
Abstract. Background: The aim of the present report was to
present preliminary results of the pre-operative evaluation of
three-dimensional tumor structure and volumetry using three-
dimensional computed tomography (3-D CT) and three-
dimensional endoscopic ultrasonography (3-D EUS).
Materials and Methods: Diagnostic imaging was performed for
2 patients (one with gastric cancer, one with a rectal tumor)
using virtual endoscopy, 3-D CT for the patient with gastric
cancer and 3-D EUS for the patient with the rectal tumor, for
the pre-operative evaluation of tumor structure and volumetry.
Computer-generated image analysis of resected tumors was
also performed. Results: The gastric tumor was successfully
visualized using 3-D CT and the rectal tumor was successfully
visualized using 3-D EUS. The values obtained for volume of
the stomach tumor, calculated using 3-D CT and resected
materials, were 15.1 cm3 and 11.4 cm3, respectively. The values
obtained for volume of the rectal tumor, calculated using 3-D
EUS and resected materials, were 2.3 cm3 and 3.9 cm3,
respectively. Conclusion: The present findings demonstrate that
clinically useful results can be obtained by using 3-D CT and
3-D EUS for the pre-operative evaluation of 3-D tumor
structure and volumetry of gastrointestinal tumors. We expect
that further studies of these methods will lead to the
establishment of new diagnostic criteria for gastrointestinal
tumors based on tumor volume in the near future. 

Recent advances in diagnostic imaging technology, such as

three-dimensional computed tomography (3-D CT), virtual

endoscopic images constructed from CT data and three-

dimensional endoscopic ultrasonography (3-D EUS), enable

clinicians to visualize and recreate normal anatomy and

pathological conditions of the gastrointestinal tract in three

dimensions (1-6). However, conventional radiography and

endoscopy are still the primary methods used for diagnosis

of gastrointestinal tumors, and there is a need for further

assessment of the clinical utility and data interpretation of

the newer diagnostic methods. Also, little is known about

the significance of tumor volume in the management of

gastrointestinal tumors, and clarification of this issue is

necessary for accurate evaluation of the methods used to

obtain 3-D tumor structure and volume.

Recently, we developed a new technique for evaluating

the 3-D structure and volume of gastrointestinal tumors, in

which computer-generated surface rendering is performed

on pathological tissue sections of resected specimens (7, 8).

Using this technique, we demonstrated that tumor volume is

a probable indicator of biological malignancy and prognosis

of gastric carcinoma (9, 10). However, this procedure was

performed post-operatively. Before this technique can be

applied to clinical practice, it is necessary to assess its

performance in pre-operative evaluation of tumor structure

and volumetry. In this report, preliminary results of the pre-

operative evaluation of 3-D tumor structure and volumetry

using 3-D CT and 3-D EUS are presented. Also, the possible

roles and future prospects of 3-D imaging in the diagnosis of

gastrointestinal tumors are discussed.  

Materials and Methods

Patients. The subjects were 2 patients (a 61-year-old male patient

with gastric cancer, and a 63-year-old female patient with rectal
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Figure 1. Pre-operative diagnosis of the 61-year-old male patient with gastric carcinoma. 
a: Gastrointestinal radiography. Radiological examination showed an elevated lesion in the antrum of the stomach (arrow).  
b: Gastrointestinal endoscopy. Endoscopic findings of the stomach after indigo carmine dye-dispersed test showed an elevated tumor in the antrum of the
stomach. 
c: Findings of virtual gastroscopy derived from CT scans.
d: Findings of 3-D CT examination. Orange-colored region is the tumor (arrow; tumor volume, 15.1 cm3). 
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Figure 2. Macroscopic appearance and 3-D reconstruction of tumor resected from the patient in Figure 1. 
a: Fixed specimen of resected tumor. Left margin of the resected specimen corresponds to distal cut end. The elevated tumor was histologically diagnosed
as early gastric cancer (papillary adenocarcinoma, submucosal invasion). 
b: Computer-generated 3-D image of tumor reconstructed from serial tissue sections (red region, tumor; green region, normal stomach wall).



tumor), who underwent surgical resection at the Department of

Surgery of Kitasato University East Hospital, Japan.  

Pre-operative diagnosis. Conventional gastrointestinal radiography

and endoscopic examination were performed for both patients.

Upper abdominal 3-D CT was performed for the patient with the

gastric tumor. Stomach insufflation was achieved by oral

administration of a gas-forming agent (Baros, Horii Co., Japan)

immediately before CT scanning, which was performed in the

supine position. A single slice CT scanner (HSASG, GE, USA) was
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Figure 3. Pre-operative diagnosis of the 63-year-old female patient with rectal tumor. A flat elevated tumor was found in the rectum (arrow).
a: Colonography. Radiological examination showed a flat elevated lesion in the rectum. 
b: Colonoscopy. Endoscopic findings showed a flat elevated tumor in the rectum. 
c: Findings of 2-D endoscopic ultrasonography of the tumor (image of longitudinal section).
d: Findings of 3-D endoscopic ultrasonography. Tumor was visualized as a flat elevated lesion (tumor volume: 2.7 cm3). 



used with a table speed of 3.75 mm per second, a reconstruction

interval of 2.0 mm and scanner settings of 240 mAs and 120 kVp.

Image processing (3-D CT and virtual gastroscopy) and calculation

of tumor volume were performed using a series of 2-D images,

according to the protocol of the software on the work station

(Advanced Volume, GE, USA).

3-D EUS was performed for the patient with the rectal

tumor. A conventional endoscopic examination was performed

using 2-channel flexible colonoscopy (2TQ240, Olympus, Japan).

The EUS probe (DP 20-25R, Olympus) was then inserted

through a channel of the colonoscope. After the rectum had

been filled with de-aereated water, the tumor lesion was

scanned continually with a 20-MHz transducer. The data was

input into the data files. The 3-D tumor structure was

reconstructed with an interval of 0.5 mm. The tumor volume was

calculated from a series of 2-D images with an interval of 

2.5 mm, according to the protocol of the software on the work

station (Endoecho system, Olympus).
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Figure 4. Macroscopic appearance and 3-D reconstruction of tumor resected from patient in Figure 3. 
a: Fixed specimen of resected tumor. Right margin of the resected specimen is proximal cut end. The flat elevated tumor was histologically diagnosed as
tubulo-villous adenoma of the rectum. 
b: Computer-generated 3-D image of tumor reconstructed from serial tissue sections (red region, tumor; green region, normal rectal wall).



Three-dimensional reconstruction of tumors from serial tissue sections
by computer graphics. All procedures were performed according to

a previously reported protocol (7, 8). Briefly, the material was

prepared using conventional histological techniques. Six serial

sections containing lesion tissue were cut from the stomach tumor

(interval, 5-7 mm; average, 6.6 mm), and 12 sections were cut from

the rectal tumor (interval, 3-8 mm; average, 4.1 mm). Computer-

generated 3-D reconstruction of the tumors from serial tissue

sections and calculation of tumor volume were performed using

image editing software (Paint Shop Pro, version 3.2J, Mets Co.,

Tokyo, Japan) and a computer graphics analysis program (OZ95:

Rise Co., Miyagi, Japan). 

Results

Pre-operative diagnosis of the gastric tumor is shown in

Figure 1. Gastrointestinal radiography and endoscopy

identified an elevated tumor in the antrum of the stomach

(Figures 1a, 1b). Findings of virtual gastroscopy derived

from CT scans and 3-D CT are shown in Figures 1c and 1d,

respectively. The 3-D tumor structure was visualized and a

tumor volume of 15.1 cm3 was obtained. Distal gastrectomy

combined with lymph node dissection was performed for

this patient. The macroscopic appearance of the fixed

specimen and the computer-generated 3-D image of the

tumor reconstructed from serial tissue sections are shown in

Figures 2a and 2b, respectively. The elevated tumor was

histologically diagnosed as early gastric carcinoma (papillary

adenocarcinoma, submucosal invasion, no metastasis to

lymph nodes), with a tumor volume of 11.4 cm3.

Pre-operative diagnosis of the rectal tumor is shown in

Figure 3. Gastrointestinal radiography and endoscopy

identified a flat elevated tumor in the rectum (Figures 3a,

3b). Findings of 2-D (longitudinal section) and 3-D EUS are

shown in Figures 3c and 3d, respectively. The 3-D tumor

structure was visualized and a tumor volume of 2.3 cm3 was

obtained. Low anterior rectal resection was performed for

this patient. The macroscopic appearance of the fixed

specimen and the computer-generated 3-D image of the

tumor reconstructed from serial tissue sections are shown in

Figures 4a and 4b, respectively. The flat elevated tumor was

histologically diagnosed as tubulovillous adenoma, with a

tumor volume of 3.9 cm3.

Discussion

Tumor volume appears to be an important indicator of the

biological malignancy of solid tumors. Although

gastrointestinal radiography and endoscopic examination

are now commonly available for the diagnosis of

gastrointestinal tumors, these methods are not well suited

to visualization of the 3-D shape of tumors or for calculating

the volume of tumors. In addition, the significance of tumor

volume is not well understood, and exact diagnosis of

metastasis to lymph nodes is generally difficult for such

tumors. Consequently, the depth of invasion, which is an

important factor in the staging systems in current use (11,

12), has generally been used as the key factor in pre-

operative gastrointestinal tumor staging. However, tumor

depth is not always accurately diagnosed, even when EUS is

used, and diagnostic accuracy sometimes depends on the

skill of the examiner (13, 14). Thus, diagnosis of

gastrointestinal tumors on the basis of surface morphology

and 2-D expansion of the lesion is currently performed

using subjective judgements. It may be possible to make

diagnosis more objective if the tumor volume can be

calculated routinely before surgery, and if that correlates

well with tumor progression and true tumor size.

There have been many studies of volume measurement of

normal organs or tumors using CT or US (15-20). There have

been few studies of calculation of the volume of

gastrointestinal tumors, due to the poor understanding of its

clinical significance. However, in a recent study in which the

volume of gastrointestinal tumors was evaluated using 3-D

EUS, this procedure was shown to provide accurate values of

tumor volume (21). In the present study, we found that 

3-D CT and 3-D EUS can provide accurate 3-D

reconstruction and volumetry of gastric and rectal tumors,

suggesting that these methods have potential for clinical use

in the pre-operative evaluation of 3-D tumor structure and

volume. However, the present findings also show that tumor

volume differed between pre-operative and final (using

resected material) calculations. Further studies with a large

numbers of cases are needed to assess the clinical significance

of pre-operative tumor volumetry and to determine the

diagnostic accuracy of these methods in practical applications.

In a previous study of tumor volumetry of resected

materials, we found that tumor staging based on volume

may have advantages over conventional staging systems for

gastric cancer (22). Current staging systems for

gastrointestinal tumors, which are based on tumor depth,

lymph node metastasis and distant metastasis (11, 12), are

very complicated and are easily affected by the extent of

surgical resection (23). Thus, a new staging system based on

tumor volume may lead to changes in treatment strategy.

We speculate that further research into the use of 3-D CT

and 3-D EUS for measurement of the volume of

gastrointestinal tumors will lead to the establishment of new

diagnostic criteria for gastrointestinal tumors based on

tumor volume in the near future. 
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