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Background: Three-dimensional (3D) reconstruction has been used in evaluating the lungs and liver,
but there is only little research on the application of 3D reconstruction for the oesophagus. This research
aims to study the application of 3D reconstruction in patients with lower segment oesophageal tumours to
improve the diagnosis and treatment of oesophageal cancer and to provide a better method of preoperative
assessment.

Methods: All the patients were treated at the First Hospital of Jilin University between January 2014 and
August 2015 for oesophageal cancer. We collected the patients’ imaging data and used surface reconstruction
technology to reconstruct their oesophageal tumours and adjacent structures. Tumour shape and other
specific parameters were analysed and calculated, and comparisons of the results from different conditions
of 3D reconstruction were made. IBM SPSS 19.0 was used to analyse all the data. All the data were averaged
over three measurements. The t-test was used to compare the mean of the two groups, and variance analysis
was used among the groups, where P<0.05 indicated a significant difference.

Results: Of the 72 patients, there were 48 cases in which a gastroscope was able to pass through the
oesophageal lesion and 24 cases where this was not possible. The location of the lesion ranged from 30 to
42 cm among those 48 cases. The endoscopic measurement length and the 3D length were both longer
than the pathological length (P<0.05), but there was no significant difference between the endoscopic
measurement length and the 3D length. In the reconstructed data of positive lymph nodes, the length,
diameter, volume, CT value and reconstruction of the lymph nodes in the negative group were significantly
different compared with the positive group.

Conclusions: The application of 3D reconstruction in oesophageal cancer is safe and effective. 3D
reconstruction plays an important role in preoperative evaluation of tumours and the surrounding lymph
nodes and may be useful for evaluation of the long-term efficacy of radiotherapy and chemotherapy for

oesophageal cancer.
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Introduction

Oesophageal cancer is one of the least studied and
deadliest cancers throughout the world because of its
extremely aggressive nature and poor survival rate (1).
The incidence of oesophageal cancer is also high in China.
Additionally, patients with oesophageal cancer are prone
to early lymph node metastasis and distant metastasis,
and local invasion is also commonly observed (2,3). Even
after systematic treatment, the 5-year survival rate for
this disease is still low (4). The Comprehensive Registry
of Esophageal Cancer in Japan [2010] showed that the
S-year survival rates of patients treated using endoscopic
mucosal resection, concurrent chemoradiotherapy,
or oesophagectomy were 85.5%, 27.3%, and 55.5%,
respectively (5).

In the treatment of oesophageal cancer, surgical
treatment has always been the first choice for radical
treatment (6). At present, routine preoperative evaluation of
patients with oesophageal cancer includes the enhancement
CT, which defines the lesion range, lesion extent and degree
of external invasion (4,7). However, for the evaluation of the
overall length of the lesion and its relative spatial location,
the use of CT is limited.

Enhanced CT of the stomach is mainly used to assess
the relationship between the gastric lymph nodes and
the left gastric artery (8). The main examinations used
to assess the location of the lesion are gastroscopy and
upper gastrointestinal radiography. Of these methods,
gastroscopy assesses lesion location mainly by measuring
the distance from the central incisor to judge the
segmentation of the lesion (9). However, this method is
affected by individual factors, such as height and upper
body length.

3D reconstruction has been used in evaluating the lungs and
liver, but there is only little research on the application of 3D
reconstruction for the oesophagus (10-12). The aim of this
study was to evaluate the application of 3D reconstruction
in the diagnosis and treatment of oesophageal cancer, which
can assist in the development of diagnostic and treatment
plans for oesophageal cancer and provide a better method
of preoperative assessment.

Methods

Patients presented to the Department of Thoracic Surgery
at the First Hospital of Jilin University from January 2014
to August 2015 were selected.
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Inclusion criteria

O Pathological diagnosis of oesophageal cancer;

(II) Left thoracotomy with radical resection of
oesophageal carcinoma;

(II) Having undergone enhanced chest CT and an
enhanced stomach CT before surgery;

(IV)  Postoperative pathological findings were complete;

(V)  Without preoperative chemotherapy, radiotherapy,
or a combination of these treatments prior to

surgery.

Exclusion criteria

O Lack of gastroscopy reports in medical records;

(II)  Incomplete imaging data;

(II) Imaging data with serious artefacts and poor
reconstruction results;

(IV)  Postoperative pathological findings of sarcomas;

(V)  Postoperative pathological findings that suggested
that the disease was a fundus disorder;

(VI) Patients who have severe arrhythmia, history of
thrombus or other diseases that can’t tolerate
operation;

(VII) Patients who received preoperative chemotherapy,
radiotherapy, or both before.

A total of 72 patients were recruited, including 62 males
and 10 females. The First Hospital of Jilin University
approved the study protocol, and all the patients provided
written informed consent for the procedure (number of
ethnic approval: 2014122).

Experimental equipment and instruments

We used the Discovery TM 64 CT (U.S. General
Company) for high-resolution (64-spiral) enhanced chest
CT and enhanced stomach CT, Materialise Mimics 15.0
(Belgium Materialise Company) for three-dimensional
(3D) reconstruction, and Photoshop CS4 (American Adobe
Corporation) for dyeing.

Iimaging data acquisition

Enhanced chest CT and enhanced stomach CT were enhanced
using the Discovery TM 64 CT. The patients were positioned
with their head forward in a supine position with their hands
held up to their head. The scan ranged from the thoracic inlet
to the umbilicus and used DICOM format image data.
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3D reconstruction

We collected patients’ information according to the
inclusion and exclusion criteria. Data collection included

enhanced chest CT and enhanced stomach CT DICOM

—_—

Figure 1 Chest enhanced CT is suggestive of a mass (red arrow) of
the oesophagus (DICOM format file).
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Figure 2 Measurement of the CT value of the lesion location.

files. Databases were built by Excel. We then imported files
into Mimics’ 3D reconstruction software and browsed the
original DICOM format two-dimensional images layer-
by-layer. Using application software with tools, CT values
and other specific parameters were measured from the two-
dimensional images of the lesion location. The CT values
for normal oesophageal tissues and diseased oesophageal
tissues were measured and entered into the form.

We subsequently created a blank layer and applied the
surface editing software to edit and dye the location of the
lesion according to the measured CT value. Then, the edited
image file was created layer-by-layer to completed layer dyeing
of the lesion. We then created a new blank layer and applied
the surface editing software again to complete the labelling
and dyeing of the adjacent tissue around the lesion. The layers
of the tumour and adjacent tissues were reconstructed by
surface reconstruction, and the reconstruction results could
be displayed individually or in combination with display
and multi-angle observation to assess the size, location and
adjacent relationship of the tumour (Figures 1-6).

The length, thickness, volume and other related parameters
of the tumour were measured by the software, and the results
were entered into the database. The regional lymph nodes
in the 7 groups and the 8 groups in the mediastinum were
carefully observed by chief physicians. The lymph nodes were
reconstructed, and the reconstructed results were compared
with the postoperative pathological results. The positive and
negative lymph nodes were labelled, the related parameters of
the lymph nodes were measured using software tools, and the
results were entered into the database.

Statistical analysis

IBM SPSS 19.0 was used to analyse all the data. All the

Figure 3 CT dyeing according to value.
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data were averaged over three measurements. The #-test

was used to compare the means of the two groups, and
variance analysis was used among the groups, where P<0.05
indicated a significant difference.

Results

The age of the patients ranged from 45 to 85 years, and
the average age was 61.3 (8.6) years. Gastroscopy was
performed on all the patients. The gastroscope was able to
pass through the oesophagus successfully in 48 cases but was
unsuccessful in 24 cases. The location of the lesion ranged
from 30 to 42 cm among the 48 cases. Detailed information
is shown in Table 1 by sex groups.

Figure 5 The reconstructed lesion (blue), vessels (yellow) and bronchi (purple) and the length, location, and adjacent relationships to the

tumour, with measurement of the lesion length by the tool.

Figure 6 The reconstructed No. 8 group lymph node (red).
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Table 1 Age and location of the lesions of the subjects

Sex groups
Characters t P
Male (n=62) Female (n=10)

Age 61.3 (8.6) 55.2 (9.1) 1.6265 0.1083

Location of lesion 33.11+£3.79  34.25+2.99 0.7151 0.4769

Table 2 Three-dimensional reconstruction visualization of
oesophageal lesions for all the patients

ltems X+S n t P
length 1.0860 0.2831
Endoscopic 4.5+1.93 48

measurement length

Three-dimensional  5.06+1.63 72

length

We conducted a 3D reconstruction visualization of
the oesophageal lesions for all the patients and measured
the lesion length by endoscopy in the 48 cases in whom
the gastroscope was able to pass through the lesion
successfully. The endoscopic measurement length and
the 3D length were both longer than the pathological
length, but there was no significant difference between
the endoscopic measurement length and the 3D length
(Table 2).

Table 3 presents the length, thickness and volume of
the reconstructed tumours at different tumour stages.
According to different pathological stages, the results of
each measurement were analysed. The tumour volume,
3D length and 3D thickness were all different in the three
different tumour stages.

Among the 72 patients, the pathological results indicated
that there were 46 patients with a positive lymph node
(63.9%), and there were 12 cases where a lymph node was
seen on CT images. We then conducted reconstruction for
these cases. Of the remaining 26 patients with mediastinal
lymph nodes that were negative on pathology, only
8 cases of oesophageal lymph nodes were observed and
reconstructed. The correlation of the reconstructed results
is shown in Table 3.

In the reconstructed data of positive lymph nodes, the
length, diameter, volume, CT value and reconstruction of
the lymph nodes in the negative group were significantly
different compared with the positive group. Details are
shown in Table 4.
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Discussion
Key findings

In this study, we describe a novel 3D oesophageal
reconstruction method combining both CT images and a
3D electromechanical rendering technique. 3D oesophageal
reconstruction images are more intuitive and accurate than
enhanced 2D CT images.

()  This technique is an excellent non-invasive method
for defining oesophageal position and stage.

(II) Increased knowledge of the location of oesophageal
lesions was often used by the surgeon before
surgery, and the surgical approach was modified
accordingly. The considerable oesophageal 3D
reconstruction would be show the location better
which is beneficial to decide operational procedure
before operation.

(IIT) The positive results for mediastinal lymph nodes
were accurate, and they can be used for accurate
assessment before surgery.

(IV) 3D reconstruction of oesophageal cancer will
improve the accuracy of traditional staging criteria
for oesophageal carcinoma. In addition, this may
also help to supplement information on the effects
of radiotherapy and chemotherapy during the
treatment period.

It has been reported that 3D-reconstruction has been
applied to lung and liver, but there is little research on the
use 3D reconstruction for the oesophagus (13,14). This
may be due to the complex tissue construction and vessels
that increase the difficulty of distinguishing the images.
This study is based on two-dimensional enhanced CT
images used to judge and mark the specific lesion level
of oesophageal carcinoma. The reconstruction of the
oesophagus in the diseased segment was performed using
3D-reconstruction. Using the same methods, oesophageal,
peripheral, bronchial, and cardiovascular reconstructions
were all completed.

This new method is superior to traditional
gastrointestinal radiography and gastroscopy for observing
the location of the diseased section of the oesophagus and
for determining the surgical approach. In addition, the
length and extent of the lesion are also important for the
choice of treatment modality (15). The length and extent
of the lesion are usually determined by gastroscopy. In
this study, as a result of pathological changes, there were
24 cases that could not undergo gastroscopy, accounting
for 33.3% of all the patients. For this portion of patients,
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Table 3 Comparison of parameters of tumours among the different T stages

ltems T1 (n=12) T2 (n=20) T3 (n=40) F P
Volume of tumor (cm?®) 5.39+2.92 31.82+20.74 30.73+16.05 12.48 <0.001
Pathological length (cm) 2.70+0.72 3.90+1.26 4.30+1.84 4.858 0.0106
Three-dimensional length (cm) 3.36+0.91 5.32+1.23 5.99+2.09 10.59 0.0001
Three-dimensional thickness (cm) 0.85+0.22 1.89+0.83 1.78+0.52 13.57 <0.001
CT value of normal esophagus (HU) 20.45+3.30 21.67+2.25 22.56+2.97 2.676 0.0759
Tumor CT value (HU) 58.86+4.64 63.01+4.49 58.07+8.05 3.647 0.0312
Table 4 Comparison of oesophageal lymph nodes between the two groups
ltems n X+S t P
CT value of oesophageal lymph node (Hu) 12.9599 <0.001
Negative 8 19.52+3.04
Positive 12 70.48+10.75
Long diameter of oesophageal lymph node (mm) 8.1943 <0.001
Negative 8 8.84+0.66
Positive 12 23.54+5.00
Short diameter of oesophageal lymph node (mm) 6.2488 <0.001
Negative 8 5.56+0.87
Positive 12 14.48+3.94
Volume of oesophageal lymph node (mm® 3.8742 0.0011
Negative 8 101.44+7.60
Positive 12 2,299.83+1,590.32

only by using 2D images of the lesion could the cumulative
level of the lesion’s specific length and range be estimated,
and this method is not only low in accuracy but also has
uncertainty for planning surgical treatment (16). The
application of 3D reconstruction helps to evaluate the tissue
and vessels prior to surgery, which improves the accuracy
of assessment of the extent of disease. Furthermore, it is
known that the malignancy of the tumours is associated not
only with their length and volume but also with the degree
of peripheral lymph node invasion and value of CT. In
addition, 3D reconstruction of the oesophagus has a large
advantage for the evaluation of the effects of chemotherapy
and radiotherapy. Through 3D reconstruction, we can
clearly observe changes in tumours and in the size of
peripheral lymph nodes. Thus, the method used in this
study is optimized for the standard of T-stage tumours.
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Thus the method in this study optimize for evaluating the
lesion’s T  stage before operation.

In this study, the visualization of oesophageal carcinoma
was performed by 3D reconstruction with surface
reconstruction. This method is not affected by the extent of
oesophageal lesions, and it measures the length and extent
of the lesion. In terms of the accuracy of the measurement,
we compared the results of the gastroscopy with the results
of the 3D reconstruction, using the pathological results as
the standard. The results suggest that both gastroscopy and
3D reconstruction result in similar measurements. There
are some differences with pathological measurements.
However, the length of the 3D reconstruction was slightly
larger than the actual length measured at pathology.
Therefore, the therapeutic range is not affected by the
range of the lesion measured by this method, and the final
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therapeutic effect is not affected.

It is important for rational diagnosis and treatment
strategies to define the range of oesophageal carcinoma
using 3D reconstruction.

Strengtbs and limitations

As far as we know, this study is the first report on the
application of 3D oesophageal reconstruction in China.
In addition, the image technology used in this study is
superior to that used in previous research. However,
there are still some limitations that should be mentioned.
First, the sample size of this study may have been small,
but it is still sufficient to describe the advantages of 3D
oesophageal reconstruction compared with traditional
methods. Second, all the patients were from a single
centre—the First Hospital of Jilin University. Finally, a
detailed point-to-point validation of fusion images was not
performed.

Conclusions

The application of 3D reconstruction in oesophageal cancer
is safe and effective. 3D reconstruction plays an important
role in preoperative evaluation of tumours and their
surrounding lymph nodes, and it can be used to evaluate the
long-term efficacy of radiotherapy and chemotherapy for
oesophageal cancer.
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