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Abstract: Objective: To evaluate a new method to plan the incisions of thoracic surgical operation with robot using 
three-dimensional (3D) reconstruction techniques. Methods: Three-dimensional reconstruction techniques were 
used to reconstruct the chest CT of patients with the software OSIRIX (APPLE®). Tumor location, size and relation-
ship with the vein and artery were unambiguously obtained. The location of the incision was predetermined prior to 
the surgery. The operation time, set up time and work time were evaluated to assess the efficacy of this preplanning 
methodology. Results: A total of 4 cases are reported here. Tumors of different homogeneities were assessed, lo-
cated in a 3D mode, and preplanned incisions successfully made to perform the procedure. This resulted in overall 
reduction of operation time and also provided effective visualization of the tumor during surgery. Conclusion: Our 
results suggest that this method can show the location of tumor, help in planning of appropriate incisions and define 
3D anatomical relationships. 
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Introduction

Philipe Mouret, a French doctor introduced TV 
laparoscopic cholecystectomy and ushered in a 
new era of minimally invasive surgery. With the 
advent of more convenient endoscopic instru-
ments, endoscopic surgery has gradually 
unfolded in other surgical fields, such as gyne-
cology, hepatobiliary surgery, orthopedics, ENT, 
Head and Neck Surgery, and Thoracic Surgery. 
Thoracoscopic surgery (Video-Assisted Thora- 
coscopic Surgery; VATS) began to develop in 
the 1990s. VATS has been used to obtain medi-
astinum biopsy, perform lobectomy [1], pleural 
tumor removal, thymoma resection, etc. The 
first totally robotic cholecystectomy was  
completed in March 1997 at St Pierre Hospital 
in Brussels, Belgium. Especially, Intuitive 
Surgical® Da Vinci surgical robot was success-
fully developed and obtained FDA approval. 
General surgery (gastrointestinal [2] surgical 

mainly), cardiac surgery, urology [3] were early 
to implement this revolutionary technique. As of 
September 2011, in China, more than 2000 
cases have been performed, mainly in cardiac 
surgery, urology, general surgery (hepatobiliary 
and gastrointestinal), obstetrics and gynecolo-
gy [4], and thoracic surgery [5-8]. Though ran-
domly utilized, it seems that the overall use of 
robotic surgery in thoracic procedures have 
been limited [9]. 

Three-dimensional reconstruction techniques 
have been developed in recent years (Three-
dimensional Reconstruction, 3D) as part of 
computer-assisted surgery in clinical applica-
tions [10, 11]. Clear objective information that 
shows the location of the tumor and surround-
ing organs have been obtained using these 
reconstruction techniques. These have played 
a very important role in performing complex 
surgical procedures, to choose the best surgi-
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cal approach, to reduce surgical injury, and to 
enhance tumor localization accuracy.

Post-processing of the radiographic image 
requires corresponding software, OsiriX soft-
ware (developed by Apple), support, which uses 

fields. This is only possible by planning appro-
priately placed surgical incisions. We deter-
mined whether OsiriX could help us with plan-
ning the surgical incisions and help prevent 
conversion of a minimally invasive procedure 
into open thoracotomy.

Figure 1. The freeware OsiriX can render a CT slice in three dimension to aid the localization of the tumor in its 
intrathoracic location. The tumor can be tagged, profile rotated and viewed at any desired angle.

Table 1. Clinical Profile of 4 patients in the current case series
Patient Gender Age Diagnostic Imaging (21-24)
CASE 1 Male 53 years old Right anterior mediastinal space-occupying (3 cm×2 cm)

Thymoma
CASE 2 Female 41 years old The right anterior mediastinal mass (about 3 cm in diameter)

Teratomas
CASE 3 Female 59 years old Right anterior mediastinum abnormal lymph node (2.5 cm×1.5 cm)
CASE 4 Male 47 years old Right after chest wall mass (4 cm×2 cm)

Schwannoma 

Table 2. Incision and postoperative healing times

Patient Tumer size 
(cm)

Operation 
time (min)

SUT※ 
(min)

Bleeding 
(ml)

Bed  
time (d)

Case 1 3.3×2.5×1.5 150 12 150 3
Case 2 3.5×3×2.5 120 15 30 2
Case 3 2.3×1.5×1 120 10 10 4
Case 4 4×2×1.5 90 8 30 1
※SUT (set uptime) refers to the surgical incision to determine the 
operating system robotic arm put in place in time

medical image processing software for 
the Mac operating system. In this study, 
we explored whether the CT DICOM source 
image may be post-processed by OsiriX to 
obtain 3D view of intrathoracic tumor and 
whether surgical incisions may be planned 
preoperatively to optimally aid in planning 
surgery and performing the same with 
minimal injury. In order to optimally 
approach the tumor site, it is pertinent to 
have accurate idea about the surgical 
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Materials and methods

Ethics

The study was approved by the Instituitional 
Review Board at the PLA General Hospital of 
China. All the patients enrolled in the current 
study gave signed informed consent before 
being enrolled in the current study.

Materials

The software equipment was as follows: GE 64 
rows resolution CT, Apple Mac OS X operating 

system, the Mac OS platform OSIRIX medical 
image processing software, and Photoshop 
CS3 image-processing software.

Methods

Image data acquisition for 64 slice CT: 
Underwent chest 64 rows of high-resolution CT 
(plain or enhanced) check. Scan range: From 
the thoracic inlet to the diaphragmatic level. 
Scan parameters: Tube voltage 120 KV; to 
effectively current 100-150 mAs; slice thick-
ness 5 mm; pitch 1.375:1; collimator width of 

Figure 2. Detailed planning of the incisions using the 
Da Vinci robotic system, and the efficacy of the use of 
the rendered image with relation to the tumor locale.

Figure 3. A DICOM viewer showing the physical location of the tumor and tagging of the same tumor after 3D ren-
dering.
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1.25 mm. The image data acquisition: DICOM 
format image data (Figure 1).

The reconstruction process to define anatomi-
cal relations of the tumor using OsiriX (OsiriX 
can be freely downloaded from www.osirix-
viewer.com): DICOM files were imported to cre-
ate 3D volume reconstruction. The displayed 
density was adjusted to reveal the lesions. The 
necessary measurements were made to plan 
the incisions. The tumor was tagged in 3D, and 
bony overlay accomplished by the software to 
go to the next level of planning incision by the 
robotic method. 

Planning of incisions: Robotic surgery Da Vinci 
surgical operating system was used to plan 
incisions as follows.

1) On the surface to mark the tumor location 
(C). 2) Would be aligned with the axis of the 
fuselage of the tumor location, and, in its 
extended line, from tumor Camera incision 
position (A), determined not less than 10 cm of 
the intercostal placement Camera arm. 3) On 
both sides of the connection between A and C, 
symmetry to determine the incision positions 
① ② two manipulators. Follow the principles 
of: ① A distance of not less than 8 cm; same ② 

Figure 4. Multiple rotational views of a tumor. 
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A distance of not less than 8 cm; ① and ② dis-
tance of not less than 10 cm.

Results

Four patients-two cases with preoperative diag-
nosis of tumor in the right anterior mediastinal 
space, one under the left anterior mediastinal 
space, and one in the left posterior chest wall - 
were utilized for successful panning and remov-
al of tumors based on the proposed model. 
Table 1 elaborates the patients’ profile and 
Table 2 provides the details of the tumor pro-
files and the details of the recovery times in the 
postoperative periods. The actual locations of 
the tumor in thoracic CT slices are shown in 
Supplementary Figure 1.

Figure 1 shows the application of the freeware 
OsiriX in rendering a CT slice to aid the localiza-
tion of the tumor in its intrathoracic location. 
The tumor can then be tagged and the profile 
can be rotated and viewed at any angle. Figure 
2 shows the detailed planning of the incisions 
using the Da Vinci robotic system, and the effi-
cacy of the use of the rendered image with rela-
tion to the tumor locale.

Figure 3 represents a DICOM viewer showing 
the physical location of the tumor and tagging 
of the same tumor after 3D rendering. Figure 4 
shows multiple views of a tumor. These rota-
tional views enable to obtain a holistic global 
view of the tumor, which enormously helps to 
plan the incisions and the surgical approach 
prior to surgery. Figure 5 shows actual port 

placement and the right panel shows the 
healed incisions.

Discussion

Robotic surgery using the Da Vinci system has 
revolutionized approaches to complex surgical 
procedures [12-14]. DICOM format file was 
used that contains all the data of the CT scan in 
continuous level and affords restoration of the 
most accurate details on reconstruction. Tumor 
density can be altered in silico to distinguish 
between adjacent fat. The software has a pow-
erful tagging feature OsiriX first mark, three-
dimensional reconstruction of the lesion on the 
CT images of the two-dimensional interface, 
the previous marker in the corresponding posi-
tion. The OsiriX software can be freely down-
loaded from its official website without incur-
ring additional cost to either the patient or the 
health care facility; and importantly, it provides 
adequate image processing functions [15-18].

The application of three-dimensional recon-
struction techniques to determine the robot 
incision method is feasible. This method 
improves the surgeon’s experience in choosing 
the robotic surgery incision, is simple and easy 
to operate, and can be tested in preoperative 
surgical incisions to meet the set principle, to 
avoid increasing the difficulty of operation, in 
turn reducing the requirement of complete tho-
racotomy. Hence, we believe that this approach 
should be more widely applied in the clinical 
work space.

Figure 5. Actual port placement. The right panel shows the healed incisions.
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Supplementary Figure 1. Actual locations of the tumor in thoracic CT slices obtained from the 4 different patients 
enrolled in the current study.


