under-
stood to be limitations of conventional ROC analysis.”
The scoring of true-positive responses on each image by
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radiologists did not take into account the location of
nodules when the ROC curves were estimated, so some
false-positive responses in actual ECC cases could
be counted as true-positive responses. Furthermore,
radiologists were allowed to indicate only one CR on
each segment, so additional false-positive responses and/
or true-positive responses might have been obtained if
radiologists were allowed to indicate two or more lesions
in one segment. Although almost all observer perfor-
mance studies that employ ROC analysis have been done
under these limitations, their results are generally con-
sidered useful.

Conclusion

The present CAD programs do not contribute to
improved diagnostic accuracy for the detection of ECCs
on CTC. The present CAD analysis algorithm demon-
strated an inferior performance in detecting flat-type
lesions compared to that for protruding lesions. Further
investigation is required to clarify the specific features of
flat lesions that would improve the performance of the
CAD algorithm. Moreover, the reader's experience in
diagnostic CTC reading would be considered in the
evaluation of the clinical utility of CAD for detecting
ECCs.
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Abstract The purpose of this study was to retrospectively
clarify the current status in Japan of TACE using Lipiodol
together with anticancer agents to treat hepatocellular
carcinoma (HCC). We retrospectively surveyed 4,659
(average annual total) procedures for HCC over the years
2002-2004 at 17 institutions included in the TACE Study
Group of Japan. The survey included six questions that
were rtelated mainly to TACE and Lipiodol for HCC
treatment. The most frequently applied among the 4,659
procedures at the 17 institutions were TACE (2,310; 50%)
and local ablation (1,395; 30%). Five of the institutions
applied 201-300 procedures and 4 applied 101-200, Lipi-
odol was used in “all procedures” and in “90% or more™ at
seven and nine institutions, respectively. Almost all insti-
wtions applied 4-6 (mean, 5) ml of Lipiodol during TACE
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10 treat tumors 5 cm in diameter, In conclusion, this survey
clarified that TACE using Lipiodol and anticancer agents is
a popular option for HCC treatment in Japan.

Keywords Hepatocellular carcinoma -
Transcatheter arterial chemoembolization - Lipiodol -
Survey results - Japan

Introduction

The rate of hepatocellular carcinoma (HCC) is increasing
and transcatheter arterial chemoembolization (TACE)
seems o be becoming more important as a treatment
strategy [1, 2]. Although much information about TACE
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for treating HCC has been published [1-36], we consider
that to understand the current status of TACE for HCC
would be valuable in Japan, where TACE has been applied
for more than 20 years [3-22]. We also consider that the
concomitant use of iodinated oil (Lipiodol; Lipiodol Ultra-
Fluide; Guerbet Co.) for more than 20 years [3-23] should
be reviewed [24-26, 32-36]. Although the efficacy of
Lipiodol for hepatic TACE has been generally recognized
for more than two decades, and segmental or subscgmental
TACE using Lipiodol is considered a more effective and
less invasive tool for treating localized HCC [9-17],
Lipiodol (distributed by Terumo Co. in Japan) has not yet
been approved for this application in Japan and other
countries. We thus believe that urgent effort is required to
obtain official permission from the Pharmaceuticals and
Medical Devices Agency (PMDA) of the Japanese Minis-
try of Health, Labour and Welfare to apply Lipiodol in this
manner, based on incontrovertible evidence of expansive
usage and value. Therefore, we organized the TACE Study
Group in Japan to retrospectively study the issue using a
questionnaire at 17 institutions where TACE is frequently
applied. We intended to gain fundamental data about
TACE and other treatment options for patients with HCC
that would reflect the actual use of Lipiodol in clinical
practice and its benefits, Our findings should facilitate
understanding of the current status of HCC therapy in
Japan and establish a foothold for regulatory approval of
Lipiodol not only in Japan, but also in other countries.

Materials and Methods

The TACE Study Group distributed questionnaires to 20
institutions throughout Japan and 17 (85%) of them
responded regarding 4,774 procedures for HCC including
2,264 TACE (average total per year) during the years 2002-
2004. We analyzed the replies to six questions (Q1-Q6)
regarding TACE and Lipiodol for the treatment of HCC.

@17 Annual approximate total of HCC procedures during
the years 2002-2004 at the institution.

When 100 procedures were displayed as one average
annual frequency unit for convenience in data compari-
sons, the replies were classified as number of procedures
per year per institution as follows: 1, <100; 2, 101-200; 3,
201-300; 4, 301—400; 5, 401-500 and 6, =50].

©2 Annual number of individual therapies selected for
HCC treatment.

a, Surgery; b, local ablation comprising PEIT (percu-
taneous ethanol injection therapy), PMCT (percutaneous
microwave coagulation therapy), RFA (radiofrequency
ablation); ¢, TACE; d, TACI (transcatheter arterial
chemoinfusion therapy); e, CAIC (continuous arterial
infusion chemotherapy); J, Cx (systemic chemotherapy); g,
RT (radiotherapy).

03 Rate of use of Lipiodol in TACE.

(@4 When Lipiodol was not used, reasons why, and
methods of TACE.

@5 Rate of use of Lipiodol in TACL

6 Volume of Lipiodol applied during TACE to treat
tumors 5 cm in diameter (clinical stage I),

a, 3~ ml; b, 4-5 ml; ¢, 5-6 mi; d, 6-7 mi; e, Other( )
mi.

Results

Replies (R1-R6) to the questions (Q1-Q6) were as follows.

R Four institutions each applied 101-200 and 201-300
procedures per year; three applied <100, one applied 401-
500 per year, two applied 301-400 per year, and one
applied 501 or more per year.

R2 Table | reports the annual total of HCC treatments
and annual numbers (rate) of the top four individual ther-
apies at 17 institutions. Of the treatments applied at the 17
institutions, the most frequem was TACE (2,264 of 4,774;
47%), followed by local ablation (1,443; 30%), TACI (898,
19%), and resection (341; 9%). The mean annual total of
procedures was 281 at 17 institutes. The mean rates of each
procedure at these institutions were as follows: TACE,
47%; ablation, 30%; and TACI, 19%.

The total average frequency of TACI in addition to
TACE, which treats cancer using a catheter inserted into
the hepatic artery, accounted for approximately 66% of the
total HCC treatments at 17 institutes,

R3 Regarding Lipiodol in TACE under the premise that
Lipiodol is used to prepare a miscible liquid of anticancer
drugs (usually Lipiodol emulsion is mixed with anticancer
and nonionic contrast agents), seven and nine institutions
replied that Lipiodol was used in “all procedures” and in
“80% or more,” respectively. One institution claimed to

Table 1 Annual total of HCC weatments and annual number (rate) of the wop four individual therapies at 17 institutions

Institute Total therapies/yr Resections/yr Ablations/yr TACE/NT TACUyr
Total 17 4,774 391 (8%) 1,443 (30%) 2,264 (47%) BOR (19%)
Mean of 17 281 23 (8%) 85 (30%) 133 (47%) 53 (19%)

Note: TACI, wranscatheter anerial chemoinfusion therapy
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use “B0% or more,” but the exact rate was 89%. When the
rate of Lipiodol use in TACE at all institutions was cal-
culated simply from all reported TACE over 3 years at 17
institutions, the ratio reached 6,328 of a 1ol of 6,740
TACE (94%) procedures.

R4 Except for the 7 institutions (41%) that used Lipiodol
in all TACE procedures, 5 of the 10 institutions that did not
use Lipiodol for some TACE procedures replied that
Lipiodol might impair hepatic function and 3 replied that
they were considering other options. One respondent
indicated that TACE did not include Lipiodol at their
institution because the therapeutic effect was sometimes
limited. Six institutions replied that only gelatin sponge
particles are used with anticancer drugs in TACE when
Lipiodol is not used.

R5 The rates of Lipiodol use in TACT varied. Although six
institutions (35%) used Lipiodol in more than 80% of TACIT
procedures and four institutions (24%) used it in 40-80%,
three institutions (18%) used it in only 20-40 procedures and
four institutions (24%) did not use Lipiodol in TACI at all.

R6 The volume of Lipiodol used in TACE to treat
tumors 5 cm in diameter in the absence of obviously dis-
rupted liver function (clinical stage I) was 5-6 ml (c) at
eight institutions (47%), 6~7 ml (d) at five (29%), 4-5 ml
(b) at three (18%), and 3-4 ml (a) at onc. The average
volume (dose) of Lipiodol applied during TACE for HCC
5 cm in diameter (clinical stage T) essentially reflected the
tumor volume as indicated by the diameter (cm) at many of
the institutions.

Figure | shows an example of a HCC measuring
38 x 45 mm with typical CT patterns that was treated by
subsegmental TACE for §5 using 4 ml (6 ml of Lipiodol
emulsion) of Lipiodol mixed with 30 mg of doxorubicin
(dissolved in 2 ml of nonionic contrast medium and saline)
followed by injection with gelatin sponge particles,

Discussion

The rate of HCC is increasing worldwide including in Japan
[1, 2]. As HCC frequently presents as multiple lesions,
invades surrounding tissues, and is usually accompanied by
liver dysfunction, indications for resection or local ablation
are restricted even now when earlier stages of HCC are
being increasingly diagnosed owing to advances in imaging
technology. In addition, multiple lesions frequently recur
not only after surgery but also after ablation therapy such as
radiofrequency ablation. Therefore, TACE is an important
option for HCC treatment and the procedure involves the
use of iodized oil (Lipiodol) all over the world.

The efficacy of TACE using Lipiodol for HCC has
remained controversial despite evaluations, long-term dis-
cussions, and various randomized trials. Whereas some

@ Springer

randomized control study findings have questioned the
utility of TACE [25-27], more rccent reports, also
including some randomized studies [24, 30-32], have
recognized the value of TACE using Lipiodol [5-23, 33—
36]. The most important factors in choosing TACE are to
obtain favorable therapeutic effects and to reduce adverse
side effects. Thus, the dose of Lipiodol mixed with anti-
cancer drugs should be individually adapted 1o the umor
size, number of tumors, and hepatic function of ecach
patient, However, the dose of Lipiodol in most randomized
control studies was uniform and not adapted to individual
needs [25, 26, 31, 33, 36). We believe that these studies
missed the effect of TACE because the doses of Lipiodol
and anticancer agents were not optimized, and furthermore,
TACE was not repeated before recurrence was diagnosed
by imaging, including CT, after the first TACE. However,
TACE using Lipiodol is gradually becoming recognized
worldwide and randomized control studics scem unneces-
sary since TACE already seems proven to confer a
significant benefit on HCC (2, 24, 30-32].

The present retrospective study clarifies the current
status of TACE including the use of Lipiodol for the
treatment of HCC at representative institutions that par-
ticipated in the TACE Study Group in Japan. The results
obtained from 17 nationwide institutions showed that
although the approximate annual total of HCC procedures
over the past 3 years differs at each facility, several hun-
dred HCC procedures per year are performed at the midsize
to large leading institutions and >200 treatments are per-
formed annually at more than half of all surveyed
institutions. Thus, TACE accounts for 50-60% of all HCC
procedures at institutions involved in the TACE Study
Group of Japan. Focal radiofrequency ablation therapy is
becoming widely prevalent in Japan for localized small
HCC lesions. However, TACE has also become a popular
strategy for such tumors owing to the use of microcatheters
and Lipiodol mixed with anticancer agents, as well as
gelatin sponge particles, which are popular for segmental
or subsegmental Lipiodol TACE. The excellent effects of
segmental or subsegmental Lipiodol TACE in terms of the
absence of damage to surrounding normal hepatic tissue
have alrcady been proven by histopathological and clinical
findings [9-14, 21]. Chemoembolization using Lipiodol
combined with percutancous radiofrequency thermal abla-
tion therapy is becoming another treatment option for
HCC, as a larger sphere of ablation can be induced [20].
Repeated TACE with Lipiodol for the recurrence with
various collateral pathways is also very useful and impor-
tant to positively impact the survival of patients with HCC
[22]. Therefore, the results of this survey and of most
published studies indicate that TACE is an indispensable
therapeutic tool that is frequently applied worldwide 1o
treat various types of HCC [2, 4-24, 28-36].
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Fig. 1 Hepatocellular
carcinoma 38 x 45 mm in
diameter showing typical CT
profiles and treated with
subsegmental TACE using
Lipiodol. Subsegmental TACE
was performed using 4 ml of
Lipiodol (6 ml of Lipiodol
emulsion) mixed with 30 mg of
doxorubicin in 2 ml of nonionic
contrast medium and saline,
followed by injection of gelatin
sponge particles. (A) CT shows
hypervascular HOC in S5

(B) Hepatic angiogram also
demonstrates hypervascular
HCC in §5. (C) Superselective
hepatic angiogram via the
anterior-inferior branch (AS)
shows hypervascular tumor in
S5. (D) Hepatic angiogram aficr
subsegmental TACE for §5
shows disappearance of wmor
vessels and visualization of
surrounding hepatic aneries
(E) CT 1 week after
subsegmental TACE: Lipiodol
is visualized in the embolized
S5 area, as well as in the wmor
(F) CT | year afier
subsegmental TACE shows
homogeneous tumaor

accumulation of Lipiodol
(G) Two y
subsegmental TACE, CT shows
dense accumulation of Lipiodol
and tumor shrinkage. This

rs after

wmor did not recur
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The efficacy of Lipiodol in TACE for HCC has been
recognized by several investigators worldwide [4-24, 28—
36], whereas only a few articles indicate contrary findings
[25-27]. Although the rate of TACE for HCC differs
slightly among institutions, this survey shows that >90% of
HCCs treated by TACE included Lipiodol. However,
although Lipiodol is generally used as a useful carrier of
anticancer agents in Japan and clsewhere, it is not legally
permitted for hepatic TACE in Japan. Legal permission (o
use Lipiodol must be based on clear evidence of expansive
usage and value. Therefore, we retrospectively surveyed 17
leading Japanese institutions to generate some fundamental
data about the use of hepatic TACE with Lipiodol for
treating HCC. Seven institutes used Lipiodol in all TACE
procedures, nine used Lipiodol in >90% of them, and one
used it in >80%, indicating that Lipiodol/TACE is widely
perceived as beneficial.

Under the premise that Lipiodol is used in miscible
solutions of anticancer drugs, seven and nine institutions
replied that Lipiodol was used in “all” and in “90% or
more™ of procedures, respectively. One institution replied
that Lipiodol was used in “80% or more™ of procedures,
but the actual frequency was almost 90%.

Although Lipiodol is used in about 40% of all TACE
procedures, it is not used at about 60% of institutions in
<10% of TACE procedures. This is due to potential
impairment of hepatic function among patients with poor
liver function or a huge HCC that would require a large
volume of Lipiodol. Therefore, TACE is occasionally
performed with a reduced amount of Lipiodol mixed with
anticancer agents, or a first TACE might use only gelatin
sponge particles without Lipiodol and anticancer agents for
HCC =10 c¢m in diameter, A second TACE might include a
small volume of Lipiodol mixed with anticancer agent after
the tumor has been reduced. When only gelatin sponge
particles are used in TACE, some institutions nevertheless
essentially agreed that TACE can include Lipiodol mixed
with an anticancer agent.,

This variable use of Lipiodol in TACI indicates that
HCC treatment policies differ among institutions. The total
frequency of transcatheter arterial therapy (total of TACE
and TACI continuous arterial infusion therapy), which
treats cancer using a catheter inserted into the hepatic
artery, accounted for 60% of the total HCC procedures.
The most frequently applied was TACE, followed by local
ablation and TACI. These methods accounted for approx-
imately 90% of all HCC therapies. The average volume of
Lipiodol used for TACE for HCCs 5 e¢m in diameter was
almost 5 ml, which reflected the tumor volume and was
verified in this survey. Our basic criteria regarding the dose
of Lipiodol used for TACE state that that average dose (ml)
is roughly equal to the tumor diameter (cm). This is
reflected in the umor volume shown in Fig. 1. We already

&) Springer

proposed criteria to select the dose of injected Lipiodol for
each patient based on tumor size [9-12, 14, 16]. These
criteria have generally been agreed on and are applied in
Japan. Therefore, we believe that the survey responscs
regarding the Lipiodol dose were quite uniform.

A recent article describing the mechanism of action of
chemoembaolization using Lipiodol in Japan helps to elu-
cidate and support the present study [37].

A prospective cohort study of transarterial chemoemb-
olization for unrescctable hepatocellular carcinoma in
8,510 paticnts has been reported [38]. However, the focus
of the contents of registration and the questionnaire of that
report is completely different from that in the present
study.
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Abstract

Purpose. The aim of this study was to clarify the useful-
ness of the isocenter puncture (ISOP) method.
Materials dnd methods. We investigated 73 vertebral
bodies that had undergone percutaneous vertebroplasty
(PVP) by the ISOP method, 118 vertebral bodies that
had undergone the puncture simulation method, and 33
vertebral bodies that had undergone the conventional
method, The items to be examined included the success
rate (SR) of the median puncture of the vertebral body
and the procedure time. The puncture accuracy and fluo-
roscopy time were also measured for the ISOP method.
Results. The SR was significantly higher and the proce-
dure time significantly shorter when using the ISOP
method rather than the conventional method. However,
no significant differences were observed between the
ISOP method and the puncture simulation method. The
errors between the puncture needle tip and the puncture
target point in the ISOP method were an average of 1.52,
2.08, and 1.87mm in each of the horizontal, ventrodor-
sal, and craniocaudal directions. The fluoroscopy time
when operating on one vertebral body was an average
of 5.8 min.

Conclusion. The ISOP method is considered to be a
useful approach while also reducing the puncture time
and the fluoroscopy time.
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Introduction

Percutaneous vertebroplasty (PVP), a rapidly acting
treatment for pain caused by a compressed fracture of
the vertebral body, is increasingly being used worldwide.
PVP is generally performed using a C-arm radiographic
system and puncturing the vertebral arch pedicle percu-
taneously under X-ray fluoroscopy. The puncture
approach includes both the unilateral and bilateral
transpedicular approaches. The unilateral transpedicular
approach is relatively difficult to perform as it requires
advancing the tip of a puncture needle to the midline of
the vertebral body. Therefore, some institutions use the
bilateral transpedicular approach. However, the unilat-
eral transpedicular approach may decrease the number
of punctures required during such surgery.'”

We have therefore developed an isocenter puncture
(ISOP) method®, which is a puncture support method
for the unilateral transpedicular approach. The ISOP
method allows pinpoint targeting and puncturing of
a target within the vertebral body under X-ray
fluoroscopy.

We herein describe the results of PVP using the ISOP
method and compare the findings with those achieved
with the puncture simulation method” using the punc-
ture angle measured by the preoperative CT examina-
tion and those by the conventional puncture method, as
a historical control, while also examining the usefulness
of the ISOP method.
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Materials and methods

This study was approved by the ethics committee at our
institution.

ISOP method concept and procedures

The isocenter of the C-arm radiographic system is the
center of the radiation field and the center of the C-arm
rotation. Therefore, regardless of how the C-arm rotates,
the isocenter always remains at the center of the radia-
tion field and the center of the monitor screen. The ISOP
method applies this principle, and therefore adjusting
the puncture target to the position of the isocenter
becomes essential with this method. For this purpose, we
created a black dot-like isocenter marker (ICM; Toshiba
Medical, Tokyo, Japan), which is constantly illuminated
at the center of the fluoroscopic monitor screen (Fig. 1).}
We set the anterior one-third median site of the vertebral
body as a target point.

The procedures of the ISOP method start with posi-
tioning the puncture target point at the isocenter. The
first step is a frontal view on the fluoroscopic monitor.

Fig. 2. Positioning. a In the
frontal view, the ICM is
aligned with the median of
the vertebral body. b In the
lateral view, the ICM is
aligned with the anterior
one-third median site of

the vertebral body. ¢ The
C-arm is moved in a three-
dimensional manner so the
ICM is aligned with the
center of the shadow of the
vertebral arch pedicle. d The
shadow of the puncture
needle becomes a dotted line
and is aligned with the ICM

The examining table is moved as necessary to align it
with the median of the vertebral body with the ICM
(Fig. 2a). Next, the lateral view is used with the C-arm
tilted 90° for guidance. The examining table is moved so
that the anterior one-third median site of the vertebral

Fig. 1. Isocenter marker (ICM)
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body is aligned with the ICM (Fig. 2b). After carrying
out these steps, the positioning of the isocenter marker
in regard to the patient’s position is completed. Con-
sequently, regardless of how the C-arm rotates, the
puncture target point is now aligned with the ICM at
all times.

Next, the direction of the puncture direction is
determined by rotating the C-arm in a three-dimensional
manner so the ICM overlaps the center of the pediculus
arcus vertebral image (Fig, 2¢). With this step, the punc-
ture direction is determined under fluoroscopy.

After confirming the cutaneous puncture site on the
skin and administering local anesthesia, the puncture is
performed while maintaining the puncture direction so
the puncture needle overlaps the ICM in a point-like
manner under fluoroscopy (Fig. 2d). When the needle
reaches a depth of 1-2cm in the vertebral arch pedicle,
and the assistance of the needle is thus no longer required,
the monitor is switched to the lateral fluoroscopic image,
and the puncture needle is moved forward until the
needle tip reaches the ICM (Fig. 3a). When moving the

Fig. 3. Verification.

a Lateral view: the puncture
needle tip overlaps the ICM.
b Frontal view: the puncture
needle tip overlaps the ICM

Table 1, Summary of patients

needle forward, a hammer is used as required. After the
puncture needle tip has reached the ICM in the lateral
image, the monitor is returned to the frontal fluoro-
scopic image to confirm that the puncture needle tip is
aligned with the ICM (Fig. 3b), thereby completing the
puncture by the ISOP method.

Materials

A total of 122 patients (224 vertebral bodies) underwent
fluoroscopic PVP. They were then divided into three
groups. Table 1 represents the characteristics of those
groups. The first (group A) comprised 41 patients (73
vertebral bodies) who had undergone PVP by the ISOP
method from January 2006 to March 2007. The second
group (group B) comprised 58 patients (118 vertebral
bodies) who had undergone PVP by the puncture simu-
lation method from September 2004 to January 2006.
The third group (group C) comprised 23 patients ‘(33
vertebral bodies) who had undergone PVP without using
the ICM from June 2002 to May 2004,

ISOP method Puncture simulation Conventional method
Characteristic (group A) (group B) (group C)
Cases (vertebrae) 41 (73) 58 (118) 23(33)
Male/female 8/33 11/47 914
Age (years), average/range 68.3/37-90 67.2/33-91 73.9/30-87

Location (case)

Underlying disease (cases/vertebrae)
Osteoporosis
Bone metastasis
Multiple myeloma

Th7 (1), Th8 (2), Th10 (3),
Thll (2), Th12 (12), LI
(18), L2 (14), L3 (10),
L4 (9), L5(2)

34/58
15

Th3 (1), Thé (3), Th7 (2), Th8 (6),

Th9 (8), Th10 (4), Thll (10},
Thi2 (14), L1 (12), L2 (16),
L3 (18), L4 (18), L5(6)

45/81
13/37

Th8 (2), Thil (1), Thi2 (4),
L1 (4), L2 (6), L3 (4),
L4 (5), L5(7)

11/15
117
171

46
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Methods

For all groups, we measured the success rate of the
median puncture of the vertebral body (SR)"? and the
time required to perform a needle puncture successfully,
The SR was evaluated by three radiologists during the
procedure. It was judged by macroscopic evaluation of
whether the needle tip reached the median of the verte-
bral body and by objective evaluation of whether the
bone cement was distributed beyond the median of the
vertebral body. These evaluations were done by using
examples from previous observations of Kim et al.' For
cases of failure, puncture was performed from the oppo-
site side or from the same side after removing the needle.
Fisher’s exact test was used to evaluate all groups.

The procedure time for needle puncture was defined
from the start of the positioning to puncture completion,
The procedure time for needle puncture did not include
the time needed to prepare the bone cement or the time
needed to inject the cement. For a comparison of the
puncture time, Mann-Whitney’s U-test was used.

In group A, the puncture error, fluoroscopy time,
and adverse events were further examined. Because the
puncture target point with the ISOP method is deter-
mined by the operator's visual estimation during the
procedure, it is not necessarily the anterior one-third
median site of the vertebral body. When the patient is
moved after the puncture direction is determined, a
slight misalignment is likely to occur between the punc-
ture target point and the ICM. Therefore, to evaluate
the puncture error in the ISOP method, we verified
where the puncture needle tip is located on the image
obtained before the cement injection and measured the
positional error between the puncture needle tip and
the ideal puncture target point. For the error between
the puncture needle tip and the ideal puncture target
point, we measured the lateral direction of the axis in
the [rontal view and the craniocaudal direction of the
axis in the lateral view.

For the fluoroscopy time during the procedure, the
time between the positioning and rotation digital angi-
ography immediately after the procedure was thus mea-
sured, The examination of adverse events was based on
their presence or absence during the procedure.

A single plane C-arm of Infinix celeve VC (Toshiba
Medical) was used for X-ray fluoroscopy. The puncture
needle, an osteo-site bone biopsy needle (13 gauge,
15¢m; Cook, Spencer, IN, USA) was used. For injecting
the cement preparation, Osteoject (Integra Neuro-
Science, Plainsboro, NJ, USA) was used. PMMA (poly-
methylmethacrylate) was the bone cement, which was
prepared by mixing 20 g of PMMA with 6 g of sterilized
barium sulfate.

73
Table 2. Success rate ratio
Group SR Non-SR Total
A 72 1 73
B 110 8 118
o 19 14 33
Total 201 23 224

SR, success rate

Results

Success rate of the median puncture of the
vertebral body

The success rate (SR) for median puncture of the
vertebral body was 98.6% (72/73) in group A, 93.2%
(110/118) in group B, and 58% (19/33) in group C
(Table 2). No significant differences were observed
between groups A and B (P = 0.15). When comparing
groups A and C, the SR was significantly higher in group
A (P < 0.05).

In cases where a median puncture could not be suc-
cessfully performed, either additional punctures were
attempted from the opposite side or the same puncture
was repeated. In all cases, satisfactory cement distri-
bution to the lateral regions crossing the median was
ultimately obtained.

Procedure time

The average procedure time for needle punélure for one
vertebral body was 9.3 + 3.8min in group A, 11.2
4.6min in group B, and 30.9 + 11.2min in group C.
No significant differences between groups A and B
were observed regarding the puncture time (P = 0.22);
however, the time was significantly shorter between
groups A and C (P < 0.01).

Positional relation between the ideal puncture target
point and the puncture needle tip—ISOP method

The average error in the horizontal direction was 1.52
1.3l mm (maximum 5.92mm), the average error in the
ventrodorsal direction was 2.08 £ 1.50mm (maximum
6.41mm), and the average error in the craniocaudal
direction was 1.87 + 1.43mm (maximum 5.81mm).
Figure 4 shows the positional relation between the ideal
puncture target point and the puncture needle tip to each
axis. As shown in Fig. 4b, we detected a tendency for the
puncture needle tip to go slightly deeper toward the
abdominal side of the vertebral body.
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Fluoroscopy time during the procedure—ISOP method

In group A, the average fluoroscopy times during the
procedure. were 5.8 + 0.9min for 23 cases of operating
on one vertebral body, 8.97 + 3.79min for 8 cases of
operating on two vertebral bodies, 9.33 £ 3.79min for
4 cases of operating on three vertebral bodies, and
11.8 + 2.83 min for 6 cases of operating on four vertebral
bodies.

Adverse events—ISOP method

Two patients in group A had a fever after the procedure,
Although the hospitalization period of these patients
was extended by approximately 1 week, the symptoms
were alleviated by antibiotic administration. No
technique-related complications were observed.

Discussion

There have been only a few reported evaluations of PVP
procedures, and most of them reported on cement dis-
tribution and leakage." Many institutions select PVP
using the bilateral transpedicular approach, thus expect-
ing an even cement distribution within the vertebral
body. Kim et al.' noted that if the unilateral transpedicu-
lar approach can achieve cement distribution across the
median there are no differences in treatment effects com-
pared to the bilateral transpedicular approach. In our
examination, it was confirmed that by using the ISOP
method the PVP success rate was 98.6%, and that even
with the unilateral vertebral transpedicular approach
bilateral cement distribution can be achieved if puncture
is successfully performed with a target point of the ante-
rior one-third median site of the vertebral body.

48

In group A, puncture had to be repeated in one case.
In this case, it was attributed to body movement after
positioning, whereby the ICM was misaligned from the
puncture target point during the puncture. In this case,
the ISOP method was applied again after removing the
puncture needle. Favorable treatment effects were then
obtained.

The puncture times were significantly shorter in group
A than in group C, suggesting that the ISOP method
contributes to a reduction of the puncture time in
comparison to the conventional method.

In our hospital, before introducing the ISOP method,
PVP had been implemented using the puncture simula-
tion method.” With both the ISOP method and the
puncture simulation method, there were no significant
differences in the SR or the puncture time. Based on the
above results, we speculate that no substantial differ-
ences exist between the ISOP method and the puncture
simulation method. However, the puncture simulation
method requires a preoperative CT examination and
measurement of the puncture angle. Considering the
labor hours and complexity, it is obvious that the ISOP
method is a simpler, more useful puncture method.

Puncture accuracy in the ISOP method was an average
of 2mm in each of the horizontal, ventrodorsal, and
craniocaudal directions. With this examination, except
for case in which a second puncture was required owing
to the patient’s body movement (group A), the puncture
needle tip reached the ICM in all cases, which is thus
regarded as high puncture accuracy.

Reports on the amount of exposure and fluoroscopy
time in the PVP are scarce.'”"? Komemushi et al. have
performed PVP by using the ITVR-CT system and
reported that the fluoroscopy time was 6.66 + 2.45min."
We used only a fluoroscopy device. The average fluoros-
copy time for one vertebral body was 5.8 £ 0.9min,
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which was short, on average. In addition, Mehdizade
et al. reported that the PVP fluoroscopy time under
fluoroscopy was 10-60min."” Compared to these reports,
PVP under fluoroscopy by means of the ISOP method
is believed to contribute to a significant reduction in the
fluoroscopy time.

Conclusion

Compared to the conventional method, the ISOP method
is thought to be a useful approach as it improves the
PVP completion rate by using the unilateral vertebral
arch pedicle approach; it also reduces the puncture time
and fluoroscopy time. Thus, we speculate that the ISOP
method is a more convenient technique than the punc-
ture simulation method.
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Background: Percutaneous vertebroplasty (PVP) improves back pain and corrects spinal
misalignment to some extent, and thus may improve respiratory function.

Purpose: To retrospectively investigate changes in respiratory function after PVP.
Material and Methods: 41 patients (mean age 72.0 years, range 59-86 years; 39 women,
two men) who had undergone PVP for vertebral compression fractures (37 thoracic
vertebral bodies [Th6-Th12] and 50 lumbar vertebral bodies [L1-L5]) caused by
osteoporosis visited our hospital for follow-up consultation between January and June
2005. At this follow-up consultation, respiratory function testing, including percent
forced vital capacity (FVC%) and percent forced expiratory volume in | s (FEV %), was
performed. We retrospectively compared these values with those taken before PVP using
a Wilcoxon signed-rank test.

Results: FVC% was 85.2430.3% before PVP and 91.5+16.8% at follow-up (mean
10 months after PVP), which represented a significant difference (P<0.003). No
significant difference in FEV,% was detected. Regarding the number of treatment
levels, that is, single vertebroplasty versus multiple vertebroplasty, no significant
difference in improvement of FVC% was confirmed (P =0.1). FVC% was abnormally
low (<79%) before PVP in 16 patients and improved to within normal range
postoperatively in six of these patients (38%).

Conclusion: PVP improves preoperatively decreased lung function, but this improvement
takes time.
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Verlebral compression fracture due to osteoporosis
causes not only back pain, but also spinal misalign-
ment, particularly kyphosis. Kyphosis of the thor-
acic spine in turn causes rib cage deformity. In this
manner, vertebral compression fracture reduces the
activities of daily living (ADL) (1), causes respira-
tory dysfunction due to rib cage deformity, and
increases the prevalence of lung diseases (2, 3).
Mortality rates in osteoporotic women who have
been clinically diagnosed with vertebral compres-
sion fracture are 15% higher than in those without
compression fracture (4). Furthermore, mortality
rates are 23-34% higher in osteoporotic women
with severe multiple compression fractures or ky-
phosis than in women without these conditions, and
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this is primarily related to compromised pulmonary
function as a result of thoracic and lumbar vertebral
fractures (2).

Percutaneous vertebroplasty (PVP) was first re-
ported in 1987 (5). Since then, PVP has been
performed to alleviate pain caused by various types
of vertebral compression fracture, and dramatic
effectiveness in this regard has led to frequent use
(6-9). PVP is also useful for back pain caused by
compression [ractures due lo osteoporosis and
has contributed greatly to improvements in ADL
(6, 10, 11).

Since PVP improves back pain and corrects
spinal misalignment to some extent, we hypothe-
sized that respiratory function might also be

DO 10, 1080/0284 1850802010758 © 2008 Informa UK Lid. (Informa Healthcare, Taylor & Francis AS)
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improved, reducing the incidence of respiratory
complications and increasing life expectancy. The
present study thus investigated the long-term ben-
efits of PVP with regard to respiratory function.

Material and Methods

Patients

The indication for PVP was back pain caused by
vertebral body compression fracture, with pain on
percussion of the vertebral spinous process. In cases
with multiple compression fractures in which per-
cussion pain of the spinous process was unclear,
physical examination was performed using fluoro-
scopy. Patients with back pain attributed to myelo-
pathy or radiculopathy resulting from stenosis of
the vertebral canal or narrowing of the interverteb-
ral foramen were excluded.

This study comprised 41 patients (mean age
72.0 years, range 59-86 years; 39 women, two
men) who had vertebral compression fractures
caused by osteoporosis and had undergone PVP
to treat 37 thoracic vertebral bodies (Th6-Th12)
and 50 |umbar vertebral bodies (L1-L5) before
respiratory function testing. PVP had been per-
formed to treat one vertebral body in 13 patients,
two vertebral bodies in 14 patients, three vertebral
bodies in 10 patients, and four vertebral bodies in
four patients (Table 1).

These 41 patients had undergone PVP at our
institution and wisited our hospital for follow-up
consultation between January and June 2005; one
patient who had undergone PVP at our hospital in
the past and visited the outpatient clinic due to a
new compression fracture during the study period
was excluded. At this follow-up consultation, re-
spiratory function testing was performed in all
41 patients. Mean duration between PVP and
respiratory function testing was 10 months (range
1-24 months). Preprocedural pulmonary function
was retrospectively reviewed. Our institution does
not require institutional review board approval for
retrospective reviews,

At our institution, respiratory function testing
was performed 1-3 days before PVP in all patients.
Values from respiratory function testing were not
included in the exclusion criteria. Furthermore,
patients who underwent PVP during this study
period (January to June 2005) underwent additional
respiratory function testing the day after PVP.

PVP procedure
All procedures were performed by either one of the
authors (N.T.), who had 7 years’ experience in PVP,
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or by a fellowship trainee under the supervision of
N.T. PVP was performed under combined com-
puted tomography (CT) and fluoroscopic guidance
(Advantex LCA + ACT: GE Medical Systems, Mil-
waukee, Wisc.,, USA). Thirty minutes preopera-
tively, 10 mg of morphine hydrochloride (Sankyo,
Tokyo, Japan), 0.5 mg of atropine sulfate (Tanabe,
Osaka, Japan), and 25 mg of hydroxyzine hydro-
chloride (Pfizer Japan, Tokyo, Japan) was adminis-
tered intramuscularly. Local anesthesia with 10 ml
of 1% lidocaine (AstraZeneca, Osaka, Japan) was
performed from the skin to the periosteum of the
pedicle using a 22G Cathelin needle (Terumo
Europe, Leuven, Belgium) under fluoroscopic gui-
dance. After orientation of the puncture needle was
confirmed on CT and aligned with the Cathelin
needle, a 13G bone biopsy needle (Osteo-Site Bone
Biopsy Needle Murphy M2; Cook, Bloomington,
Ind., USA) was advanced into the pedicle of the
vertebral arch. A unilateral transpedicular approach
was selected for all cases. CT was repeated, and
after confirming orientation of the biopsy needle,
the visualization modality was changed to lateral
fluoroscopy and the bone biopsy needle was ad-
vanced to the anterior third of the vertebral body
close to the midline.

Intraosseous venography was performed using
1-5 ml of iopamidol (lopamiron 300; Schering
Japan, Osaka, Japan) or 5-20 ml of carbon dioxide
to confirm that the needle was not positioned within
a direct venous anastomosis to the central or
epidural veins. Subsequently, 20 g of methyl metha-
crylate powder (Osteobond copolymer bone ce-
ment; Zimmer, Warsaw, Ind.,, USA) was mixed
with 5 g of barium sulfate powder (Horii Pharma-
ceutical, Osaka, Japan) that had been sterilized
with dry heat to increase opacity. Next, 10 ml of
liquid methyl methacrylate monomer was added
to the powder, and the mixture was blended to
a toothpaste-like consistency, producing polymethyl
methacrylate (PMMA). Using 1-ml syringes,
PMMA was injected under lateral fluoroscopic
guidance. PMMA injection was terminated when
adequate filling of the vertebral body was achieved
or if leakage occurred. If leakage occurred, the
needle was repositioned and additional PMMA was
injected to fill the remaining part of the vertebral
body. The needle was then removed, and all patients
were observed in a supine position for 2 hours.

Pulmonary function 1esting

Respiratory function was assessed using percent
forced vital capacity (FVC%), representing restric-
tive ventilatory disturbance, and percent forced
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Table 1. Measurements of pulmonary function.

FVC% FEV%

Patients I day At follow-up | day At follow-up
No.fsex/age (years) Level Pre-PVP (%)  after (%) (%) Pre-PVP (%)  after (%) (%)
FM LI, LZ, 1.3 948 90.7 80.7 78.6
2/FiN TI2, L4, L5 126.2 123 79.3 759
3/F[64 L1, L2 83.1 7.7 60.7 582
4/F/75 L1, L2, L3 109.1 93 859 88.5
5/F[15 TI2 100 932 77.8 76.6
6/F[76 T7 61.9 881 66.9 69.4
7/F[75 T8, T9 949 93 93.1 88.5
8/F(13 TI0, TH! 9.9 95.6 74.7 75.5
9/Fj65 LI 90.7 993 88 854
10/F[T7 Ti2 60.2 66.6 84.7 AN
11 /F(85 L2 7.8 107.6 8.4 79.7
12/F/73 T9, T10 874 95.6 80.4 75.5
13/F{62 Ti2, L1, L2 91.9 105.5 86.4 87
14/FM L1 758 88.4 B8.4 43.6 473 47.3
I5/FfT1 Li,12, 13 104.7 979 1041 80.6 825 8L7
16/F(13 T9, TI10, T1! 119.8 100.1 105.9 3.6 746 79.9
17/F/68 T9.TIO, TII, TI2 98.4 107.6 112.3 92.9 88.3 85.3
18/F/78 Té, T7, T8, T9 63.8 759 8.2 7.7 66 62.4
19/F (86 TI1,TI2 50.4 80.3 56.3 70.9 72 739
20/F/66 L2 61.3 63,1 80.5 76.7 772 778
21/Fm Ti2, L1, L3 104.7 106.4 80.3 923
22/F/66 Ti2, L1,12, L3 1124 1224 81.9 79.9
23/F{59 Ti2, L1 66.7 726 7.2 87.9
24/F(12 L3 79.5 103.3 838 79.7
25/F12 L1, L3, L4, LS 58.3 83 78.6 75.1
26/F[10 L4, LS 109.7 124.1 83.1 7.8
21/F 14 Til, TI2, L1 91.2 942 79.8 Bd.6
28/F/13 L1 849 72.5 85.5 98.6
29/M/76 L2, L3 55.2 59.7 83.7 85.5
30/F/78 L1, L4, LS 99.8 92.1 66.7 7.3
IMTT T2 1755 918 825 74.6
32/F[16 LI, L3 8.4 93.1 73.5 93.1
33M/61 L4 98.2 99.8 822 823
34/F[14 L4, LS 172 74 721 79
35/F/86 TH, Ti2 50.4 80.3 56.3 70.9 n 739
36/F/68 TiL, Ti2 84.7 849 94.1 85.6 B4.4 74.2
37/F /84 Ti2, L} 108.6 106.3 100.4 730 721 76.8
I8/F/65 TI 75.8 84.9 48.2 46.8
39/F/12 TILTI2, LY 94.5 69.7 88.7 676 62.1 76.2
40/F/64 LI 69.6 7.9 81.5 78.8
41/Fj64 L3, L4 110.5 105.9 107.9 722 76.3 8l

FVC%: percent forced vital capacity; FEV|%: percent forced expiratory volume in | s.

expiratory volume in |s (FEV,%), representing
obstructive ventilatory disturbance.

FVC and FEV, were measured using a spirom-
cter (System 9; Minato Ika, Osaka, Japan) with an
online computer. Spirometry was performed at least
three times for FEV, and FVC, which fulfilled the
criteria of the American Thoracic Society (12).

Statistical analysis

In all patients, severity of back pain was assessed
using a visual analog scale (VAS) of 0-10, with
0 representing no pain and 10 representing the worst
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pain imaginable, before PVP and at the time of
respiratory function testing.

Subjects were divided into single-vertebroplasty
and multiple-vertebroplasty groups. The single-
vertebroplasty group consisted of patients in
whom one vertebra was treated, while the multi-
ple-vertebroplasty group comprised patients who
received treatment for two or more veriebrae.
FVC% before and after PVP was compared be-
tween these two groups using the Wilcoxon signed-
rank test. The Mann-Whitney U test was used
to compare the degree of improvement in FVC%.
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In addition, to ascertain differences in the efficacy
of PVP, the degree of improvement in VAS ([VAS
score before PVP] - [VAS score at respiratory func-
tion testing]) was compared between groups using
the Mann-Whitney U test.

Furthermore, FVC% was divided into the fol-
lowing four grades: <60%, 60-79%, 80-99%, and
100%. Frequency distribution of FVC% was com-
pared before and after PVP.

Subjects were also divided into three groups
with respect to treatment level: thoracic group,
thoracolumbar group, and lumbar group. Cement
injection was performed only on thoracic vertebrae
in the thoracic group, on both thoracic and lumbar
vertebrae in the thoracolumbar group, and on
lumbar vertebrae in the lumbar group. Among
these groups, FVC% was compared before PVP
and at one time during the follow-up period using
the Wilcoxon signed-rank test. In addition, to
ascertain differences in the efficacy of PVP among
groups, the degree of improvement in VAS ([VAS
score before PVP] - [VAS score at respiratory func-
tion testing]) was compared among groups using the
Mann-Whitney U test.

Results

PVP was successfully performed in all cases. No
complications were encountered, and no new sha-
dows in the lung parenchyma, such as cement
emboli, were identified on postprocedural chest
radiography.

Mean VAS was 7.0+2.3 (n=41) before PVP,
1.9+2.4 (n=12) the day after PVP, and 1.5+ 1.4
(n=41) at the time of follow-up.

FVC% and FEV,% before, 1 day after, and at
a mean of 10 months after PVP are displayed in
Table 2. A significant difference in FVC% was
evident between before PVP and a mean of
10 months after PVP (P <0.003). However, no
significant difference was seen in FEV%.
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Single vertebroplasty vs. multiple vertebroplasty
Thirteen patients had single vertebroplasty and
28 multiple. Table 3 shows FVC% before PVP
and at follow-up for the single- and multiple-
vertebroplasty groups. In both groups, significant
differences in FVC% were identified (single-verteb-
roplasty group, P =0.02; multiple-vertebroplasty
group, P =0.05). However, degree of improvement
in FVC% following PVP was 10.5+12.6% for
the single group and 4.4+10.6% for the multiple
group, with no significant difference observed
between the groups (P =0.1). Moreover, the degree
of improvement in pain following PVP was 5.2+3.1
for the single group and 6.0+2.8 for the multiple
group. No significant difference was observed
between the groups (P =0.4).

Treatment at spinal level

Regarding spinal level, the thoracic group included
19, the thoracolumbar group eight, and the lumbar
group 14 patients. Mean FVC% before PVP and
10 months after PVP for the thoracic, thoracolum-
bar, and lumbar groups are shown in Table 4. Only
the thoracic group displayed a significant difference
(P=0.02).

Degree of improvement in pain following PVP
was 4.6+ 3.1 for the thoracic group, 6.1 +2.9 for the
thoracolumbar group, and 58429 for lumbar
group, with no significant difference apparent
among these groups.

Changes in frequency distribution of FVC%

Table 5 shows the frequency distribution of
FVC% before PVP and FVC% at follow-up
(mean follow-up, 10 months). FVC% was abnor-
mally low (=79%) before PVP in 16 patients and
normalized postoperatively in six of these patients
(38%).

Table 3. Relationship between changes in FVC% and the number
of treated vertebral bodies.

Before PVP At follow-up P value

Table 2, Changes in FVC% and FEV,% for all siudy pati

Parameters FVC% FEV,%

Before PYP (n=41) 85.2430.3* 77.0+£998
| day after PVP (n=12) 8R4 +15.1 7294109
At follow-up (n=41) 91.5+ 16.8* 1.6+104

Data are expressed as mean + standard deviation,
FVC%: percent forced vital capacity; FEV,%: percent expiratory

volume in | 5; PVP: p ver P
*Statistically significant difference (P<0.01).

Single-vertebroplasty

group 7194130 8854 12.8 0.02
Multiple-vertebroplasty
group 8864224 9224184 0.05

Data are expressed as mean FVC% +standard deviation (%).
FVC%: percent lorced vital capacity; FEV%: percent expiratory
volume in | 5; PYP: percutaneous vertebroplasty.

P value was obtained by Wilcoxon signed-rank lest between before
und during follow-up.
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Table 4. Relationship b hanges in FVC% and treatment Table 6. Changes in FVYC% lor patients with decreased lung
level. function.
Before PYP Al follow-up P value Parameters FVC%
Thoracic vertebrae Before PVP (n = 16) 65.7+11.3*%
group 8381193 90.8+157 0.02 | day after PVP (n =16) 71.61+9.3*
Thoracic and lumbar At lollow-up (n=16) 80.9+15.5%
vertebrae group 9954178 1011 +£16.9 0.48
Lumber vertebrae Data are expressed as mean value +standard deviation,
group 79+203 86.7+179 0.06 FVC%: percent forced vital capacity; PVP: percutaneous vertebro-

Data are expressed as mean FVYC% +standard deviation (%).
FVC%: percent forced vital capacity; FEV,%: p expiratory
volume in | 5; PVP: percutaneous vertebroplasty.

P value was obtained by Wilcoxon signed-rank test between before
and during follow-up.

Changes in FVC% for patients with decreased lung
Junction (FVC% <79)

FVC% for these 16 patients is shown in Table 6.
A significant difference in FVC% was observed
between before PVP and | day after PVP (P =
0.043), and between before PVP and 10 months
after PVP (P <0.001).

Discussion

In our study, 16 of the 41 patients displayed low
FVC%, or decreased lung function, before PVP.
In these 16 patients, improvement in ventilatory
disturbance was achieved immediately after PVP
and was maintained thereafter. Furthermore, in six
of the 16 patients (38%), FVC% normalized alter
PVP. In patients with compression fractures due to
osteoporosis, PVP effectively improves back pain
(6-9). Costal movements that are restricted before
PVP due to back pain subsequently improve after
PVP due to alleviation of pain. Furthermore, PVP
improves reduced vertebral body height due to
compression fracture (13, 14), thereby alleviating
local kyphosis (15).

For the entire subject group, FVC% was im-
proved only slightly immediately after PVP, but
improved to a greater degree at a mean follow-up of
10 months. This suggests that decreased lung
function improves even in patients who do not

Table 5. Frequency distribution of FVC%.

FVC% 0-59% 60-79% B0-99% 100% or more
Before PVP (n=41)  5(12) 11(27) 15(37) 10 (24)
Al follow-up (n =41) 2(5) 8(20) 19 (46) 12 (29)
Data are ber of pati Numbers in p h are percen-

tages.
FVC%: percent forced vital capacity, PYP: percutaneous vertebro-
plasty.
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plasty.
*Statistically significant difference (P =0.04).
#Statistically significant difference (P <0.01).

display defined decreased lung function preopera-
tively, but this improvement takes time. In other
words, PVP eliminates back pain immediately
after the procedure. Among patients who displayed
decreased lung function preoperatively, reduced
pain and greater costal movements directly im-
proved FVC%, and among those who did not
exhibit decreased lung function preoperatively,
PVP improved back pain and increased daily
exercise tolerance, allowing indirect improvements
to ventilatory capacity. That is, increased daily
exercise works as rehabilitation for thoracic cage
movement.

No significant differences in degree of pain
improvement were seen between the single- and
multiple-vertebroplasty groups, and FVC% signifi-
cantly improved for both groups. These results
might be explained by the fact that improvements
in decreased lung function primarily resulted from
improvemenls in pain.

The three spinal-level groups displayed no sig-
nificant differences in degree of pain improvement,
and FVC% significantly improved only for the
thoracic group. This might be explained by the
fact that, as described above, decreased lung func-
tion improves when rib cage volume, costal move-
ment, and pain improve, and the impact of these
changes was greater for the thoracic group.

Pain improved in all of our patients, so statistical
confirmation could not be achieved of whether pain
alleviation contributed to improvements in de-
creased lung function, However, pain, particularly
back pain, can easily be considered to restrict costal
movement. We are therefore certain that pain
alleviation represents one of the factors leading to
improvements in decreased lung function.

We used forced vital capacity instead of vial
capacity to evaluate restrictive ventilatory distur-
bance. We consider that back pain due to compres-
sion is one of the major factors contributing to
the induction of obstructive ventilatory disturbance.
However, full inspiration followed by forced



