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Abstract
Flexible endoscope is used in Natural Orifice Trans-luminal 

Endoscopic Surgery. Cervical incision thoracic surgery has recently 
been described. The use of a flexible endoscope through a natural 
orifice into the thoracic cavity still remains ethically doubtful. The 
authors present a surgical experimental study using a flexible 
endoscope through oral-substernum incision for the exploration of 
both the thoracic cavity in dog model. An experimental work on 5 
male mongrel dogs was initiated. Through a small incision at oral 
floor, we performed simultaneous exploration of the pleural cavities. 
Identification and biopsies of pleural and lung was performed. 
None chest tube was placed in the thoracic cavity at the end of all 
pleural procedures. The potential advantages of this approach are 
exploration of the thoracic cavity and the performance of several 
thoracic interventions through oral floor. The flexible endoscope could 
become a surgical tool for thoracic surgery.

The treatment of lung cancer and other thoracic tumors usually 
involves thoracic surgeries. Cancer staging is a necessary step before 
cancer treatment. Mediastinal lymph nodes, pleural biopsies and 
lung biopsies are frequently needed for staging tumors. Despite the 
development of less invasive techniques, such as trans-bronchial 
needle aspiration (TBNA), endoscopic ultrasound-guided fine-needle 
aspiration (EUS-FNA), and more recently, endobronchial ultrasound-
guided fine-needle aspiration (EBUS-FNA), mediastinoscopy and 
video-thoracoscopy still remain the more satisfactory and commonly 
performed invasive techniques for mediastinal and pleural staging 
of thoracic tumors [1,2]. The development of thoracoscopic 
approaches during the early 1990s excited thoracic surgeons due to 
multiple advantages of this technique. Thoracoscopy unquestionably 
decreased the length of hospital stay, hospital cost, and rate of scar 
complications; and provided some cosmetic advantages. However, it 
did not significantly reduce postoperative pain. Thoracic ports and 
chest tubes are a major cause of persistent pain [3]. Minimally invasive 
techniques in thoracic surgery are evolving. And several recent 
thoracic surgical interventions were performed through cervical 
incisions [4,5]. There is a trend in favor of using flexible endoscopy 
in general surgery [6]. Flexible endoscope is used in Natural Orifice 
Trans-luminal Endoscopic Surgery (NOTES) techniques [7]; and few 
cases were reported on its application in abdominal surgery. Latest 
attempts in minimizing surgical trauma lead to an experimental 
trans oral access to the mediastinal for lymph node biopsies. Human 
application has been described for NOTES in thoracic surgery [8], 
but ethical restraints and the risk of major mediastinal complications 
limit its application on humans. The aim of this experimental work on 

animal is to evaluate the use of flexible endoscope for the exploration 
of thoracic cavity and pleura through a single trans oral incision.

Materials and Methods
The experimental protocol of this study (No.KYLL-2014(KS)-12) 

was granted by the Institutional Ethic Committee of Qingdao 
Municipal Hospital. The study was conducted according to the 
Declaration of Helsinki. All animals received human care in 
compliance. 

Five male mongrel dogs were used to evaluate the feasibility and 
safety of the trans-oral endoscopic thoracic surgery through the floor 
of the mouth. Intravenous anesthesia was induced with ketamine, 
midazolam, and azaperone, and pancuronium as relxant. Due to 
the length of dog’s neck, intubation was performed by tracheotomy 
at the middle of trachea. The incision was sutured after intubation. 
Ventilation was controlled with standard ventilation system (Evita 
XL, Drager, Lubeck/Germany). We used Needlescopy (5.0 mm, 30°), 
standard double-channel flexible video gastroscope (Olypus), and 
endoscopic video Monitor. The trocar used Triport Laparoscopic 
Instrument Port. 

The dog was positioned in supine position on the operation table 
with reclination of the head. The mucosa in the vestibule of mouth 
was incised. A 10 mm sublingual sagittal incision was made between 
the papillae of the Wharton duct in the middle line. The mental nerve 
was taken care of. The muscles of the oral floor (geniohyoid muscle, 
mylohyoid muscle, and anterior belly of the digastric muscle) were 
separated directly in the midline by scissors. The separate direction 
pointed to neck subcutaneous. The incision was divided along the 
plane between the superficial fascia and the subcutaneous. When the 
work tunnel was made by sharp dissection along the middle of neck, 
the triport was inserted into the tunnel (Figure 1). The working space 
was created with scissors under the vision of Needlescopy, which was 
inserted into the tunnel through the port. CO2 was insufflated into 
tunnel to create the working space at 4.0-6.0 mm Hg pressure. In this 
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way, the working space was made easily with scissors under vision 
from oral floor to the sternal incisure. The jugular venous arch could 
be cut only when the space was made far from subcutaneous. 

When the tunnel reached the strenal incisure, a grasping forceps 
was inserted through another working tunnel to assist the separation. 
In this site care had to be taken not to injure the left brachiocephalic 
veins. The fascia was be dissected by scissors clung to sternum. When 
fascia was cut off, the space under sternum (Anterior mediastinum) 
appeared (Figure 2). Video gastroscope was then introduced through 
the port to replace the Needlescopy, and a total anterior mediastinal 
exploration was performed. With the use of CO2, a working place was 
made in the anterior mediastinum. The next step was the creation of 
mediastinal pleural windows. On the right side, a digital dissection 
of the right mediastinal pleura above the level of the superior 
vena cava was performed, creating a communication between the 
mediastinum and the right pleural cavity (Figure 3). On the left side, 
the pleurotomy was also digitally performed over the ascending 
aorta. Video gastroscope was then introduced into the pleural cavities 
through both pleurotomies.

Results
The operative step was repeated in the experiments. In all 

experiments, no problems with operative procedure and anesthesia 
occurred. No major bleeding complication was noticed. With CO2 
insufflated at 4.0-6.0 mm Hg pressure, the subcutaneous tissues got 
loosen as a result of the cutaneous emphysema. The working space 
was made easily with scissors under vision from oral floor to the 
sternal incisure.

In all cases, the mediastinum was reached and the vascular 
structure could also be spared. Pleurotomy was digitally performed. 
Video gastroscope can be introduced into the pleural cavities through 
pleurotomies.

During the entire operative procedure, transcutanrous oxygen 
tension determination and venous blood gas analysis appeared 
normal, which indicated that the gas exchange and ventilation were 
not affected by CO2 at the pressure of 4.0-6.0 mm Hg pressure to the 
mediastinum.

The introduction of video gastroscope into the pleural cavities 
through the previously created mediastinal windows was not difficult; 
and it allowed a wide exploration of both pleural cavities. On all of the 
dogs, we performed bilateral pleural and lung biopsies using a grasp 
forceps. No chest tube was inserted into thoracic cavity after surgical 
procedure.

All dogs were breathing spontaneously after the operation. The 
tube could be extubated without difficulties. The dogs recovered 
quickly, and no acute bleeding occurred after the operation. The dogs 
were given food 6 hours after the operation. All animals started oral 
food intake without signs of pain. In the following 3 days, all dogs 
were fed with regular food and water. There were no signs of pain or 
local wound infections.   

Discussion
The thoracoscopic approaches developed in the early 1990s 

disappointed thoracic surgeons. The persistence of postoperative 
pain remained an unresolved problem. The need for thoracic 
ports and chest tube are the major cause of this pain. Minimally 
invasive techniques in thoracic surgery have been evolving. Further 
development of sophisticated endoscopic instruments and increasing 

Figure 1: The triport was inserted into the tunnel.

Figure 2: When fascia was cut off, the space under sternum (Anterior 
mediastinum) appeared.

Figure 3: On the right side, a digital dissection of the right mediastinal 
pleura above the level of the superior vena cava was performed, creating a 
communication between the mediastinum and the right pleural cavity.
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possibilities of camera and video technology over the last 5 years 
resulted in a paradigm shift: the use of nature orifices of human body 
as access route to endoscopic surgical procedure further minimized 
surgical trauma. This could be called the third generation surgery 
compared with the generation of visceral surgery (minimally invasive 
laparoscopic surgery in mid 1980s). 

NOTES mainly use flexible endoscopics or rigid endoscopics and 
instruments, and enter the body through natural orifices and cavities 
such as the stomach, the bladder, the vagina, or the esophagus. 
Most of the operations were performed with rigid endoscopics and 
instruments. The flexible endoscopics approaches are still under 
development. The major obstacle is that there are no appropriate 
flexible endoscopics or reliable endoscopic suturing technique. 

The use of a flexible endoscope through a natural orifice (NOTES) 
into the thoracic cavity still remains ethically doubtful in humans 
as does the trans-oesophageal approach transgastric, or vaginal 
applications [9,10]. 

Jalal et al. described an approach in cervical incision thoracic 
endoscopic surgery (CITES), using a flexible endoscope though a 
validated cervical incision. The extreme flexibility of the endoscope 
offered the possibility of a complete pleural inspection, and it could 
be used for biopsies in several thoracic sites, and for the performance 
of more complicated surgical procedures (e.g. sympathectomy). 
Swantstrom et al. recently published a report on the use of flexible 
endoscope into the mediastinum through a cervical incision for 
Heller myotomy and oesophagectomy in six animals and one cadaver 
[11].

In the last 5 years, there have been several attempts to access 
the thorax. One way was from bladder to abdominal cavity and the 
diaphragm. Another path was transmural esophageal or hybrid 
approach via superasternal incision.   

Recently, Wilhelm et al. presented their research that proved 
the safety and feasibility of the trans oral endoscopic approach for 
minimally invasive thyroidectomy [1-14]. They also published an 
important research on endoscopic approach for mediastinal surgery. 
In this way, trachea was easily identified and followed down to the 
mediastinum. 

In our study, with standard laparoscopic instruments and CO2 
insufflation, a sufficient working space was created. From oral floor 
along trachea through mediastinum, thoracic cavity and all natural 
structures intrathoracic was identified. Pleural and lung biopsy could 
also be performed by flexible endoscopics and instruments.

The advantage of this technique is the possibility of working in 
line with trachea and sternum. Only at the entrance of sternal incisure, 
the left brachiocephalic veins must be stretched. With the assistant of 
CO2 pressure, the working place can be made easily in the anterior 
mediastinum. The mediastinal pleural windows above the level of 
the superior vena cava and ascending aorta make the operation path 
safer than the other path. This technique can help avoid superior vena 
cava and left common carotid, and therefore the most important 
thing is that this operation path can avoid thorax infection caused by 

esophageal and trachea incision. 

The limitation of the experiment was the subject. The neck of dog 
is longer than porcine. The double lumen endotracheal intubation 
must be performed after tracheotomy. The tracheotomy may bring 
detrimental influence to the study. The space between sternal incisure 
and the left brachiocephalic veins could be another problem. 

In conclusion, this new trans-oral endoscopic approach for 
thoracic surgery was feasible in animal study. The dogs with 
short survival time showed the safety of the procedure. After 
a thorough preclinical study, our experience with minimally 
invasive thoracoscopy surgery indicates that benefits of trans-oral 
thoracoscopy can be expected.
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