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• COLORECTAL CANCER •
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Abstract
AIM: To evaluate the value of postprocessing techniques
of CT colonography, including multiplanar reformation (MPR),
virtual colonoscopy (VC), shaded surface display (SSD) and
Raysum, in detection of colorectal carcinomas.

METHODS: Sixty-four patients with colorectal carcinoma
underwent volume scanning with spiral CT. MPR, VC, SSD
and Raysum images were obtained by using four kinds of
postprocessing techniques in workstation. The results were
comparatively analyzed according to circumferential extent,
lesion length and pathology pattern of colorectal carcinomas.
All diagnoses were proved pathologically and surgically.

RESULTS: The accuracy of circumferential extent of
colorectal carcinoma determined by MPR, VC, SSD and
Raysum was 100.0%, 82.8%, 79.7% and 79.7%,
respectively. There was a significant statistical difference
between MPR and VC. The consistent rate of lesion length
was 89.1%, 76.6%, 95.3% and 100.0%, respectively.
There was a statistical difference between VC and SSD.
The accuracy of discriminating pathology pattern was 81.3%,
92.2%, 71.9% and 71.9%, respectively. There was a statistical
difference between VC and SSD. MPR could determine
accurately the circumference of colorectal carcinoma, Raysum
could determine the length of lesion more precisely than
SSD, VC was helpful in discriminating pathology patterns.

CONCLUSION: MPR, VC, SSD and Raysum have advantage
and disadvantage in detection of colorectal carcinoma, use
of these methods in combination can disclose the lesion
more accurately.
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INTRODUCTION
Multiplanar reformation (MPR), virtual colonoscopy (VC),
shaded surface display (SSD) and Raysum images could be
obtained after source data of CT colonography are processed

in workstation. Numerous literatures on CT colonography are
based on examination of colon polypi[1-17]. No research report
on the diagnosis of colorectal carcinoma with postprocessing
techiniques of MPR, VC, SSD and Raysum is available. The aim
of this study was to investigate the clinical value of four
postprocessing techniques in detection of colorectal carcinomas
by comparing the results of 64 colorectal carcinomas.

MATERIALS AND METHODS

Clinical data
Sixty-four patients (39 men, 25 women, aged 20-78 years, mean
age 55.6 years) with colorectal carcinomas were studied. All
cases were diagnosed surgically and pathologically.

Examination protocol
The whole procedure of CT colonography included patient
preparation, volume scanning and image postprocessing[18-20].

Patient preparation
A liquid diet for 48 h was used and 500 mL of 200 g/L mannite
mixed with 1 000 mL of 50 g/L glycol saline solution was
administered orally in the evening prior to examination.
       Anisodamine hydrochloride injection (654-2) (10 mg) was
administered intramuscularly 10 min before CT scanning to
alleviate colon spasm, minimize peristalsis and allow optimal
colonic distention. The patient lay on right lateral decubitus
position on CT table after dwelling a rectal enema tube. Then,
the patient lay on supine, and room air was gently insufflated
into the colorectum to distend the colon as long as the patient
was tolerable.

Volume scanning
A HighSpeed advantage helical CT scanner (General Electric
Medical System) was used to acquire a standard scout view
image of the abdomen and pelvis to assess the degree of colorectal
distension, room air was further insufflated if required. Images
were acquired by using 3.0 mm collimation with a pitch of 2.0,
100-120 mA, 120 kV, and a 512×512 matrix. The range of scanning
encompassed the entire colon from the rectum to cecum.

Image postprocessing
Image reconstruction data were transferred to a workstation
(Sun Sparc 20 workstation, GE Advantage Windows 2.0 image
analysis software) via picture archive and communication
system, after retro-reconstructing the initial image data of
scanning with 1.5 mm thickness, 0.5 mm interval. MPR, VC,
SSD and Raysum images were obtained with postprocessing
techniques in workstation.
        MPR image: axial, coronal, sagittal and oblique images were
acquired with the center on colorectal carcinoma segment by
using CT software to display wall, lumen and adjacent structure
of the lesion.
      VC image: intraluminal image was obtained by applying
Navigator software with about - 700 HU threshold from the
rectum to cecum. Lesions were observed with Fly-through
program along the longitudinal lumen[21].



     SSD image: image reconstruction of colorectal area was
performed with SSD software, then the interested colorectal
segment were obtained by trimming off unnecessary part with
Scalpel program, magnification and rotation were done to
demonstrate colorectal carcinoma.
      Raysum image: transparent image of interested colorectum
was acquired by using Raysum software on the basis of SSD
image to display the situation of endolumen and wall.

Statistical analysis
The following 3 aspects were comparatively analyzed according
to surgery and pathology results. According to the invasive
extent of colorectal carcinoma along the wall, tumors were
divided into <1/2, 1/2-3/4 and >3/4 circumference. According
to the longitudinal length of the lesion, it was classified into
categories of 2.0-3.0 cm, 3.1-5.0 cm and 5.1-11.0 cm, respectively.
The  pathology pattern was classified into massive, ulcerous,
infiltrative, ulcerous and infiltrative types.
    Results of 4 kinds of postprocessing techniques were
compared with surgical observation and pathology results.
Accuracy of diagnosis with 4 kinds of postprocessing techniques
was compared by using U test.

RESULTS
Examination results of circumferential extents, lesion lengths
and pathology patterns in 64 colorectal carcinomas with 4 kinds
of postprocessing techniques (Table 1)

Diagnostic accordance of 64 colorectal carcinomas with 4 kinds
of postprocessing techniques (Table 2)

DISCUSSION
MPR, VC, SSD and Raysum images obtained by postprocessing
technique displayed colorectal carcinoma in different manners
with different clinical values.

Circumferential extent
The accuracy of circumferential extent of colorectal carcinoma
determined with MPR, VC, SSD and Raysum was 100.0%, 82.8%,

79.7% and 79.7%, respectively (Tables 1, 2). Significant
statistical difference between MPR and VC, MPR and SSD,
MPR and Raysum were obtained, respectively.

Table 2  Diagnosis accordance of 64 colorectal carcinomas with
postprocessing techniques

 Circumferential          Lesion length     Pathological
                       extent                                                pattern

Postprocessing
technique             Case (n)         %           Case (n)     %     Case (n)   %

MPR        64        100.0             57        89.1       52      81.2
VC        53          82.8             49        76.6       59      92.2
SSD        51          79.7             61        95.3       46      71.9
Raysum        51          79.7             64      100.0       46      71.9
χ2 value      14.748b                    22.430b           10.909a

aP<0.05 vs pathological pattern, bP<0.01 vs circumferential
extent and lesion length.

    MPR had two dimensional axial, coronal, sagittal and
oblique reconstruction images in series, on the center of
colorectal carcinoma segments. MPR might reflect different
density tissues by using different attenuation scales with high
density resolution and it has no obvious artifact. It could clearly
display intraluminal lesion and range invaded by carcinoma
along its wall and adjacent structure, and accurately determine
the circumferential extent of colorectal carcinoma[22].
      VC, SSD and Raysum images could be obtained by using
appropriate CT threshold values with transparence of the part
beyond them, could make use of only certain information
without favorable disclosure of lesions in detail. Sometimes,
they had difficulty in showing directly the condition of
colorectal wall when thickening was not obvious. Therefore,
the determination of circumferential extent of colorectal
carcinoma was not so accurate as MPR (Figure 1A-C).

Length of tumors
The correction rate of lesion lengths determined with MPR,
VC, SSD and Raysum was 89.1%, 76.6%, 95.3% and 1 00.0%,
respectively (Tables 1, 2).

Table 1  Circumferential extents, lesion lengths and pathology patterns in 64 colorectal carcinomas determined with postprocessing
techniques

                                              Diagnostic accordance (n)                                        Accurate diagnosis (%)
        Item

                     S&p c              MPR              VC              SSD              Raysum              MPR              VC              SSD              Raysum

Circumf extent 64                    64                53              51                   51                   100.0              82.8             79.7                 79.7
<1/2 circum   7                      7                  6                 6                     6                   100.0              85.7             85.7                 85.7
1/2-3/4 circum 14                    14                12              11                   11                   100.0              85.7             78.6                 78.6
>3/4 circum 43                    43                35              34                   34                   100.0              81.4             79.1                 79.1
Lesion length (cm) 64                    57                49              61                   64                     89.1             76.6              95.3               100.0
2.0-3.0   6                      6                  6                 6                     6                   100.0            100.0           100.0               100.0
3.1-5.0 33                    31                26              32                   33                     93.9              78.8             97.0               100.0
5.1-11.0 25                    20                17              23                   25                     80.0              68.0             92.0               100.0
Pathology pattern 64                    52                59              46                   46                     81.2              92.2             71.9                 71.9
Massive type 38                    32                38              27                   27                     84.2            100.0             71.1                 71.1
Ulcerous type   5                      4                  4                 3                     4                     80.0              80.0             60.0                 80.0
Infiltrative type 13                    11                12              11                   12                     84.6              92.3             84.6                 92.3
Ulc and inf type   8                      5                  5                 5                     3                     62.5              62.5             62.5                 37.5

S & p c=Surgery and pathology case, Circumf=Circumferential, circum=circumference, Ulc and inf=Ulcerous and infiltrative. For circum-
ferential extent, comparison between MPR and VC, U=3.472, P<0.001; comparison between VC and SSD, U=0.449, P>0.05; comparison
between SSD and Raysum, U=0.000, P>0.05. For Lesion length, comparison between MPR and VC, U=1.875, P>0.05; comparison
between VC and SSD, U=3.034, P<0.05; comparison between SSD and Raysum U=1.759, P>0.05. For pathologic pattern, compari-
son between MPR and VC, U=1.817, P>0.05; comparison between VC and SSD, U=2.991, P<0.05; comparison between SSD and
Raysum, U=0.000, P>0.05.
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      SSD image displayed the surface of colorectal lumen from
outside to inside, being similar to the image of filling phase in
double contrast barium enema. It could be locally magnified
and rotated polygonally to demonstrate colorectal carcinoma
as clear as possible and show lesion lengths and morphology
of two ends. But it utilized only certain information and did not
reveal the lesion in detail due to the appropriate CT threshold
value and transparence of the part beyond it. Moreover, because
of partial covering of lesions by the colorectum, sometimes its
manifestation was not quite precise[23]. Its correction rate of
lesion lengths was 95.3 % in our series.
       Raysum was obtained on the basis of SSD image similar to
the image of mucosa phase in double contrast barium enema. It
could display the situation of endolumen and wall by transparence
and avoid the disadvantages of partial overlapping of lesions
by colorectum with SSD, hence clearly revealing lesion lengths
and morphology at two ends and accurately manifesting the lesion
lengths[24] (Figure 2A, B).
       MPR was a two dimensional image formed by reconstruction.
But the colorectum was tortuous in structure, moreover, it was

complicated by the presence of colorectal carcinoma. Therefore,
measurement of the lesion length with MPR was not accurate[25].
In our study its accuracy was 89.1%.
     VC could obtain virtual cubic images from colorectal
endolumen. Its image was similar to that of fiberoptic colonoscopy.
It could directly show the surface morphology of colorectal
carcinoma, and its distal and proximal situations. But its
manifestation of lesion lengths had a comparatively great
error[3,4,14,18,26-28]. The correct rate was only 76.6% in our series.

Pathological patterns
The accuracy of pathology patterns determined by MPR, VC,
SSD and Raysum was 81.3%, 92.2%, 71.9% and 71.9%,
respectively (Tables 1, 2). Significant statistical differences
between VC and SSD were noticed.
      VC image could disclose the surface morphology of colorectal
carcinoma and its distal and proximal situations directly with
observations from endolumen, favoring the discrimination of
pathology patterns. However, there was certain difficulty in
revealing the detail of carcinoma. It had errors in discriminating

Figure 1  Massive rectal carcinoma in a 74 years old man. VC, SSD displayed an irregular mass, but unable to determine circumfer-
ential extent (A, B). MPR showed the mass with 1/4 circumference around rectal wall (C).

Figure 2  Infiltrative rectal carcinoma in a 46 years old man. SSD disclosed the two ends of carcinoma and measured its length (A).
Raysum manifested the two ends of carcinoma more clearly and measured its length more accurately than SSD (B).

Figure 3  Infiltrative rectal carcinoma in a 48 years old man. VC demonstrated the carcinoma around rectal wall (A). Combination
of coronal and sagittal images of MPR revealed an infiltrative carcinoma, but was not so obvious as VC (B, C).
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pathology patterns[29-30]. The correction rate was 92.2% in our study.
       MPR was a two-dimensional image formed by reconstruction, and
was combined with axial, coronal, sagittal and oblique images. But it
had no direct three dimensional manifestation with a relative great
error in discriminating pathology patterns (Figure 3A-C).
       SSD, Raysum images could display the surface of colorectal lumen
from outside to inside, similar to the images of filling and mucosa
phase in double contrast barium enema. But they could use certain
information and could not show carcinoma details, and were fairly
inaccurate in discriminating pathology patterns. Its correction rate
was only 71.9% in our series.
     In conclusion, MPR, VC, SSD and Raysum have both advantage
and disadvantage in detection of colorectal carcinoma. MPR can
accurately determine the circumferential extent, Raysum can fairly
determine the length of lesions, and is more trustworthy than SSD,
VC is helpful in discriminating pathology patterns. Their combination
can disclose colorectal carcinomas more accurately.
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