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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
cach 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 Swdy
Group of Japan. The survey included six questions that
were related 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-
tions applied 4-6 (mean, 5) ml of Lipiodol during TACE
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to 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)
scems to 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 subsegmental
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 dawa 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.

(@1 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, =501.

2 Annual number of individual therapies selected for
HCC treatmentL.

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); f, Cx (systemic chemotherapy); g,
RT (radiotherapy).

(3 Rate of use of Lipiodol in TACE,

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

(5 Rate of use of Lipiodol in TACI.

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

a, 34 ml; b, 4-5 ml; ¢, 5-6 ml; d, 6-7 ml; e, Other ()
ml

Results

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

R1 Four institutions each applied 101-200 and 201-300
procedures per year; three applied <100, one applied 401-
500 per year, two applied 301400 per year, and one
applied 501 or more per year.

R2 Table 1 reports the annual total of HCC treatments
and annual numbers (rate) of the top four individual ther-
apics at 17 institutions. Of the treatments applied at the 17
institutions, the most frequent 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
“90% or more,” respectively. One institution claimed to

Table 1 Annual total of HCC treatments and annual number (rate) of the top four individual therapics at 17 institutions

Institute Total therapiesfyr Resections/yr Ablations/yr TACE/yr TACUyr
Total 17 4,174 391 (8%) 1,443 (30%) 2,264 (47%) 898 (19%)
Mean of 17 281 23 (8%) 85 (30%) 133 (47%) 53 (19%)
Nate: TACI, k arterial chemoinfusion therapy
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use “80% 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 total 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 instiutions replicd that only gelatin sponge
particles are used with anticancer drugs in TACE when
Lipiodol is not used.

RS5 The rates of Lipiodol use in TACI varied. Although six
institutions (35%) used Lipiodol in more than 80% of TACI
procedures and four institutions (24%) used it in 40-80%,
three institutions (1 8%) used it in only 2040 procedures and
four institutions (24%) did not use Lipiodol in TACT 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 34 ml (a) at one. The average
volume (dose) of Lipiodol applied during TACE for HCC
5 em in diameter (clinical stage I) essentially reflected the
tumor volume as indicated by the diameter (cm) at many of
the institutions.

Figure | shows an cxample of a HCC measuring
38 x 45 mm with typical CT patterns that was treated by
subsegmental TACE for 85 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 tissucs, and is usually accompanied by
liver dysfunction, indications for resection or local ablation
are rtestricted 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. Whercas some
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randomized control study findings have questioned the
utility of TACE [25-27], more recent reports, also
including some randomized swdies [24, 30-32], have
recognized the value of TACE using Lipiodol [5-23, 33—
36]. The most important factors in choosing TACE are 10
obtain favorable therapeutic effects and to reduce adverse
side effects. Thus, the dose of Lipiodol mixed with anti-
cancer drugs should be individually adapted to the tumor
size, number of tumors, and hepatic function of each
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 studies seem unneces-
sary since TACE already scems 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
reatment of HCC at representative institutions that par-
ticipated in the TACE Swudy Group in Japan, The resulis
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 S50-60% 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 subscgmental Lipiodol TACE. The excellent effects of
segmental or subsegmental Lipiodol TACE in terms of the
absence of damage to surrounding normal hepatic tissue
have already 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 uscful 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 to
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 HCC in S5.

(B) Hepatic angiogram also
demonstrates hypervascular
HCC in 55. (C) Supersclective
hepatic angiogram via the
anterior-inferior branch (AS5)
shows hypervascular tumor in
S5. (D) Hepatic angiogram after
subsegmental TACE for S5
shows disappearance of tumor
vessels and visualization of
surrounding hepatic aneries
(E) CT | week after
subsegmental TACE: Lipiodol
is visualized i the embolized
S5 arca, as well as in the umor.
(F) CT 1 year after
subsegmental TACE shows
homogeneous tumaor
accumulation of Lipiodol.

(G) Two years after
subsegmental TACE, CT shows
1 of Lipiodol

dense accumula
and wmor shrinkage. This

tumor 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 elsewhere, it is not legally
permitted for hepatic TACE in Japan, Legal permission to
use Lipiodol must be based on clear evidence of expansive
usage and value. Therefore, we retrospectively surveyed 17
lcading Japanese institutions to generate some fundamental
data about the use of hepatic TACE with Lipiodol for
wreating HCC. Seven institutes used Lipiodol in all TACE
procedures, nine used Lipiodol in >90% of them, and one
used it in >80%, indicating that LipiodoVTACE 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 cm 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 arc used in TACE, some institutions nevertheless
essentially agreed that TACE can include Lipiodol mixed
with an anticancer agent.

This vanable 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 ¢cm 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 tumor volume shown in Fig. 1. We already
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proposed crileria to select the dose of injected Lipiodol for
cach patient based on mmor size [9-12, 14, 16]. These
criteria have generally been agreed on and are applied in
Japan., Therefore, we believe that the survey responses
regarding the Lipiodol dose were quite uniform.

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

A prospective cohort study of transarterial chemoemb-
olization for unresectable hepatocellular carcinoma in
8,510 patients 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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Improvement in Respiratory Function by Percutaneous Vertebroplasty
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Tanigawa N, Kariya S, Kojima H, Komemushi A, Shomura Y, Tokuda T, Ueno Y,
Kuwata S, Fujita A, Terada J, Sawada S. Improvement in respiratory function by
percutaneous vertebroplasty. Acta Radiol 2008;49:638-643.

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 1 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 91.5416.8% 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.

Key words: Osteoporosis; percutancous vertebroplasty; respiratory function
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Vertebral compression [racture due (o 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

informa

healthcare

DOT 10.1080/02841850802010758 © 2008 Infe

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 fractures due to 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
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Abstract

Purpose. The aim of this study was to clarify the useful-
ness of the isocenter puncture (ISOP) method.
Materials and 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.

S. Sakaino (£9) - K. Takizawa - M. Yoshimatsu * Y. Ogawa *
K. Yagihashi - Y. Nakajima

Department of Radiology, St. Marianna University School of
Medicine, 2-16-1 Sugao, Miyamae, Kawasaki 216-8511, Japan
Tel, +81-44-977-8111; Fax +81-44-589-9797

e-mail: sakashin622@yahoo.cojp

This article was presented at a Japan Radiological Society meeting
in April 2007
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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 1SOP
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.



Radiat Med (2008) 26:70-75

71

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 1s
aligned with the anterior
one-third median site of
the vertebral body. ¢ The
C-arm is moved in a three-
dimensional manner so the
1CM 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 1s 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 | 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
verlebral 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) S8 (118) 23 (33)
Male/female 8/33 11447 9/14
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

ThS (1), Th6 (3), Th7 (2), The (6),

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

45/81
13/37

ThE (2), Th11 (1), Thi2 (4),
L1 (4), L2(6), L3 (4),
L4 (5), L5(7)

11715
117
11

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 frontal 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, NI, USA) was used. PMMA (poly-
methylmethacrylate) was the bone cement, which was
prepared by mixing 20g of PMMA with 6 g of sterilized
barium sulfate.
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Table 2. Success rate ratio

Group SR Non-SR Total
A 72 1 73
B 110 8 118
C 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 (£ = 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 puncture for one
vertebral body was 93 + 3.8min in group A, 11.2
4.6min in group B, and 309 £ 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 +
1.31 mm (maximum 5.92mm), the average error in the
ventrodorsal direction was 2.08 + 1.50mm (maximum
6.4l mm), and the average error in the craniocaudal
direction was 1.87 £ 1.43mm (maximum 5.8] mm).
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 1ISOP 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 IVR-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 10-60 min." 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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@® Abstract ®

I_E'l ercutaneous vertebroplasty (PVP) has been accepted as useful procedure for pain relief
in patients with compression fractures due to osteoporosis. However, the most of studies
have used visual analogue score for evaluation of the usefulness of PVP. However, the previous
reports suggested that osteoporotic compression fractures deteriorated patient’s quality of life
significantly. The purpose of our study was to assess the impact of PVP on the quality of life
prospectively in patients with osteoporotic compression fractures.

After written informed consent was obtained, the visual analogue scale, the short-form
(36-item) health survey(SF-36) scores, and Roland-Morris Disability Questionnaire (RDQ)
score were measured at the time before PVP, a week, 1 month, 3 months, and 6 months after
PVP. SF-36 measure mainly the systemic or non-specific QOL, and RDQ measures the disease
specific QOL. The changes in outcome measure were analyzed by using analysis of variance.
The score of SF-36 showed significant impairment of quality of life before PVP, but a significant
improvement after PVP in both physical and mental status. The RDQ score also showed
significant improvement up to 6 months after vertebroplasty.In conclusion, PVP contributes to
the improvement of quality of life as well as pain relief.
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Table 1 The 8 domains of SF-36
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Table 2 Roland-Morris Disability index

FRFMS : HRRET,

LTOEER, BFARVWEZICRBIZZLERBLALOTY, ZOFIC, 440 [SH] ORELCS
TREZLDIHIPBLIELA, REEHRALHN S, SHOSLLORBEFATHATREV. &
GrORBCHTRESERSCR (B K, BTRESEVEREICE [VWhA] COEDHTTEW.
$H, BROL®H(C

1 EBRo-H, K¥0BME, RiCus [FYRATAY 3
2 | BREMST3A0IC, fEHEHEEALS [EAREATAY |
3 | BROLY, AL (HEL (- {RIRTAY §
4 | BROLYH, AEALTVIROEEEZ(LTVEW Buw VLR
5 | EROLYD, FTYEE-THRELYS [F SR RTRY ]
6 | BROLYD, wobLUMCESTHREZ EHFBL By VWBE
;7 | BROLD, ErorEstue, RESX (BERITRCERIHT. | 4\ .z

B EBH-88) »SIABEFfREW
8 EBRoAD, ACHHALTHLILIMEIENHD (AN AT |
9 | BROLYH, BEMIOICVDBLUBMYI D23 (F{RNRTAY §
10 | B, EMMLIALATVEICLTVS By v
11 Emosn, BE@FAVOEETVAYLEVWEICLTVS By VLA
12 | EROE-D, HFLrSErENITEEFRTV vy LA
13 | BEAEVWDLEFERV (FANNATAY
14 | B0, IHEYH I BTN (YRR RTRY §
15 | BROLH, HEWRTH TN (EIRERTAY §
16 | BROED, BHTPA v X TER{EEERTS Ly LWLA
17 | EmROLYD, AVWERLIEPTVEICLTVS FIRERTAY ]
18 | BROLD, 5%V ERAGY WMAOLHCEREERATVIREL | 1
M) #BHRLTTFEW)
19 | BAOr®, BERIOEEIPICFEZ-TH5S (EARTE AR 3
20 | BniY, —BOXEE, E-TAIT Ly LA
21 | BROLS, ROAWETIEENEWELGVEICLTVS u i
22 | BROLD, W2HENACHLTOSWLWSLAYVENFIL-ZNTS Ly LR
23 | BROALD, VO2bENBoWEERELFS vy WA
|24 | BROLD, K¥OBM, ~y b (@HE) ORCVI L v
At IR SF36 DR % Table 312 T, &F A4 viZ201T

SF36DAITIIE2DEADF A4 v T LIZEIERE
HEfE 2L, RDQIZEmERD . ThEIZBLT,
Wikh& 55— 4% (PVPHIH#) TOne-Way Repeated-
Measures ANOVA (—7CBCE O £ERHIE T BT %
fFo 7. £7=post hocHZHEILELIZ, B2HEFEHO
Tukey ®HSDRE % V7=, ARAHIZS%TH 5,
Hiat/ty =P L LT, JMP (SAS Institute Japan) #
fER L 7.

B\R

BTN P osEMlIcH L TPVP AT LA, 0
35 BT QOLAME DN A 2 Zh T A LEERMS
fl, MBiz—EEEINT & bh - EMASH, &
PEHECERESEMIAS S B, PVPEOBRATMNIM, BE
HEH TR OFHEMS 4P TS 5. ZThEDIE
frlabkx, MEESREMEIITOME E o7,

FATEF O E (EIE) (2 70 FIeh, 1M 6 497
(70%), 1»FA#%617(87%), 3 »HAS51H(73%), 6»
A #5301 (76%) TH - 7=,

44 -(44)

—TCAR O AT EEIT L T8, SikilAE (PF)
Tp=00012, kOfMA (BP) Tp<0.001, #&H (VT)
Tp<0.001, LOME (MH) Tp=0.0018%RL,
BB @sh/, BREWREE (S (RP)iEp=
0.0897, {EMEREER (GH) i2p=0.0648, tHEEFHH
BE (SF) i2p=0.0667, H HMIEAE M#h) (RE) iXp=
00963 LA QOLDWBARE Aol
EHIZAMMI L i SWI# L LT Turkey @ HSD
B & HE1T L=, S{RH86E (PF) TI3 il & 18z T
REEZENAEGhE, o7/ (1231183 vs17.5£19.0,
A=52, 95% (FEXM [LLF Cll4.2-14.6) 2%, 1 #H (12.3
+183vs 22.3+16.51, A=9.7, 95%, CI 1.2186), 3 »
H(123+183vs 24.0+14.7, A=11.6,95%, CI 2.520.7),
6# A (123+183vs23.5+189, A=11.2, 95%, CI
23201) IcHELSSRELBo I, KOMA (BP) Tid
JHFRT & 1M T QOLEIc A ME MR A (25.0+
6.9vs30.0+8.1, A=5.0,95%, C[ 0.59.5), 1 » A #(25.0
+69vs 34.1+84, A=9.1, 95%, CI 4.913.3), 3»H
#%(250+69vs34.5+78, A=06, 95%, CI 4.913.3),



FREWRDC : AT,

Table 3 Summary of SF-36 item health survey mean scale scores at baseline (before intervention) and follow up
(1week, 1-, 3- and 6- months), and results from the repeated measures ANOVA with the post-hoc multiple
comparison.

PF RP BP SF GH vT RE MH

#1 W | 123+183 | 19.7+169 | 250+69 | 279+172 | 355+96 | 350+105 | 251+£169 | 3591127

1: 8@ | 175190 | 19.7+£139 | 300+81* | 274+146 | 367+122 | 39.1+96 | 239+158 | 41.0£108

1P |223+165" | 2254146 | 34.1+84" | 318+152 | 395+11.5 | 40.8+10.3" | 276+153 | 42.3+£10.1"

3»rR#E |240+147" | 238+130 | 346+7.7" | 33.7+124 40.1+9. [ 421+93" | 30.3+159 | 428+10.7"

61 A | 235+189° | 266+157 | 385+106" | 3381155 | 397+95 | 440+106° | 31.1+162 43.1%11.6°

repeated
n'sesares p=0.0012 | p=0.0897 | p<0.0001 | p=0.0667 | p=0.0648 | p<0.0001 | p=0.0963 | p=0.0018
ANOVA

T WS BUEBLABR * :p<005

w.——

50
O Pre PVP
3 1 week
B 1 month
B 3 months
B 6 months

Dimention Rated on SF-36 Scale

Fig.1 Mean SF-36
Bar graph shows changes in mean short-form (36-item) health survey (SF-36) scores from before intervention to
1-, 3- and 6- months follow-ups. Pre PVP = before percutaneous vertebroplasty. PF = Physical functioning, RP =
Role physical, BP = Bodily pain, GH = General health perceptions, VT = Vitality, SF = Social functioning, RE =
Role emotional, MH = Mental health.
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