670 Flexible surgical endoscope

approaches, especially in cases of malignant diseases.
Although surgery is well accepted as a standard procedure
in medicine there are still some problems left unsettled.

The technical difficulty of surgery is a common problem
particularly for trainees, but even for experienced surgeons
who have some technical limitations. Surgical procedures
are difficult for regions deep in the body because the visual
field for surgeons is limited, the number of surgical instru-
ments which can be introduced is limited and the movements
of these instruments are limited. One of the exemplary regions
of this problem is the pelvic cavity, which includes surgery of
rectal and prostate cancers.

Invasiveness is an inherent drawback to surgery, discoura-

ging patients to undergo surgical treatment even when it is
appropriate. It is true that surgery should be avoided when
there are other less invasive alternatives. ’

Surgical robots such as the da Vinci system and the Zeus
system are highly advanced medical instruments allowing for
fine movements when appropriately manipulated by surgical
experts. These systems are expected to solve some surgical
problems such as invasiveness and the difficulty (4-8). Thus
far, the systems have been able to solve some of the problems
associated with surgery.

As for the invasiveness of surgery, endoscopic surgeries such
as laparoscopy can be performed with robotic systems, utiliz-
ing smaller incisions than those of other standard open surgical
approaches. The precise movements of surgeons are facilitated
by robotic systems. However, laparoscopic procedures can be
performed even without the robotic systems with the same
amount of invasiveness.

Current robotic systems may also pose problems (4-8), such
as the limited number of surgeons who can manipulate the
system, which is usually one. Additional training for the spe-
cific manipulating methods of the systems is another problem,
as well as introduction costs. Consequently, it is currently not
clear what the benefits of these robotic systems are, especially
when assessed from the patient side. Moreover, problems
which even surgical experts suffer from have not been solved.

Flexible endoscopes have been developed to cope with the
problems of accessing regions through narrow tracts such as
the esophagus and the tracheobronchial tree. Even in these
regions flexible endoscopes can perform surgical procedures
similar to standard surgery. Therefore, endoscopes are natu-
rally considered functional even in other cavities such as the
abdomen and pelvic cavities.

It would be easier and more functional to perform an opera-
tion using several endoscopic instruments introduced through
the end of one endoscope, rather than conducting resection
using only one endoscopic instrument introduced into one endo-
scope, as done in standard endoscopic procedures. The simplest
model for this concept is the flexible endoscopic surgical sys-
tem we developed and examined within these trials.

We assumed that there would be several problems with the
flexible endoscopic surgical system when used clinically as it
is merely a conceptual model to confirm its feasibility of use.
However, despite those problems, the system was able to

. perform surgical resection. In addition, the problems encoun-

tered within the first experiment were inherent in all technical
procedures.

Of interest, these problems showed us that, when indicated
for resecting procedures, the flexible endoscopic surgical sys-
tem is easier to manipulate by surgeons and not by endo-
scopists despite its endoscopic appearances.

The images of the inner endoscopes were not satisfactory
because a CCD was not used in these endoscopes. Conse-
quently, resecting procedures were monitored by images
from the outer endoscope which contained the CCD. In this
situation, the operator had to control the inner endoscope via
observations on the monitor of the outer endoscope. This is
different from standard endoscopic procedures in which
images are observed on the monitor of the endoscope which
the operator is controlling.

In general, it is not easy for trainees to understand appro-
priate surgical procedures, i.e. where to cut and where to
stabilize. Verbal communication during operation is
important to facilitate appropriate assistance, which was not
adequately utilized in the first series. These issues are to be
learned through years of experience and cannot be achieved
instantly.

As mentioned above, the difference between the two experi-
ments may reveal that for these flexible endoscopes, surgical
experience is an important factor, when the system is indicated
for surgical procedures. The limitation of the inner endoscopes,
not having CCD may have emphasized this issue. Conse-
quently, the next system is to consist of two inner endoscopes
with a CCD for each. This would allow the operators to control
the inner endoscopes in such a manner as used for standard
gastrointestinal endoscopic procedures.

Furthermore, we think that there should be two styles of
design for future flexible endoscopic surgical systems; one
with increased surgical maneuverability designed particularly
for the techniques of surgeons, the other preserving flexible
endoscopic maneuverability for endoscopists. Although it has
not been decided yet which design is more appropriate for a
future surgical system, endoscopists may be able to become
accustomed to the flexible endoscopic surgical system with
surgical maneuverability when the system is popularized.

In addition to the merits mentioned above, flexible endo-
scopic materials can theoretically be made compatible with
X-ray systems such as fluoroscopes and computed tomography
(CT) systems, exemplified by such procedures as X-ray guided
bronchoscopy. In the future, the materials used for flexible
endoscopic constructions are expected to acquire compatibility
with the magnetic fields of magnetic resonance imaging
(MRI) systems.

As mentioned before, limitations in visualization pose
surgical problems even for experienced surgeons. This may
only partially be solved by the subjective ability of surgeons
to presume the identity of invisible objects using their
tactile sense and their intuition. Actually, the compatibility
with imaging systems was one of the important requirements
for the design of the flexible endoscopic surgical system,
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allowing visibility of anatomical information invisible to the
surgeon’s eyes.

In order to make one more step towards the future for less
invasive and more effective medical treatments, we believe
that future surgical systems should acquire the accessibility to
narrow regions located deep inside the body together with the
compatibility of imaging systems such as CT and MRI. Thus,
from the flexible nature and structural characteristics of a non-
jointed, smooth outer sheath, we selected the flexible endo-
scope as the conceptual basis of development for our system.
It is the combination of these and the aforementioned aspects
that allows for minimization in invasiveness, through the use of
pre-existing natural structures and tracts for lesion access to
deep regions, and with the presence of multiple interchange-

able inner-scopes, an increase in distal tip functionality at the "

surgical site. Although there are several factors still to discuss
and develop, the concept of the flexible endoscopic surgical
system is considered an appropriate development for a future
surgical robotic system with this current system being a suc-
cessful step towards that furture.
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Background. Positron-emission tomography (PET) with
1°F-fluorodeoxy-glucose (FDG) frequently gives false-nega-
tive results for well-differentiated adenocarcinomas of the
lung, especially, those with ground-glass opacity images.
Recently, PET with C-acetate (AC) has been reported to
detect slow-growing tumors that have failed to be identified
by FDG-PET, such as well-differentiated hepatocellular
carcinomas and prostate cancers. To determine the useful-
ness of AC-PET in detecting well-differentiated adenocar-
cinomas of the lung we performed both AC-PET and
FDG-PET on pulmonary nodules with ground-glass opac-
ity images on computed tomography (CT).

Methods. Fifty-four pulmonary nodules 1 to 3 cm in
size, which showed ground-glass opacity images over
their whole or peripheral area on CT, were examined by
both AC-PET and FDG-PET.

Results. Thirty-seven nodules were adenocarcinoma of

) ecent advances in positron emission tomography
(PET) with ®F-fluorodeoxy-glucose (FDG) have
contn'buted significantly to the ability to differentiate
between behign and malignant pulmonary nodules.
However, FDG-PET sometimes gives false-negative re-
sults, particularly for low-grade malignant tumors, such
as bronchioloalveolar carcinoma and carcinoid, owing to
their low glucose metabolism [1-4]. We previously re-
ported that while FDG-PET did not produce false-
negative results for squamous cell, large cell, or small cell
carcinomas, 60% of well-differentiated adenocarcinomas
1 to 3 cm in size failed to be identified by FDG-PET [2].
Therefore, other PET tracers should be used for imaging
suspected well-differentiated adenocarcinoma of the
lung.
Radio-labeled acetate has long been used for the mea-

Accepted for publication June 3, 2005.

Address correspondence to Dr Nomori, Department of Thoracic Surgery,
Graduate School of Medical and Pharmaceutical Sciences, Kumamoto
University, 1-1-1 Honjo, Kumamoto 860-8556, Japan; e-mail address:
hnomori@qk9.so-net.ne.jp.

© 2005 by The Society of Thoracic Surgeons
Published by Elsevier Inc

the lung, while 17 were inflammatory. Of the 37 adeno-
carcinomas, 19 (51%) were positively identified by AC-
PET and 14 (38%) by FDG-PET. Of the 23 adenocarcino-
mas which were not identified by FDG-PET, 8 (35%) were
positively identified by. AC-PET; all were well-differen-
tiated adenocarcinomas. Of the 17 inflammatory nodules,
8 were chronic and 9 were acute ones. While none of the
8 chronic inflammatory nodules were identified by either
technique, 9 acute ones showed a variety of the results
with AC- and FDG-PET.

Conclusions. AC-PET detected approximately one third
of well-differentiated adenocarcinomas of the lung which
were not identified by FDG-PET. AC-PET could be useful
to diagnose pulmonary nodules with ground-glass opacity
images which were not identified by FDG-PET.

(Ann Thorac Surg 2005;80:2020-5)
© 2005 by The Society of Thoracic Surgeons

suring lipid and cholesterol synthesis in biochemistry [5, 6.
Clinically, *C-acetate (AC) has been widely used as a PET
tracer for evaluating myocardial oxidative metabolism [7, §].
Recently, AC has also been reported to be a useful PET
tracer in detecting slow-growing tumors which have failed
to be identified by FDG-PET, such as well-differentiated
hepatocellular carcinomas and prostate cancers [9, 10}.
Higashi and colleagues {11] have also reported a patient
with bronchioloalveolar carcinoma that was positively iden-
tified by AC-PET but not by FDG-PET. In the present study,
to evaluate the effectiveness of AC-PET in detecting well-
differentiated adenocarcinomas of the lung, we performed
both AC-PET and FDG-PET on 54 small pulmonary nod-
ules suspected of being adenocarcinomas based on com-
puted tomography (CT) findings.

Material and Methods

Patients and Tumor Tissues

The pulmonary nodules of 1 to 3 cm in size, which were
suspected of being well-differentiated adenocarcinoma of

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.06.003
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Table 1. FDG-PET and Acetate-PET Findings in
Adenocarcinomas and Inflammatory Nodules

Procedures Adenocarcinoma Inflammation Total
FDG-PET
Positive 14 5 19
Negative 23 12 35
Acetate-PET
Positive 19 5 24
Negative 18 12 30
Total 37 17 54

FDG = fluorodeoxyglucose;  PET = positron emission tomography.

the lung owing to the presence of ground-glass opacity
images over their whole or peripheral area on CT [12-15],
were performed of both FDG-PET and AC-PET to eval-
uate the usefulness of AC-PET. The study was approved
by the Ethical Committee of Saiseikai Central Hospital in
December 2003. The reason why we excluded the nod-
ules less than 1 cm was that the spatial resolution of the
current generation of PET scanners is 0.7 to 0.8 cm,
making it difficult to image pulmonary nodules of less
than 1 cm [2]. Between January 2004 and April 2005, 54
pulmonary nodules with ground-glass opacity images in
50 patients were enrolled. Three patients have a few
nodules, which were located in the different lobes of each
other in each patient. During the same period, 85 pulmo-
nary nodules up to 3 cm with solid images in 82 patients
were examined only by FDG-PET. Of the 54 nodules, 37
were adenocarcinoma of the lung and 17 were inflamma-
tory. The diagnosis was confirmed histologically after
surgical resection in all 37 of the adenocarcinomas, 8 of
the nodules with chronic inflammation, 2 with active
tuberculosis, and 1 with active nonspecific inflammation.
The remaining 6 nodules were clinically diagnosed as
acute inflammatory nodules because of natural reduction
on follow-up CT. The lung adenocarcinomas were clas-
sified as well-, moderately, and poorly differentiated. The
percentage area showing ground-glass opacity on CT was
graded as more than 90%, 30% to 90%, or less than 30%.

Positron Emission Tomography Scanning

Positron emission tomography scanning was performed
at Nishidai Clinic, Tokyo, Japan. Patients were instructed
to fast for at least 4 hours before PET scanning. After a
written informed consent had been obtained, AC- and
FDG-PET were performed on the same day within 2
weeks of CT scanning. The AC-PET was performed
before FDG-PET. The dose of **C-AC administered was
125 pCilkg (4.6 MBq/kg). The PET imaging was per-
formed approximately 10 minutes after the administra-
tion of *C-AC using a PosiCam.HZL mPower scanner
(Positron, Houston, Texas).

The *8F-FDG was administered approximately 30 min-
utes after AC-PET imaging was completed, ensuring that
a gap of at least 120 minutes was left between the
administration of *C-AC and that of ®F-FDG, namely,
more than 6 decay half-lives of **C (20 minutes). The dose
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of ®F-FDG was 125 pCi/kg (4.6 MBq/kg) for nondiabetic
patients and 150 pCi/kg (5.6 MBq/kg) for diabetic pa-
tients, as reported previously [2-4]. The FDG-PET imag-
ing was performed approximately 45 minutes after the
administration of FDG.

No attenuation-corrected emission scans were initially
obtained in two-dimensional, high-sensitivity mode for 4
minutes per bed position, and taken from the vertical
skull through to the mid thighs. Immediately thereafter,
a two-bed-position, attenuation-corrected examination
was performed, with 6 minutes for the emission se-
quence and 6 minutes for the transmission sequence at
each bed position. The images were reconstructed by the
emission scans and the preinjection transmission scans
in a 128 X 128 matrix by using ordered subset expectation
maximization corresponding to a pixel size of 4 X 4 mm,
with section spacing of 2.56 mm.

Positron Emission Tomography Data Analysis

Images were reviewed by two observers (N.K. and K.U.)
who were unaware of the patients’ clinical details. A
consensus was reached if there was any difference of
opinion. PET images were evaluated by visual assess-
ment, namely, lesions showing similar or greater AC or
FDG uptake than the mediastinal blood pool were diag-
nosed as positive for tumor. The AC and FDG uptakes of
the positive nodules were measured on the basis of the
contrast ratio, as reported previously [2-4]. Briefly, re-
gions of interest were chosen in the nodules and con-
tralateral lung. The highest standard uptake value in the
tumor regions of interest (T) and the contralateral normal
lung regions of interest (N) were then measured and the
contrast ratio was calculated as (T — NY/(T + N) in each
nodule as an index of AC and FDG uptake.

Evaluation by Receiver Operating Characteristics
Curve

Usefulness of detecting well-differentiated adenocarci-
noma by FDG- and AC-PET was evaluated by receiver
operating characteristics (ROC) curves. The contrast ratio
values of 27 well-differentiated adenocarcinomas and 27
other lesions (10 moderately or poorly differentiated
adenocarcinomas and 17 inflammatory nodules) of FDG-
PET and AC-PET were compared on ROC curve by using
SPSS software (SPSS, Chicago, Illinois).

Statistical Analysis
Positive PET findings with malignancy and benign nod-
ules were defined as true positive (TP) and false positive

Table 2. Summary of Results of FDG-PET and Acetate-PET

Variables FDG-PET Acetate-PET
Sensitivity 038 0.51
Specificity 0.71 0.71
Positive predictive value 0.74 0.79
Negative predictive value 0.34 0.40
Accuracy 0.48 0.57

FDG = fluorodeoxyglucose;  PET = positron emission tomography.
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Table 3. Correlation Between Histologic Grade of
Differentiation of Adenocarcinomas and PET Findings

Histologic
Differentiation
PET Imaging Findings WD MDD PD Total
Acetate positive, FDG positive 5 5 1 11
Acetate positive, FDG 8 0 0 8
negative
Acetate negative, FDG 0 3 0 3
positive
Acetate negative, FDG 14 1 0 15
negative
Total 27 9 1 37
FDG = fluorod MD = moderately differentiated; PD =

poorly differentiated; = PET = positron emission tomography; WD
= well differentiated.

(FP), respectively. Negative PET findings with malig-
nancy and benign nodules defined as false negative (FN)
and true negative (TN), respectively. The diagnostic val-
ues of PET scanning were assessed by calculating sensi-
tivity and specificity. Sensitivity was calculated as TP/TP
+ FN, specificity as TN/TN + FP, positive predictive
value as TP/TP + FP, negative predictive value as TN/FN
+ TN, and accuracy as TP + TN/total. All data were
analyzed for significance by using the two-tailed Student
t test. Values of p less than 0.05 were accepted as
significance. All values in the text and tables are given as
mean * SD.

Results

Table 1 shows the PET findings of adenocarcinomas and
inflammatory nodules. Mean sizes were 2.1 * 0.7 cm for
the 37 adenocarcinomas and 1.7 = 0.8 cm for the 17
inflammatory nodules; this difference was not significant.
Of the 37 adenocarcinomas, 19 were positively identified
by AC-PET and 14 by FDG-PET. The sensitivity, speci-
ficity, positive predictive value, negative predictive value,
and accuracy were not significant different between the
FDG-PET and AC-PET (Table 2). Eleven adenocarcino-
mas were positively identified by both AC- and FDG-

Table 4. FDG-PET and Acetate-PET Findings in
Inflammatory Nodules

Chronic Acute

PET Imaging Findings Inflammation Inflammation Total

Acetate positive, FDG 0 3 3
positive

Acetate positive, FDG 0 2 2
negative

Acetate negative, FDG 0 2 2
positive

Acetate negative, FDG 8 2 10
negative

Total 8 9 17

FDG = fluorodeoxyglucose;  PET = positron emission tomography.

Ann Thorac Surg
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Fig 1. (A) Compuited tomography findings of well-differentiated ade-
nocarcinoma with ground-glass opacity findings. (B) Acetate-
positron emission tomography showed positive at the tumor
(encircled).

PET, 8 were positively identified by AC-PET but not by
FDG-PET, 3 were positively identified by FDG-PET but
not by AC-PET, and the remaining 15 failed to be
identified by either technique (Table 3). Of the 17 inflam-
matory nodules, 3 were positively identified by both
AC-PET and FDG-PET, 2 were positively identified by

~ AC-PET but not by FDG-PET, 2 were positively identified

by FDG-PET but not by AC-PET, and the remaining 10
were negative by either technique (Table 4).
Table 3 also shows the correlation between the histo-

"logic grade of differentiation and the PET findings in the

37 adenocarcinomas. The histologic grades were well
differentiated in 27 adenocarcinomas, moderately differ-
entiated in 9, and poorly. differentiated in 1. Of the 23
adenocarcinomas which failed to be identified by FDG-
PET, 8 (36%) were positively identified by AC-PET, all of
which were well-differentiated ones (Fig 1), whereas
none of moderately or poorly differentiated adenocarci-
nomas were positive with AC-PET and negative with
FDG-PET. Well-differentiated adenocarcinomas were
more frequently positive with AC-PET and negative with
FDG-PET than moderately or poorly differentiated ade-
nocarcinomas (p = 0.051). Of the 15 adenocarcinomas
which failed to be identified by either technique, 14 (93%)
were well-differentiated ones and the remaining 1 (7%)
was moderately differentiated. Well-differentiated ade-
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Table 5. Correlation Between Percent of GGO Area and
Histologic Grade of Differentiation of Adenocarcinomas

Histologic
Differentiation
Percent of GGO Area WD MD PD Total
=90% 19* 1 0 20
30%-90% 5 0 0 5
<30% 3 8 1 12
Total 27 9 1 37

® Well-differentiated adenocarcinoma showed more than 90% of GGO
area more frequently than moderately or poorly differentiated (p < 0.01).

GGO = ground-glass opacity MD = mbdexately differentiated;
PD = poorly differentiated; WD = well-differentiated.

nocarcinomas were more frequently negative with both
AC-PET and FDG-PET than moderately or poorly differ-
entiated adenocarcinomas (p = 0.03).

Both AC and FDG uptake of these adenocarcinomas
were usually weak by visual assessment. In the 19 ade-
nocarcinomas detected by AC-PET, the mean values of
contrast ratio and standard uptake value were 0.3 = 0.1
(range, 0.25 to 0.42) and 2.3 *+ 0.7 (range, 1.1 to 3.4),
respectively. In the 13 adenocarcinomas detected by
FDG-PET, the mean values of contrast ratio and standard
uptake value was 0.4 * 0.2 (range, 0.25 to 0.8) and 3.2 =
1.8 (range, 1.0 to 7.4), respectively.

Table 4 shows the FDG- and AC-PET findings in the 17
inflammatory nodules. While none of the 8 nodules with
chronic inflammation were detected by either AC- or
FDG-PET, 9 nodules with acute inflammation showed a
variety of the resulits.

Table 5 shows the correlation between the percentage
area of ground-glass opacity and the histologic grade of
differentiation in the 37 adenocarcinomas. Ground-glass
opacity was apparent over more than 90% of the tumor
area in 20 adenocarcinomas, 30% to 90% in 5, and less
than 30% in the remaining 12. Well-differentiated adeno-
carcinomas showed more than 90% of ground-glass
opacity area more frequently than moderately or poorly
differentiated ones (p < 0.01).

Figure 2 shows the ROC curves of FDG- and AC-PET
for ‘detecting 27 well-differentiated adenocarcinoma in
the 54 nodules with ground-glass opacity images. The
ROC curve of AC-PET was superior to that of FDG-PET.
The areas under the curve were 0.573 in AC-PET and
0.318 in FDG-PET. The 95% confidential limits showed
little overlap between the AC-PET (range, 0.414 to 0.733)
and FDG-PET (range, 0.174 to 0.461), .

The tumor size did not show any correlation not only
with contrast ratio values and standard uptake value of
FDG-PET (r = 0.31 and r = 0.38, respectively) but also
with contrast ratio values and standard uptake value of
AC-PET (r = 0.1 and r = 0.08, respectively).

Comment

While a criterion for diagnosing pulmonary malignancy
with FDG-PET has frequently used the standard uptake
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value with a cut-off value of 2.5 [16], it has been reported
that several factors can affect the standard uptake value,
such as the body size [17], blood glucose concentration
[18], time after injection [19], and lesion size [20]. Actu-
ally, the mean standard uptake value of malignant pul-
monary nodules has been reported to be various, ranging
from 5.5 to 10.1 [21-24). We previously compared the
results of standard uptake value, contrast ratio with
contralateral lung, and contrast ratio with cerebellum for
diagnosing pulmonary nodules with faintly positive FDG
uptake by visual estimation, and reported the cut-off
value of 0.4 by the contrast ratio with contralateral lung to
show the highest sensitivity, while the standard uptake
value of 2.5 showing the sensitivity of 0 [25]. We therefore
used the contrast ratio with contralateral lung in the
present study. Both AC and FDG uptake in the present
adenocarcinomas were usually weak. The mean contrast

" ratio values of AC and FDG uptake of the positive

adenocarcinomas in the present study were 0.3 = 0.1 and
0.4 £ 0.2, respectively, both of which were near the cut-off
value for diagnosing lung cancers. It could be due to that
most of adenocarcinomas in the present study were
well-differentiated ones, which were known to show
weak or negative PET imaging frequently [1-4].
Well-differentiated adenocarcinomas of the lung have
been reported to show a high false-negative identifica-
tion rate on FDG-PET because of their low glucose
metabolism and low tumor cell density [1-4]. These
observations were confirmed by the present study in
which 22 of the 27 well-differentiated adenocarcinomas
(81%) failed to be detected by FDG-PET (as shown in
Table 3). While *C-AC has been reported to be a useful
PET tracer for slow-growing tumors, such as well-
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Fig 2. The receiver operating characteristic curve of **C-acetate
positron emission tomography (AC-PET; solid line) and **F-fluoro-
deoxy-glucose PET (FDG-PET; dotted line) for detecting 27 well-
differentiated adenocarcinoma in the 54 nodules with ground-glass
opacity images. The areas under the curve were 0.573 in AC-PET
and 0.318 in FDG-PET. The 95% confidence limits were from 0.414
t0 0.733 in AC-PET and from 0.174 to 0.461 in FDG-PET.
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differentiated hepatocellular carcinomas and prostate
cancers [9, 10], the present study showed that there was
no significant difference in sensitivity between AC-PET
and FDG-PET with respect to adenocarcinomas of the
lung. However, of the 23 adenocarcinomas not identified
by FDG-PET, 8 (35%) were positively identified by AC-
PET; all of these were well-differentiated adenocarcino-
mas. Therefore, AC-PET was able to detect approxi-
mately one third of well-differentiated adenocarcinomas
that were not detected by FDG-PET.

Ho and Yeung [9] reported that while well-
differentiated hepatocellular carcinomas had a high AC
uptake and a low FDG uptake, poorly differentiated ones
had a low AC uptake and a high FDG uptake. Thus,
hepatocellular carcinomas could be detected with 100%
sensitivity by using both AC-PET and FDG-PET [9]. In

contrast, Oyama and colleagues [10] reported that all 22 .

of their patients’ prostate cancers were positively identi-
fied by AC-PET. However, the present study showed that
15 of the 37 lung adenocarcinomas (41%) could not be
detected by either AC- or FDG-PET, and 14 of these 15
(93%) were well-differentiated adenocarcinomas. There
are several reasons why well-differentiated adenocarci-
nomas of the lung may frequently go undetected by both
AC-PET and FDG-PET. Firstly, well-differentiated lung
adenocarcinomas may accumulate AC and FDG to only a
limited extent due to lower metabolism of these sub-
stances compared with hepatocellular carcinomas and
prostate cancers. Secondly, because well-differentiated
adenocarcinomas frequently show ground-glass opacity
images over a large area (as shown in Table 5), the
density of the tumor cells is low compared with moder-
ately or poorly differentiated ones, and that could be
false-negative results of PET imaging, regardless of the
degree of tracer uptake by the tumor cells. Thirdly,
because all the adenocarcinomas in the present study
were less than 3 cm in size, their AC or FDG uptake may
have been below the limit of detection compared with
larger ones.

The tracer *C-acetate has been widely used as a PET
tracer for the evaluation of myocardial oxidative mecha-
nism [7, 8]. The mechanism underlying AC uptake in
tumor cells, although as yet unknown, is thought to be
different from that involved in myocardial uptake. In an
in vitro study using several cancer cell lines, Yoshimoto
and colleagues [25] suggested that AC is preferentially
metabolized to membrane lipids in tumor cells and that
AC uptake by tumor cells reflects their growth activity as
measured by enhanced membrane synthesis. On the
other hand, Ho and Yeung [9] reported that the AC
uptake of hepatocellular carcinomas showed negative
correlation with their malignant potential. In the present
study, while some of the well-differentiated adenocarci-
nomas were positively identified by AC-PET but not by
FDG-PET, some of the well-, moderately, and poorly
differentiated adenocarcinomas were positively identi-
fied by both technique. Based on our present data, we
hypothesize the following: (1) Whereas FDG may be
accumulated by aggressive lung cancer cells [26, 27], AC
might be accumulated by slow-growing ones, as in the
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case with hepatocellular carcinomas and prostate cancers
[9, 10]. (2) Whereas most lung cancers can accumulate
both AC and FDG because of containing tumor cells
having different growth activity, some well-differentiated
adenocarcinomas, which only contain less aggressive
tumor cells, may be able to accumulate only AC.

Both chronic and acute inflammatory pulmonary nod-
ules are well known to show ground-glass opacity images
on occasions. In the present study, while all of the chronic
inflammatory nodules were negative by both AC-PET
and FDG-PET, the acute ones showed a variety of the
results. That could be because the acute inflammatory
nodules have a variety of percentages of inflammatory
cells having different grades of metabolic activity, such as
leukocytes, lymphocytes, and macrophages, according to
the phase of inflammation.

Positron emission tomography with AC could be useful
for some of pulmonary nodules with ground-glass opac-
ity images that could not be identified by FDG-PET. In
the present study, most of the nodules studied were
well-differentiated adenocarcinomas because the nod-
ules were selected on the basis of the presence of ground-
glass opacity images. Therefore, AC-PET needs to be
studied in other histologic types of lung cancer to clarify
its usefulness in detecting lung cancers in general.

This work was supported in part by a Grant-in-Aid from the
Ministry of Health, Labor and Welfare of Japan.
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Introduction

Radiographic diagnosis of gastric carcinoma [1] was first introduced in the 1960s
in Japan, which led the world in the early diagnosis of gastric carcinoma by double-
contrast method using film-screen systems (FSS) [2,3]. Qualitative diagnostics, includ-
ing diagnosis of the depth of tumor invasion, were explored thoroughly in the 1970s,
and it could be claimed that the radiographic diagnosis of gastric carcinoma was
completely established by the beginning of the 1980s [4]. Gastric radiography has now
become a standard examination modality in the screening and preoperative staging
of gastric carcinoma and is widely used across the globe. The mortality rate from
gastric carcinoma is especially high in Japan, and gastric radiography has made a sub-
stantial contribution to the detection of gastric carcinoma in mass screening. With
recent advances in endoscopic techniques, the primary role in the diagnosis of gastric
carcinoma, including its early diagnosis, has been inherited by endoscopy, but it is
also a fact that radiography is still widely used in clinical diagnosis in screening and
preoperative staging [5]. The demand for computerization of medical information
grew in the 1980s, and against a background of advances in image engineering, the
digitalization of medical images has proceeded apace [6,7). In gastric radiography,
too, digitalization via digital radiography (DR) using high-resolution charge-coupled
device (CCD) cameras (CCD-DR) has been established and disseminated rapidly, and
we also have reported its usefulness in the diagnosis of gastric carcinoma [8]. Mean-
while, a recent major development in the field of radiology has been the emergence
of multidetector row computed tomography (CT) (MDCT) [9]. With the advent of
MDCT in the second half of the 1990s, CT has achieved increased efficiencies and
improved image quality in a revolutionary scanning modality [10]. In the preopera-
tive staging of gastric carcinoma, it is now possible to accurately evaluate local inva-
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sion and small metastases, and three-dimensional (3D) MDCT imaging (MDCT gas-
trography) has arrived on the scene as a new diagnostic tool for primary lesions.

In this chapter, we describe the present status of radiologic diagnosis of gastric car-
cinoma using CCD-DR at our center, report our experience of MDCT gastrography in
the preoperative staging of gastric carcinoma, and discuss the future prospects for
radiographic diagnosis of gastric carcinoma using these new diagnostic techniques.

Advanced Digital Rad:ographlc Systems for
Gastric Diagnosis

In our hospital, images yielded by radiography of the gastrointestinal tract became
completely digitalized with the adoption of CCD-DR (DR-2000H; Hitachi Medical,
Tokyo, Japan) in 1999. At present, hard copies of diagnostic images are prepared for
interpretation, but monitor-based diagnosis is yet to become a reality. Our radi-
ographic investigations of the gastrointestinal tract use three CCD-DR systems: one
C-arm type, one over-tube type, and one under-tube type. Each CCD-DR is connected
by a DR network to two laser printers and an image server, and in parallel with the
scanning procedure, reference images are forwarded to the hospital information
system via a gateway after DICOM (digital imaging and communication in medicine)
conversion at the same time as the diagnostic images are processed. After DICOM

DR LAN

[cospooo=] HUB

DICOM
converter

“| Print-manager

IP-DIR R/F table

F16.1. Advanced digital radiography system for gastric diagnosis. Three charge-coupled device-
digital radiography (CCD-DR) units are routinely used for gastric examinations in our hospi-
tal. Each unit connects with a DR network, and the images can be diagnosed on an image
workstation
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conversion, the images are accessible for monitor diagnosis at an image workstation
with three viewers (Fig. 1).

The Status of CCD-DR-Based Radiographic Examination of
Gastric Carcinoma

At our center, we use 250-300ml barium at a 130-140w/v% concentration in gastric
radiographic studies. The scanning methods employed are the filling method, double-
contrast radiography, and the compression method, but the core diagnostic technique
in radiographic diagnosis of gastric carcinoma is double-contrast imaging obtained
with barium (positive contrast medium) and gas (negative contrast medium). After
barium is swallowed, the patient is given 5g of a foaming agent, and by distending the
stomach via the CO, gas so produced, we are able to easily obtain double-contrast
images. The barium contained in the gas-distended stomach moves with changes in
posture,and double-contrast images of excellent quality are obtained by ensuring that
the barium adheres uniformly to the mucosal surfaces. Unlike the filling and com-
pression methods, double-contrast imaging is indispensable for the visualization of
early gastric carcinoma, which is characterized by few irregularities of the mucosal
surfaces (Fig. 2). With gastric radiography based on the double-contrast method, we
can easily identify the macroscopic types of gastric carcinomas, their exact extensions
and locations in the stomach (Figs. 3-6). However, viewing double-contrast images
obtained with contrast provided by gas and barium requires a broad dynamic range.
The dynamic range for CCD-DR images adequately covers the image quality required
for gastric radiography, and the image quality matches that in conventional FSS. Addi-
tionally, CCD-DR digital images also enable the optimization of image quality via
image processing after scanning and, compared with FSS, are relatively well matched
image by image and allow standardized diagnostic images to be obtained.

Compatrative Evaluation of FSS and CCD-DR in the Diagnosis of
Gastric Carcinoma

We conducted a prospective study to evaluate the difference in diagnostic accuracy
between FSS and CCD-DR, and reported in a publication of Radiology [8]. From
January to February 1997, we randomly assigned patients scheduled for gastric radi-
ography to either FSS or CCD-DR; 112 patients were examined by FSS and 113 by
CCD-DR. Six radiologists who were blinded to the clinical details assessed the films
for each patient with a six-level confidence rating for the presence or absence of
gastric carcinoma. The CCD-DR images in this study were prepared as hard copies
for diagnosis. The diagnoses for each patient were rated against those produced by
three other radiologists who conducted the actual radiographic examinations and
were aware of all clinical data, such as endoscopic findings and the pathology of biopsy
specimens. The sensitivity and specificity of FSS and CCD-DR for gastric carcinoma
were determined from the assessments obtained, the difference between the two
modalities was statistically analyzed, and a comparison was performed by receiver-
operating characteristic (ROC) analysis. The study yielded a diagnosis of gastric
carcinoma by FSS in 24 patients and by CCD-DR in 27 patients; the sensitivity for
diagnosing the presence of gastric carcinoma was 64.6% and 75.3%, respectively
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Fi1G. 7. Receiver operating characteristic (ROC) curves obtained from six observers. All
observers achieved more accurate results with CCD-DR than with conventional radiography.
Diagnostic accuracy of CCD-DR is clearly superior to that of conventional radiography. (Used
with permission from Radiological Society of North America)

(P = 0.278), and the specificity was 84.5% and 90.5%, respectively (P = 0.011). The
ROC analysis [11] also showed that the diagnostic performance of CCD-DR was

clearly superior (Fig. 7).

Usefulness of Radiography of Gastric Carcinoma by CCD-DR

The diagnostic performance of CCD-DR for gastric carcinoma is adequately compa-
rable to that of FSS, indicating that the digitalization of images in gastric radiography
is entirely feasible. The future adoption of diagnosis by monitor display will make pos-
sible the real-time display and optimization of diagnostic images and enable greater
ease of image storage and retrieval. Capitalizing on these advantages of digitalization
promises to yield an efficient and effective diagnostic environment for screening and
preoperative staging, as compared with the conventional FSS modality.

Preoperative Evaluation of Gastric Carcinoma
Using MDCT

To date, the role of radiographic CT studies in the preoperative staging of gastric car-
cinoma has primarily involved evaluating invasion of surrounding organs or metas-
tasis to lymph nodes or other organs, and it was rare for it to be used for evaluation
of the primary tumor itself [12,13]. However, the advent of MDCT has made possible
the arrival of full-scale volume scans, facilitating high-speed, detailed image acquisi-
tion over an extensive area. The degree of resolution of CT images has improved
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dramatically with MDCT, enabling the detailed evaluation of local lesions and the
detection of small metastases, even in ordinary axial images [14]. Moreover, worksta-
tions that are capable of processing the massive quantities of image data produced by
MDCT have been developed, and the three-dimensional CT visualization of gastric
lesions, which is called MDCT gastrography, has become straightforward. This trend
is fairly flourishing in the diagnosis of colorectal cancer as MDCT colonography,
which is considered to have a great potential of being a modality for colorectal cancer
screening [15-17].

Three-Dimensional Visualization of the Stomach by
MDCT Gastrography

To visualize gastric lesions in three dimensions using MDCT, it is necessary to distend
the gastric lumen with a foaming agent (CO, gas). As a consequence of the contrast
between the gas and the inner gastric surface, owing to the substantial difference in
density, it is possible to effortlessly prepare 3D images of the inner gastric surface.
MDCT gastrography employs two methods for visualization, virtual endoscopic views
and 3D gas insufflation views, obtained by 3D processing of the CT image data

(Fig. 8).

Evaluation of the Detectability of Gastric Carcinoma by
MDCT Gastrography

In the 3-month period between March and June 2003, we evaluated 4-row MDCT
(Aquilion; Toshiba Medical Systems, Tokyo, Japan) in 84 gastric carcinoma patients
who underwent MDCT for preoperative staging. Each scan was performed with the
standard abdominal scan parameter settings for preoperative staging using automatic
exposure control [18]. We prepared virtual endoscopic and 3D gas insufflation views
from the image data obtained for each patient by MDCT volume scans, and two radi-
ologists prepared responses on the basis of all clinical data for each patient, includ-
ing gastroscopic findings, and the detectability of gastric carcinoma was evaluated by
consensus for each display method. Eighty-six gastric carcinoma lesions (44 early and
42 advanced lesions) were diagnosed in the 84 patients. The detectability by virtual
endoscopic and 3D gas insufflation views by MDCT gastrography was 47.7% and
40.9%, respectively, for early lesions (Table 1), and 59.5% and 76.2% for advanced
lesions (Table 2). Hence, the detectability was less than 50% for early lesions, but about
60%-70% for advanced lesions of gastric carcinoma [19]. Especially in early lesions,
all protruded-type lesions could be recognized, while less than half of depressed-type
lesions, which is a common type of early gastric carcinoma, were missed (Figs. 9,10).

TaBLE 1. Detectability for 44 early gastric carcinomas by multidetector row computed
tomography (MDCT) gastrography

Protruded Flat elevated Depressed
type type type Total
Virtual endoscopic 100% (2/2) 50.0% (1/2) 45.0% (18/40) 47.7% (21/44)

views
Three-dimensional gas 100% (2/2) 50.0% (1/2) 37.5% (15/40) 40.9% (18/44)
insufflation views
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TaBLE 2. Detectability for 42 advanced gastric cancers by MDCT gastrography

Borrman Borrman Borrman Borrman
1 type 11 type 111 type IV type Total

Virtual endoscopic 0% (0/1) 84.6% (11/13) 68.8% (11/16) 25.0% (3/12)  59.5% (25/42)
view

Three-dimensional 0% (0/1) 76.9% (10/13) 68.8% (11/16) 91.7% (11/12) 76.2% (32/42)
gas insufflation
view

MDCT gastrography is presently inadequate for the detection of gastric carcinoma
and its potential for clinical application is low.

Potential for MDCT Gastrography in Preoperative Staging for
Gastric Carcinoma

MDCT gastrography is simpler and less invasive than endoscopy and radiography,
and permits evaluation of the stomach overall in an examination of short duration.
Detection of early lesions is challenging, and although it therefore has low potential
as a screening method, it is capable of detecting lesions that are advanced to a certain
extent, and also of simultaneously detecting lesions in other organs of the abdomen.
In preoperative staging, as for radiography, it is capable of objectively ascertaining the
position and overall picture of the primary lesion, and of diagnosing the relations
between the degree of extramural invasion and surrounding organs. With the axial
images of MDCT, representing a quantum leap in resolution compared with normal
CT, it was possible to also diagnose correctly lymph node metastasis. Because MDCT
itself is an examination method required for the preoperative diagnosis of local spread
or remote metastasis of gastric carcinoma, it is highly likely at present that it can par-
tially replace the role of radiography or ultrasound endoscopy. As well, because the
image data of MDCT is digitalized density information, it is possible to selectively
visualize 3D information in a manner that is effective for diagnosis, and has a great
potential of being a modality for computer-aided diagnosis [20]. By digitally com-
bining the 3D view of the primary lesion and the 3D image data of diagnosed lymph
node metastasis, it will be possible to provide surgeons with effective preoperative 3D
views of gastric carcinoma (Fig. 11).

Conclusions

As a result of future advancements in image engineering and computer technology,
digital radiographic systems and MDCT systems will continue to evolve, and it can
be predicted that new diagnostic methods that utilize the advantages of digitalization
in the radiological diagnosis of gastric carcinoma will also be developed. MDCT gas-
trography has little potential at presentas a diagnostic method for the primary lesions
of gastric carcinoma. However, with further advances in MDCT, higher-speed exam-
inations, improved image quality, and optimization of exposure dose, it appears
certain that MDCT gastrography will gradually replace radiography, endoscopy, and
ultrasound endoscopy.
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Color Plates

FiG. 3. A 65-year-old woman. A depressed
type of advanced cancer with converging folds
is clearly demonstrated by CCD-DR at the
anterior wall of the middle gastric body (a).
Gross specimen shows a relatively deep car-
cinomatous erosion of 5.5 X 4.5cm. The
converging folds partially make some protu-
berance at the margin of the lesion (b)

228

FIG. 2. A 55-year-old man. A flat lesion is
visualized at the lesser curvature side of the
lower gastric body (a, arrows). CCD-DR
clearly delineates the irregular surface of the
lesion (b). Gross specimen shows a flat type
of early gastric cancer, 2.5 X 1.5¢cm in size (c)
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FiG.4. A 70-year-old man. CCD-DR visualizes two gastric cancers at the posterior of the lower
gastric body to the antrum (a). Gross specimen demonstrates a protruded advanced cancer with
central ulceration measuring 4.0 cm and a protruded type of early cancer measuring 2.0cm (b)

F16.5. A 55-year-old man. CCD-DR demonstrates a depressed type of gastric cancer at the pos-
terior wall of the antrum (a). Gross specimen shows a depressed type of advanced cancer 5.0 X

4.5cm in size (b)




Fi1G. 6. A 71-year-old man. An advanced cancer is demonstrated by CCD-DR just below
the cardia (a). Gross specimen shows an ulcerative type of advanced gastric cancer 6.0cm in
diameter (b)

F16.8. Two imaging modes of multidetector row computed tomography (MDCT) gastrography.
a A representative virtual endoscopic view, resembling gastroscopic images. b A representative
3D gas insufflation view, resembling radiographic images
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F1G. 9. A 63-year-old man. Conventional endoscopy demonstrates a protruded type of early
gastric cancer 2 cm in size at the greater curvature side of the upper gastric body (a). The lesion
is clearly visualized by virtual endoscopic view (b)

F16. 10. A 33-year-old man. A small depressed type of early gastric cancer measuring 1.5 cm is
identified at the posterior side of the gastric angle by gastric radiography and gastroscopy
(arrows in 8, b). The lesion can barely be recognized by virtual endoscopic and 3D views of

MDCT gastrography (arrows in ¢, d)
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F1G. 11. Three-dimensional
imaging of a gastric cancer
and lymph node metastases.
The 3D view of the primary
lesion (arrow) and the 3D
image data of diagnosed
lymph node metastases can
be combined digitally to
produce effective 3D views of
gastric carcinoma in the pre-
operative staging
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