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Abstract:    Video-assisted thoracic surgery (VATS) has developed very rapidly in these two decades, and has replaced conven-
tional open thoracotomy as a standard procedure for some simple thoracic operations as well as an option or a complementary 
procedure for some other more complex operations. In this paper we will review its development history, the present status and the 
future perspectives. 
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VATS, THE PAST 
 
Historical perspective  

The application of thoracoscopy can be traced 
back to nearly one hundred years ago, when Dr. 
Jacobaeus (1910) first reported his experiences in the 
diagnosis and treatment of pleural effusions by tho-
racoscope in 1909. Most patients who needed to un-
dergo thoracoscopy at that time suffered from pul-
monary tuberculosis (TB) (“the era of enthusiasm”) 
(Cutler, 1933), and was rarely performed after the 
development of chemotherapy for patients with TB 
after the 1950s (“the era of neglect”) (Viskum and 
Enk, 1981). The development of fibro-optic light 
transmission, the illumination and the image proc-
essing techniques, as well as the refinement of related 
instruments made video-assisted thoracoscopy more 
easily and broadly applied after the 1990s (“the era of 
revolutions and rapid development”) (Mack et al., 
1992; Miller et al., 1992; Mulder, 1993). And now 
video-assisted thoracic surgery (VATS) has become a 
basic and important technique for a thoracic surgeon.   

 
Traditional thoracoscope  

The structure of traditional thoracoscope is 

similar to other traditional endoscope. It is a hollow 
tube with a small light bulb over the tip of the scope. It 
belonged to the type of direct line of sight vision with 
distally lighted tubes. The traditional thoracoscope 
has the following limitations: first, the magnitude of 
the image is limited; second, only the operator can see 
the operation field clearly; and last, the functions of 
the assisted instrument are not so good (Jacobaeurs, 
1923).  
 
Video-assisted thoracic surgery (VATS)    

The introduction of video-assisted imaging sys-
tem amplifies the function of thoracoscopy. It cannot 
only magnify the image with the aid of better in-
struments, but also share the images with all people 
performing this procedure (Kaiser and Daniel, 1993). 
The minimal requirements of VATS include a zero- 
and/or 30 degree rigid telescope(s), a light source and 
cable, a camera and an image processor. The optional 
devices include a slave monitor, a semi-flexible 
telescope and a video-recorder (Krasna and Mack, 
1994). The choice of the telescope diameter can range 
from 3 mm to 10 mm, depending the type of proce-
dure. The 30 degree angled viewing scope can help us 
check the pleural cavity with broader visual field 
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(Landreneau et al., 1992b). The choice of light source 
and cable should accord with the output power, the 
source of light and the light transmission medium. 
The recommended light source and the output power 
for the video-assisted thoracic surgery are inert gas 
(eg. Xenon) mediated “cold light” at 300 W, higher 
than that used in other endoscopes (Rivas et al., 2002). 
The reason why VATS needs higher light output 
power is that the blood in the operation field will 
absorb up to 50% of the light (Berber and Siperstein, 
2001). Regarding the light transmission, thinner light 
fibers lead to better light transmission. The light 
transmission media can be classified as glass or quartz. 
The best light transmission media is the quartz. Better 
light transmission can also reduce the thermal injury 
to the light cable. However, quartz is expansive and 
fragile (Schwaitzberg, 2001). The most commonly 
used camera in the VATS is the CCD 
(charged-coupled device) type, which can convert the 
light signals to digital ones (Berber and Siperstein, 
2001). The number of prisms used in the camera can 
be one (one chip) or three (three chips), and the latter 
is usually selected for VATS because it can correct 
the chromographic phase differences (especially from 
the red light) (Berber and Siperstein, 2001).  
 
 
VATS, THE PRESENT STATUS 
 
In pneumothorax 

1. Spontaneous pneumothorax 
The crucial role of video-assisted thoracic sur-

gery (VATS) in the treatment of spontaneous pneu-
mothorax is well acknowledged today. Spontaneous 
pneumothorax (SP) can be treated by various methods, 
ranging from observation or chest tube drainage to 
bullectomy or pleurectomy (Jacco et al., 2000). 
VATS has been applied to treat SP since the 1990s, 
and had gradually become the standard treatment for 
SP (Cardillo et al., 2000). The indication of VATS in 
SP is changing, and not limited to patients with re-
current or primary SP (Hatz et al., 2000). The ad-
vantage of VATS is that it permits a minimally inva-
sive, safe and effective procedure not only to treat the 
SP episodes but also to prevent recurrence (Horio et 
al., 2002). Spontaneous pneumothorax can be classi-
fied as of either the primary or secondary type. Pri-
mary spontaneous pneumothorax (PSP) is defined as 

a pneumothorax without underlying lung disease, and 
mostly affects young and thin males. It is usually 
caused by ruptured pleural blebs (Abdala et al., 2001). 
Secondary spontaneous pneumothorax (SSP) usually 
occurs in aged people where it is combined with other 
pulmonary diseases such as chronic obstructive pul-
monary disease (COPD) or tuberculosis (Luh et al., 
1996).  

Although simple aspiration or chest tube drain-
age are still commonly applied for treatment of first 
episode SP, these procedures have major disadvan-
tages such as lower success rate and higher recurrence 
rate (Andrivet et al., 1995). Schoenenberger et 
al.(1991) showed that 18% of patients with PSP and 
40% with SSP treated by chest tube drainage had 
persistent air leakage, and that 25% to 50% of them 
suffered from recurrence during the follow-up period. 

The introduction of VATS has led to other 
choices for SP management. At present, VATS has 
gradually become the preferred procedure for most 
PSP and some SSP because of the much better 
treatment effects and lower recurrence rate when 
compared with tube drainage or aspiration, as well as 
its minimal invasiveness compared with open thora-
cotomy (Hatz et al., 2000; Loubani and Lynch, 2000). 
Therefore, VATS for SP will not only reduce mor-
bidity but also in the long run reduce costs (Liu et al., 
1999; Hatz et al., 2000; Luh et al., 1996; Casadio et 
al., 2002).      

There are many VATS procedures options for 
treating SP (Luh et al., 2004; Loubani and Lynch, 
2000; Casadio et al., 2002; Sugamura et al., 2002; 
Horio et al., 2002). The major components of surgical 
intervention in SP include resection or ligation of 
blebs or bullae and obliteration of the pleural space. 
The use of the self-made endoscopic loop for ligation 
of parenchymal blebs or bulla in patients with SP has 
been proved safe and effective (Liu et al., 1997a). 
Most authors recommend blebectomy combined with 
some type of procedure to obliterate the pleural space 
which can be accomplished by parietal pleurectomy, 
talc powder spray, chemical or mechanical pleurode-
sis. Mechanical abrasion with the use of gauze packed 
instrument has proved to be effective in preventing 
pneumothorax recurrence. Loubani  and Lynch (2000) 
and our previous study (Luh et al., 1996) recom-
mended the use of additional tetracycline pleurodesis. 
However, Horio et al.(2002) found that additional 
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pleurodesis by electrocauterizing the surface of pa-
rietal pleura in a patchy fashion can worsen postop-
erative chest pain or pulmonary function. We prefer 
to use mechanical abrasion only or combined with 
tetracycline intrapleural injection as the pleural 
obliteration procedure for SP.  

2. Special type of spontaneous pneumothorax 
Catamenial pneumothorax is a rare occurrence 

of spontaneous, recurring pneumothorax in women of 
menstrual age and has been associated with thoracic 
endometriosis. Three women had recurrent, menses 
associated with right sided spontaneous pneumotho-
rax were observed by thoracoscope to have small 
perforations in the tendinous part of the right dia-
phragm with adjacent endometrial implantations. 
They were successfully treated by plication of this 
area (Korom et al., 2004) or wedge resection of lung 
parenchyma (Hsieh et al., 2000). 

3. Traumatic pneumothorax 
VATS for specific indications in trauma is as-

sociated with improved outcomes and decreased 
length of stay, as well as better diagnostic benefits. 

The indication of VATS included: (1) manage-
ment of retained hemothorax; (2) management of 
persistent pneumothorax; (3) evaluation of the dia-
phragm in penetrating thoracoabdominal injuries and 
management; (4) management of infected pleural 
space and collections; (5) diagnosis and management 
of on-going bleeding in hemodynamically stable pa-
tients (Korom et al., 2004).  
 
In pleural effusion/empyema 

1. Parapneumonic effusions or empyema 
Parapneumonic effusion is defined as an accu-

mulation of pleural fluid associated with an ipsilateral 
pulmonary infection. There are over one million 
persons in the United States suffering from parap-
neumonic effusions yearly, and 10%~20% of them 
develop a complicated parapneumonic effusion (CPE) 
or pleural empyema (PE) (Sahn, 1993). The CPE and 
PE remain conditions with substantial morbidity, 
despite effective antibiotic treatment that made their 
incidences decrease (Lemmer et al., 1987; Neild et al., 
1985).  

The appropriate management of CPE or PE re-
mains controversial. Most of them are treated initially 
by antibiotics with or without repeat thoracentesis, 
closed thoracostomy or fibrinolytics (Mandal and 

Thadepalli, 1987; Colice et al., 2000). Surgical ap-
proaches, such as open thoracostomy, decortication, 
and thoracoplasty, are reserved for patients with poor 
outcome CPE/PE, or conditions refractory to the 
aforementioned conservative treatments (Colice et al., 
2000; Bayes et al., 1987; Gregoire et al., 1987; 
Hoover et al., 1986; Luh et al., 2005).  

VATS plays a bridging role between the medical 
and aggressive surgical managements, and has as-
sumed greater importance in the treatment of CPE/PE 
(Landreneau et al., 1995; Bouros et al., 2002; Klena 
et al., 1998; Stammberger et al., 2000; Liu et al., 
2002). The recent development of angled 
video-optical endoscopic equipment and more effec-
tive endosurgical instrumentation has expanded the 
role of VATS approaches to a wide variety of thoracic 
surgical problems previously requiring thoracotomy 
(Mack et al., 1992; Ridley and Braimbridge, 1991).   

From 1987~2002, 44 retrospective studies with a 
total of 1369 pediatric patients (MEDLINE database 
in English and Spanish-language articles) were avail-
able. This is not a true meta-analysis because of 
inherent institutional bias and variability in outcome 
measures among studies. Kruskal-Wallis nonpara-
metric test was used to compare methods detailed in 
the individual studies. Four strategies were compared: 
chest tube drainage alone (16 studies, 611 patients), 
chest tube drainage with fibrinolytic instillation (10 
studies, 83 patients), thoracotomy (13 studies, 226 
patients), and VATS (22 studies, 449 patients). Re-
sults: VATS associated with shorter hospital stay. The 
duration of chest tube placement and antibiotic use is 
uncorrelated with treatment methods. Limitations: 
Need multi-institutional, randomized, and prospec-
tive studies for the development of evidence based 
medicine (EBM) standards (Gates et al., 2004).  

2. Malignant pleural effusions (MPEs) 
Malignancy is the second most frequent cause of 

pleural effusion in patients over 50 years old. Ap-
proximately 40% of all pleural effusions are malig-
nant and about 100 000 occur each year (Marthay et 
al., 1990; Burrows et al., 2000). One-half of all pa-
tients with metastatic cancer developed malignant 
pleural effusions (MPEs) (Burrows et al., 2000). 
Lung cancer is the most common primary malignancy, 
followed by breast, lymphoma, ovarian, and gastro-
intestinal tract carcinoma; the above comprise over 
80% of all carcinomas in patients with MPE (Burrows 
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et al., 2000; Sahn, 1998).   
The prognosis of patients with MPE is poor, with 

reported 1- and 6-month mortality rates of 54% and 
85%, respectively (Sahn, 1998; Wang and Goldstraw, 
1993). The mean survival once MPE appears is less 
than 6 months (Davies et al., 1999; Belani et al., 
1998), ranging from 2.5 months for patients with lung 
carcinoma to 7 months for patients with breast car-
cinoma (Wissberg and Ben-Zeev, 1993). The main 
symptoms at diagnosis are dyspnea (96%), chest pain 
(57%), and cough (44%), with the volume of the 
effusion usually exceeding 500 ml. These symptoms 
limit exercise ability and impair quality of life 
(Martínez-Moragón et al., 1998).  

Treatment for MPE is palliative and focuses on 
safe, efficacious, and cost-effective symptom relief. 
Treatment options include fluid drainage and pleu-
rodesis via thoracostomy or with thoracoscopic as-
sistance (Toms et al., 2000; Patz, 1998; Erasmus and 
Patz, 1999; Erasmus et al., 2000; Light, 2000). The 
use of video-assisted thoracic surgery (VATS) for the 
treatment of MPE is advantageous in that it allows 
optimal preparation of the pleural surface and ho-
mogeneous pleurodesis under visual control.  
 
In pulmonary benign or malignant diseases 

1. Cancer diagnosis/staging 
VATS has also been established as an essential 

minimally invasive diagnostic tool for lung cancer 
staging and substaging. It has the benefits of histo-
logical and molecular staging (Sihoe and Yim, 2004). 
Traditionally, CT is the most sensitive method to 
detect the lung nodule, and spiral CT can detect sub-
centimeter pulmonary nodules (SCPNs) requiring 
further diagnostic workup. Bronchoscopic or needle 
biopsy of the majority of SCPNs is not practical. 
VATS is possible for SCPNs but should be performed 
in a controlled manner to reduce the resection of be-
nign lesions (Miller, 2002). The SCPN management 
algorithm was also shown in this paper (Whyte, 2001). 
In North America they still preferred mediastino-
scopy, and VATS was used only in selected cases 
(Whyte, 2001). 

Although VATS has been shown to be highly 
successful in the diagnosis of lung lesions, it remains 
an operative procedure requiring general anesthesia 
and hospital stay, and thus needs inherent cost for 
training and equipment (Moffatt et al., 2002). 

Increasing use of neoadjuvant treatment in the 
surgical management of lung cancer has rendered 
initial staging more important. Conventional modes 
of staging, including CT, bronchoscopy, and even 
mediastinoscopy, lack diagnostic accuracy in the 
evaluation of mediastinal nodal metastases. Conse-
quently, the diagnosis of lung cancer by combined 
video-assisted mediastinoscopy and thoracoscopy 
should be considered. 

2. Minor lung resection 
Limited resection for the diagnosis of SCPN has 

been described in above (Miller, 2002). Some series 
reported that limited resection (wedge or segmen-
tectomy) may yield good long-term outcome in se-
lected cases, as does lobectomy, but still has no strong 
evidence for publication. VATS is less invasive and 
has compatible effectiveness in the treatment of Stage 
I non-small cell lung cancer (NSCLC) (Endo et al., 
2003). 

3. Major lung resection 
There is still much debate on the role of VATS in 

major lung resection, especially for the treatment of 
lung cancer. Kaseda and Aoki (2002) reported their 
10-year experience in VATS lobectomy for Stage I 
lung cancer, with 97.2% 8-year survival rate for Stage 
IA lung cancer, better than outcomes by thoracotomy. 
VATS lobectomy for lung cancer has the benefits of 
less pain, shorter hospital stay, less inflammatory 
response and better long term functional level (ex-
tremity movement) (Swanson and Batirel, 2002). 
However, the survival advantage needs further Phase 
III trial. 

Minimal invasive surgery still has its drawbacks 
and limitations in the treatment of cancer. Questions 
on the role of VATS in the treatment of lung cancer 
include the training, cost containment, and on-
cological aspects. Limited resections are avoided 
when possible because of higher recurrence rates and 
potentially worse long-term survival (Korst and 
Ginsberg, 2001). VATS is usually considered in pa-
tients with Stage I NSCLC. Although characterized 
be less pain and faster recovery, the acceptance of 
VATS is variable. The absolute indications of VATS 
for lung cancer have yet to be defined (Russo, 2002). 
Tumor recurrence over the port site has never been 
reported, however, the risk would not be higher than 
patients undergoing pulmonary resection through 
standard thoracotomy (Parekh et al., 2001).  
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VATS lobectomy can be performed through 
utility minithoracotomy, as were presented in previ-
ous literature (Solaini et al., 2001; Nomori et al., 
2001). Pulmonary hilar dissection can be performed 
sequentially (Solaini et al., 2001; Nomori et al., 2001) 
or stapled simultaneously (Lewis et al., 1999). There 
were less than 10% of patients who needed converting 
to standard thoracotomy. The operation time halved 
after 10-year training and the complication rate 11% 
less than thoracotomy (Solaini et al., 2001). The 
5-year survival rate for the Stage IA lung cancer was 
over 90%.  
 
In esophageal diseases 

1. Esophagectomy  
Thoracoscopic esophagectomy has been de-

scribed in (Gossot et al., 1992). This treatment for 
malignancy may have some benefits, such as less 
pain and better preservation of pulmonary function 
postoperatively (McAnena et al., 1994; Akaishi et al., 
1997). However, these have not been widely ac-
cepted. Although neoadjuvant therapy has been de-
veloped in recent years for the new modality of 
treatment for some esophageal carcinomas, complete 
surgical resection is still regarded as the best treat-
ment providing the best chance for cure. Thus tradi-
tional transthoracic esophagectomy is undoubtedly 
the first choice because it provides good exposure 
that makes extended lymphadnectomy, which has 
been proved with longer survival by better locore-
gional control, easier to perform (Collard et al., 1993; 
Dexter et al., 1996). The problems of transthoracic 
esophagectomy include significant postoperative 
pain and pulmonary complications, which increase 
the morbidity and prolong hospital stay (Dexter et al., 
1996; Nagawa et al., 1994; Lee and Miller, 1997). 
Thus transhiatal esophagectomy, which can remove 
the esophagus without the use of esophagectomy, has 
gained popularity in some series. However, it is not 
accepted as a curative treatment because it dissected 
the paraesophageal lymph nodes only. Moreover, it is 
a blinded procedure, and so has higher surgical 
complications such as bleeding or tracheo-bronchial 
tree injuries (DePaula et al., 1995; Luketich et al., 
1998a).  

In this respect, VATS approach offers an inter-
esting alternative, with the advantages of transhiatal 
or transthoracic approaches (Akaishi et al., 1996; 

Cuschieri et al., 1992). The techniques of 
esophagectomy and reconstruction include laparo-
scopic transhiatal esophagectomy, thoracoscopic and 
laparoscopic esophagectomy, and laparoscopic 
gastric mobilization with right mini-thoracotomy 
(Luketich et al., 1998b; Law et al., 1997; Nguyen et 
al., 1999). According to some reported series (Dexter 
et al., 1996; Law et al., 1997), the survival rate for 
patients with esophageal carcinoma undergoing 
VATS esophagectomy has results similar to those for 
patients undergoing transthoracic esophagectomy. 
However, some other series reported that the pul-
monary complications cannot be effectively de-
creased by using VATS approach (Nagawa et al., 
1994; Robertson et al., 1996; Gossot et al., 1995). 
Therefore the interest in VATS esophagectomy seems 
to decline throughout the USA and Europe, but is still 
actively tried in some series in Japan and Asia 
(Akaishi et al., 1996).    

2. Anti-reflux surgery  
Gastroesophageal reflux disease (GERD) can 

result in many complications, such as esophageal 
inflammation, ulceration, stricture or Barrett’s 
esophagus (a type of pre-malignancy change). The 
role of surgery in the management of GERD has be-
come more important after the application of laparo-
scopic techniques to antireflux operations (Wu et al., 
1996; Pitcher et al., 1994; Sataloff et al., 1997). 
VATS was rarely applied in the treatment of GERD. 

3. Myotomy for achalasia   
Achalasia of the esophagus, characterized by a 

long history of dysphagia, regurgitation of undigested 
food and weight loss, is caused by inadequate lower 
esophageal sphincter (LES) relaxation. Several 
treatments can be chosen, such as medical (calcium 
entry blocker or botulinum toxin) treatment, balloon 
dilatation, and surgery (myotomy). Myotomy can be 
performed by thoracoscopic or laparoscopic approach 
(Pelligrini et al., 1993; Shimi et al., 1991; Hunter et 
al., 1997). The latter has some advantages, such as 
easier in anesthesia and surgical approach. Moreover, 
the myotomy can be clearly extended into the stom-
ach and antireflux procedure can be easily performed 
by laparoscopic approach (Shimi et al., 1991; Hunter 
et al., 1997). VATS myotomy is reserved for patients 
who have diffuse esophageal motor disorders or re-
current symptoms after laparoscopic procedures 
(Pelligrini et al., 1993).   
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In mediastinal lesions 
1. VATS approaches to thymus 
(1) For Myasthenia Gravis (MG): There exist 

some controversies over the optimal treatment of MG. 
The choices of surgical approach for thymectomy 
include median sternotomy with or without a trans-
verse cervical extension, partial sternotomy, transcer-
vical or VATS approach. Some series advocated 
maximal thymectomy (Jaretzki et al., 1988), which 
remove not only the thymus but also anterior medi-
astinal fat in front of the phrenic nerve. However, the 
clinical improvement was not significantly better than 
the conventional trans-sternal or transcervical ap-
proach (Cooper et al., 1987). The VATS approach for 
thymectomy result in significantly less pain and lower 
analgesic requirement, as well as shorter hospital stay 
and cosmetically better wound (Yim et al., 1995). The 
VATS thymectomy for MG showed no significant 
difference in clinical improvement from the series 
performing trans-sternal thymectomy (Cooper et al., 
1987; Mack et al., 1996; Kay et al., 1994). There are 
also controversies over the techniques of VATS ap-
proach. Some series advocated left-sided approaches 
(Mineo et al., 1996) but some other series approached 
through the right side (Mineo et al., 1997; Yim, 1997). 
The goal of VATS approach for MG is to remove the 
thymus and the anterior mediastinal tissue completely, 
and which side to approach depends on the surgeon’s 
preference.  

(2) For thymoma: VATS approach for thymoma 
is still limited to patients with Masaoka Stage I (well 
encapsulate) tumors (Landreneau et al., 1992a). The 
ultimate concern for the treatment of thymoma is the 
complete resection of the mass and the thymus, in-
stead of the methods of approach.  

2. VATS approaches to posterior mediastinum   
Many reports documented that VATS can be 

used safely in the diagnosis and treatment of posterior 
medicastinal lesions, such as neurogenic tumors, 
mediastinal cysts, esophageal leiomyomata, and 
paravertebral abscesses (Bardini et al., 1992; 
Bousamra et al., 1996; DeCamp et al., 1995). There 
are several important considerations before perform-
ing VATS for posterior mediastinal masses. At first, 
the chest CT scan has to be reviewed to exclude in-
traspinal involvement (the “dumbbell tumor”). All 
dumbbell lesions had to be evaluated by the neuro-
geons. Then, the possibility of lymphoma should be 

excluded, in which fine needle biopsy should be first 
considered. Last of all, the possibilities of pheo-
chromocytoma or ganglioneuroblastoma should be 
excluded. These lesions rarely appeared in adults, and 
the release of catecholamine intraoperatively might 
result in severe problems. After exclusion of the 
above conditions, VATS can be safely performed for 
the resection of posterior mediastinal masses (Heltzer 
et al., 1995; Hazelrigg et al., 1993a; Liu et al., 2000a).  
 
VATS in chest trauma 

VATS plays a definitive role in the diagnosis and 
treatment of thoracic trauma. VATS can be indicated 
in patients with hemodynamically stable acute or 
retained hemothorax, empyema, diapharagmatic in-
juries, chylothorax, foreign body removal and treat-
ment of persistent air leakage from lung parenchyma 
(Aram et al., 1997; Bartek et al., 1996; Graeber and 
Jones, 1993; Graham et al., 1994; Heniford et al., 
1997; Liu et al., 1997b). However, it is contraindi-
cated in patients with unstable hemodynamics, major 
airway injury, massive hemorrhage or inability to 
tolerate one lung ventilation (Jones et al., 1981; 
Lang-Lazdunski et al., 1997; Smith et al., 1993).  
 
VATS in sympathectomy or splanchnicectomy 

VATS upper thoracic sympathectomy is applied 
most commonly in patients with palmar (T2 and T3) 
or axillary (T4) hyperhidrosis, followed by Ray-
naud’s syndrome or Buerger’s disease of the upper 
limb (Byrne et al., 1993; Drott and Claes, 1996; Lau 
and Cheng, 1997). VATS lower thoracic sympa-
thectomy or splanchnicectomy, which should be first 
and mainly performed on the left side, is indicated in 
patients with intractable upper abdominal pain from 
malignancy or pancreatitis (Noppen et al., 1998). 
VATS upper sympathectomy should be reserved for 
patients with severe hyperhidrosis and refractory to 
other treatments, because the incidence of compen-
satory sweating, a troublesome complication, is ex-
traordinarily high (Andrews and Rennie, 1997; Herb-
st et al., 1994).  

 
 

VATS, FUTURE PERSPECTIVES 
 

VATS, although widely applied, still has some 
difficulties for surgeons because of the loss of 3D 
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vision, sense of touch and dexterity. A number of 
systems, such as telepresence operation systems have 
been developed to solve these problems by increasing 
the dexterity, adding motion tracking and filtering 
tremor motions (Satava, 1995; Hill et al., 1998; Gar-
cia-Rutz et al., 1997). It can also be applied in the 
field of surgical education that students can perform 
VATS surgery by using virtual reality surgical simu-
lators, instead of the real patients (Playter and Raibert, 
1997; Delp et al., 1997). The challenge of applying 
these techniques in the human body is far more dif-
ficult than their uses in other industries. Nonetheless, 
we believe that these obstacles will be surmounted in 
the near future.  
 
 
VATS, COST ANALYSIS 
 

Regarding the cost analysis of VATS versus 
thoracotomy, many factors should be considered, 
such as selection criteria for VATS, general hospital 
charges, operative cost of equipment and disposables, 
operative time and room charges, postoperative mor-
bidity or mortality, duration of chest tube drainage 
and length of stay, outpatient management, long-term 
benefits or complications (van Schil, 2003). The cost 
of equipment and disposables is higher for VATS. 
However, VATS may result in more rapid recovery 
and shorter hospital stay (Liu et al., 2000b). So far 
there is still lack of prospective randomized study to 
compare the cost differences between VATS and 
thoracotomy in certain procedure. Some retrospective 
or non-randomized studies revealed different results 
in various thoracic surgical procedures, such as lung 
biopsy, wedge resection of lung, pneumothorax, lung 
volume reduction surgery or lung cancer (Molin et al., 
1994; Hazelrigg et al., 1993b; Sugi et al., 1998; Crisci 
and Coloni, 1996; Kim et al., 1996; Ko and Waters, 
1998). In conclusion, procedure related costs of 
VATS are higher but the benefits have not been 
clearly demonstrated.  
 
 
CONCLUSION 
 

The development of thoracoscopy has almost 
one-hundred years of history. It was not widely ap-
plied in surgery until the video-assisted devices were 
incorporated in the last two decades. At present, most 

basic and many advanced thoracic surgical proce-
dures can be performed by VATS, with smaller 
wounds, less pain, shorter hospital stay, and with as 
good outcomes compared with conventional surgery. 
It is believed that there will be more and more surgical 
procedures being performed by VATS. However, 
surgeons should keep in mind that VATS is only a 
method, instead of the goal, of the treatment. And thus 
conversion to open procedures should be done with-
out hesitation if patients’ life safeties were threatened 
or oncological principles were compromised.  
 
References  
Abdala, O.A., Levy, R.R., Tibiloni, R.H., Viso, H.D., de Souza, 

M., Satler, V.H., 2001. Advantages of video assisted 
thoracic surgery in the treatment of spontaneous 
pneumothorax. Medicina, 61:157-160. 

Akaishi, T., Kaneda, I., Higuchi, N., Higuchi, N., Kuriya, Y., 
Kuramoto, J., Toyoda, T., Wakabayashi, A., 1996. Tho-
racoscopic en bloc total esophagectomy with vertical 
mediastinal lymphadenectomy. J. Thorac. Cardiovasc. 
Surg., 112(6):1533-1541.  [doi:10.1016/S0022-5223(96) 
70012-0] 

Akaishi, T., Miyazaki, S., Miyata, G., 1997. Thoracoscopic 
Esophagectomy with Extended Mediastinal Lym-
phadenectomy as a Standard Surgical Treatment for 
Esophageal Cancer. In: Topuzlu, C., Tekant, Y. (Eds.), 
Joint Euro Asian Congress of Endoscopic Surgery. 
Monduzzi Editore, Bologna, p.7. 

Andrews, B.T., Rennie, J.A., 1997. Predicting changes in the 
distribution of sweating following thoracoscopic sympa-
thectomy. Br. J. Surg., 84(12):1702-1704.  [doi:10.1046/ 
j.1365-2168.1997.02821.x] 

Andrivet, O., Djedaini, K., Teboul, J.L., 1995. Spontaneous 
pneumothorax comparison of thoracic drainage vs im-
mediate or delayed needle aspiration. Chest, 
108:335-339. 

Aram, K.V., Grover, F.L., Richardson, J.D., 1997. Post trau-
matic empyema. Ann. Thorac. Surg., 23:254-258. 

Bardini, R., Segalin, A., Ruol, L.A., Pavanello, M., Peracchia, 
A., 1992. Videothoracoscopic enucleation of esophageal 
leiomyoma. Ann. Thorac. Surg., 54:576. 

Bartek, J.P., Grasch, A., Hazelrigg, S.R., 1996. Thoracoscopic 
retrieval of foreign bodies after penetrating injuries of the 
thorax. Dis. Chest, 12:330-335. 

Bayes, A.J., Wilson, J.A.S., Chiu, R.C.J., 1987. Clagett open 
window thoracostomy in patients with empyema who had 
and had not undergone pneumonectomy. Can. J. Surg., 
30:329-331. 

Belani, C., Pajean, T., Bennett, C., 1998. Treating malignant 
pleural effusions cost consciously. Chest, 113:78S-85S. 

Berber, E., Siperstein, A.E., 2001. Understanding and opti-
mizing laparoscopic videosystems. Surg. Endosc., 
15(8):781-787.  [doi:10.1007/s004640000391] 

Bouros, D., Antoniou, K.M., Chalkiadakis, G., Drositis, J., 



Luh et al. / J Zhejiang Univ SCIENCE B   2006 7(2):118-128 125

Petrakis, I., Siafakas, N., 2002. The role of video-assisted 
thoracoscopic surgery in the treatment of parapneumonic 
empyema after the failure of fibrinolytics. Surg. Endosc., 
16(1):151-154.  [doi:10.1007/s00464-001-9028-3] 

Bousamra, M., Hassler, G.B., Patterson, G.A.,  Roper, C.L., 
1996. A comparative study of thoracoscopic vs open re-
moval of benign neurogenic mediastinal tumors. Chest, 
109:1461. 

Burrows, C., Mathews, C., Colt, H., 2000. Predicting survival 
in patients with recurrent symptomatic malignant pleural 
effusions. Chest, 117(1):73-78.  [doi:10.1378/chest. 
117.1.73] 

Byrne, J., Walsh, T.N., Hederman, W.P., 1993. Thoracoscopic 
Sympathectomy. In: Gossot, D. (Ed.), Surgical Thoraco-
scopy. Springer, New York, p.93-98. 

Cardillo, G., Facciolo, F., Giunti, R., Gasparri, R., Copergolo, 
M., Orsetti, R., Martelli, M., 2000. Videothoracoscopic 
treatment of primary spontaneous pneumothorax: a 
6-year experience. Ann. Thorac. Surg., 69(2):357-362.  
[doi:10.1016/S0003-4975(99)01299-0] 

Casadio, C., Rena, O., Giobbe, R., Rigoni, R., Maggi, G., 
Oliaro, A., 2002. Stapler blebectomy and pleural abrasion 
by video-assisted thoracoscopy for spontaneous pneu-
mothorax. J. Cardiovasc. Surg., 43:259-262. 

Colice, G.L., Curtis, A., Deslauriers, J., Heffner, J., Light, R., 
Littenberg, B., Sahn, S., Weinstein, K.A., Yusen, R.D., 
2000. Medical and surgical treatment of parapneumonic 
effusions. An evidence-based guideline. Chest, 
118(4):1158-1171.  [doi:10.1378/chest.118.4.1158] 

Collard, J.M., Lengele, B., Otte, J.B.,  Kestens, P.J., 1993. En 
bloc and standard esophagectomies by thoracoscopy. Ann. 
Thorac. Surg., 56:675-679. 

Cooper, J.D., AlJilahawa, A.N., Pearson, F.G., Humphrey, 
J.G., Humphrey, H.E., 1987. An improved technique to 
facilitate transcervical thymectomy for myasthenia gravis. 
Ann. NY. Acad. Sci., 505:595-606. 

Crisci, R., Coloni, G.F., 1996. Video-assisted thoracoscopic 
surgery versus thoracotomy for recurrent spontaneous 
pneumothorax. A comparison of results and costs. 
European Journal of Cardio-Thoracic Surgery, 
10(7):556-560.  [doi:10.1016/S1010-7940(96)80424-6] 

Cuschieri, A., Shimi, S., Banting, S., 1992. Endoscopic oe-
sophagectomy through a right thoracoscopic approach. J. 
R. Coll. Surg. Ednib., 37:7-11. 

Cutler, J.W., 1933. A technique and apparatus for intrapleural 
pneumolysis. Am. Rev. Tuberc., 28:528-536. 

Davies, C.W.H., Traill, Z.C., Gleeson, F.V., Davies, R.J.O., 
1999. Intrapleural streptokinase in the management of 
malignant multiloculated pleural effusions. Chest, 
115(3):729-733.  [doi:10.1378/chest.115.3.729] 

DeCamp, M.M.Jr., Jakitsch, M.T., Mentzer, S.J., Harpole, 
D.H.Jr., Sugarhaker, D.J., 1995. The safety and versatility 
of video-thoracoscopy: a prospective analysis of 895 
consecutive cases. J. Am. Coll. Surg., 181:113-120. 

Delp, S.L., Loan, P., Cagatay, B., Rosen, J., 1997. Surgical 
simulation, an emerging technology for training in 
emergency medicine. Presence, 6:147-159. 

DePaula, A.L., Hashiba, K., Ferreira, E.A.B., DePaula, R.A., 
Grecco, E., 1995. Thanshiatal Approach for Esophagec-
tomy. In: Toouli, J., Gossot, D., Hunter, J.G. (Eds.), End- 
osurgery. Churbhill Livingstone, New York, p.293-299. 

Dexter, S.P., Martin, I.G., McMahon, M.J., 1996. Radical 
thoracoscopic esophagectomy for cancer. Surg. Endosc., 
10(2):147-151.  [doi:10.1007/s004649910034] 

Drott, C., Claes, G., 1996. Hyperhidrosis treated by thoraco-
scopic sympathectomy. Cardiovasc. Surg., 4(6):788-791.  
[doi:10.1016/S0967-2109(96)00048-8] 

Endo, C., Sagawa, M., Sakurada, A., Sato, M., Kondo, T., 
Fujimura, S., 2003. Surgical treatment of stage I 
non-small cell lung carcinoma. Annals. Thorac. Cardio-
vasc. Surg., 9:283-289. 

Erasmus, J., Patz, E., 1999. Treatment of malignant pleural 
effusions. Curr. Opin. Pulmon. Med., 5(4):250-255.  
[doi:10.1097/00063198-199907000-00013] 

Erasmus, J., Goodman, P., Patz, E., 2000. Management of 
malignant pleural effusions and pneumothorax. Radiol. 
Clin. North. Am., 38(2):375-383.  [doi:10.1016/S0033- 
8389(05)70168-8] 

Garcia-Rutz, A., Smediria, N.G., Loop, F.D., Hahn, J.F., 
Miller, J.H., Steiner, C.P., Gagner, M., 1997. Robotic 
surgical instruments for dexterity enhancement in thora-
coscopic coronary arterial bypass graft. Laparoendosco. 
Adv. Surg. Tech., 7:5-7. 

Gates, R.L., Caniano, D.A., Hayes, J.R., Arca, M.J., 2004. 
Does VATS provide optimal treatment of empyema in 
children? A systemic review. J. Pediatr. Surg., 39(3): 
381-386.  [doi:10.1016/j.jpedsurg.2003.11.045] 

Gossot, D., Debiolles, H., Ghnassia, M.D., Chourrout, Y., 
Celerier, M., Revillon, Y., 1992. Surgery of the esopha-
gus under thoracoscopy. Study of feasibility. Biol. Gas-
troenterol. Clin. Biol., 16:325-327. 

Gossot, D., Cattan, P., Fritsch, S., Halimi, B., Sarfati, E., 
Celerier, M., 1995. Can the morbidity of oesophagectomy 
be reduced by the thoracoscopic approach? Surg. Endosc., 
9(10):1113-1115.  [doi:10.1007/BF00188998] 

Graeber, G.M., Jones, D.R., 1993. The role of thoracoscopy in 
thoracic trauma. Ann. Thorac. Surg., 56:646-648. 

Graham, D.D., McGahren, E.D., Tribble, C.G., Tribble, C.G., 
Daniel, T.M., Rodgers, B.M., 1994. Use of video-assisted 
thoracic surgery in the treatment of chylothorax. Ann. 
Thorac. Surg., 57:1507-1511. 

Gregoire, R., Deslauriers, J., Beaulieu, M., Piraux, M., 1987. 
Thoracoplasty: its forgotten role in the management of 
nontuberculous postpneumonectomy empyema. Can. J. 
Surg., 30:343-345. 

Hatz, R.A., Kaps, M.F., Meimarakis, G., Loehe, F., Muller, C., 
Fürst, H., 2000. Long term results after video assisted 
thoracoscopic surgery for first time and recurrent spon-
taneous pneumothorax. Ann. Thorac. Surg., 70(1): 
253-257.  [doi:10.1016/S0003-4975(00)01411-9] 

Hazelrigg, S.R., Nunchuch, S.K., LoCicero, J., 1993a. Video 
assisted thoracic surgery study group data. Ann. Thorac. 
Surg., 56:1039-1044.  [doi:10.1016/0003-4975(95) 
90011-X] 



Luh et al. / J Zhejiang Univ SCIENCE B   2006 7(2):118-128 126

Hazelrigg, S.R., Nunchuck, S.K., Landreneau, R.J., Mack, 
M.J., Maunheim, K.S., Seifert, P.E., Auer, J.E., 1993b. 
Cost analysis for thoracoscopy: thoracoscopic wedge re-
section. Ann. Thorac. Surg., 56:633-635. 

Heltzer, J.M., Krasna, M.J., Aldrich, F., McLaughlin, J.S., 
1995. Thoracoscopic excision of a posterior mediastinal 
dumbbell tumor using combined approach. Ann. Thorac. 
Surg., 60(2):431.  [doi:10.1016/0003-4975(95)00165-H] 

Heniford, B.T., Carillo, E.H., Spain, D.A., Sosa, J.L., Fulton, 
R.L., Richardson, J.D., 1997. The role of thoracoscopy in 
the management of retained thoracic collections after 
trauma. Ann. Thorac. Surg., 63(4):940-943.  [doi:10.1016/ 
S0003-4975(97)00173-2] 

Herbst, F., Plas, E.G., Fugger, R., Fritsch, A., 1994. Endo-
scopic thoracic sympathectomy for primary hyperhidrosis 
of the upper limbs. A critical analysis and long term re-
sults of 480 operations. Ann. Surg., 220:86-90. 

Hill, J.W., Holst, P.A., Jessen, J.F., Goldman, J., Gorfu, Y., 
Ploeger, D.W., 1998. Telepresence interface with appli-
cations to microsurgery and surgical simulation. Stud. 
Health Technol. Inform., 50:90-102. 

Hoover, E.L., Hsu, H.K., Ross, M.J., 1986. Reappraisal of 
empyema thoracis: surgical intervention when the dura-
tion of illness is unknown. Chest, 90:511-515. 

Horio, H., Nomori, H., Kobayashi, R., Naruke, T., Suemasu, 
K., 2002. Impact of additional pleurodesis in 
video-assisted thoracoscopic bullectomy for primary 
spontaneous pneumothorax. Surg. Endosc., 16:630-634.  
[doi:10.1007/s00464-001-8232-5] 

Hsieh, M.J., Liu, H.P., Wu, Y.C., Liu, Y.H., Lin, P.J., 2000. 
Catamenial hemoptysis: report of a case treated with 
thoracoscopic wedge resection. Chang Gung Med. J., 
23:427-431. 

Hunter, J.G., Trus, T.L., Branum, G.D., Waring, J.P., 1997. 
Laparoscopic Heller myotomy and fundoplication for 
achalasia. Ann. Surg., 225(6):655-668.  [doi:10.1097/ 
00000658-199706000-00003] 

Jacco, A.C.Z., Henk, E.J., Sinninghe, D., Peter, J.H.S., 2000. 
Video-assisted thoracoscopic introduction of talc in the 
treatment of recurrent spontaneous pneumothorax. Eur. J. 
Surg., 166:283-285. 

Jacobaeus, H.C., 1910. Ueber die Moglichkeit die Zystoskopie 
bei Untersuchung seroser Honlungen anzuwenden. 
Munchen. Med. Wchenschr., 57:2090-2092. 

Jacobaeurs, H.C., 1923. The cauterization of adhesions in 
artificial pneumothorax treatment of pulmonary tuber-
culosis under thoracoscopic control. Arch. Radiol. 
Electrotherapy, 28:97-105. 

Jaretzki, A., Penn, A.S., Younger, D., Wolff, M., Olarte, M.R., 
Lovelace, R.E., Rowland, L.P., 1988. “Maximal” thy-
mectomy for myasthenia gravis. J. Thorac. Cardiovasc. 
Surg., 95:747-757. 

Jones, J.W., Kitahama, A., Webb, W.R., McSwain, N., 1981. 
Emergency thoracoscopy: a logical approach to chest 
trauma management. J. Trauma., 21:280-284. 

Kaiser, C.R., Daniel, T.M., 1993. Thoracoscopic Surgery. 
Little Brown, Boston. 

Kaseda, S., Aoki, T., 2002. Video-assisted thoracic surgical 
lobectomy in conjunction with lymphadenectomy for 
lung cancer. J. Japan Surgical Society, 103:717-721. 

Kay, R., Lam, S., Wong, K.S., Wang, A., Ho, J., 1994. Re-
sponses to thymectomy in Chinese patients with myas-
thenia gravis. J. Neurol. Sci., 126(1):84-87.  [doi:10.1016/ 
0022-510X(94)90098-1] 

Kim, K.H., Kim, H.K., Han, J.Y., Kim, J.T., Wen, Y.S., Choi, 
S.S., 1996. Transaxillary minithoracotomy versus 
video-assisted thoracic surgery for spontaneous pneu-
mothorax. Ann. Thorac. Surg., 61(5):1510-1512.  
[doi:10.1016/0003-4975(96)00113-0] 

Klena, J.W., Cameron, B.H., Langer, J.C., Winthrop, A.L., 
Perez, C.R., 1998. Timing of video-assisted thoraco-
scopic debridment for pediatric empyema. J. Am. Coll. 
Surg., 187(4):404-408.  [doi:10.1016/S1072-7515(98) 
00190-2] 

Ko, C.Y., Waters, P.F., 1998. Lung volume reduction surgery: 
a cost and outcomes comparison of sternotomy versus 
thoracoscopy. Ann. Surg., 64:1010-1013. 

Korom, S., Canyurt, H., Missbach, A., Schneiter, D., Kurrer, 
M.O., Haller, U., Keller, P.J., Furrer, M., Weder, W., 
2004. Catamenial pneumothorax revisited: clinical ap-
proach and systemic review of the literature. J. Thorac. 
Cardiovasc. Surg., 128(4):502-508.  [doi:10.1016/j.jtcvs. 
2004.04.039] 

Korst, R.J., Ginsberg, R.J., 2001. Appropriate surgical treat-
ment of respectable non-small-cell lung cancer. World J. 
Surg., 25(2):184-188.  [doi:10.1007/s002680020017] 

Krasna, M.J., Mack, M.J., 1994. Atlas of Thoracoscopic Sur-
gery. Quality Medical Publishing, St. Louis. 

Landreneau, R.J., Dowling, R.D., Castillo, W.M., Ferson, P.F., 
1992a. Thoracoscopic resection of an anterior mediastinal 
tumor. Ann. Thorac. Surg., 54:142-144. 

Landreneau, R.J., Mack, M.J., Hazelrigg, S.R., Dowling, R.D., 
Acuff, T.E., Magee, M.J., Ferson, P.F., 1992b. 
Video-assisted thoracic surgery. Basic technical concepts 
and intercostals approach strategies. Ann. Thorac. Surg., 
54:800-807. 

Landreneau, R.J., Keenan, R.J., Hazelrigg, S.R., 1995. Tho-
racoscopy for empyema and hemothorax. Chest, 
109:18-24. 

Lang-Lazdunski, L., Mouroux, J., Pons, F., Grosdidier, G., 
Martinod, E., Elkaim, D., Azorin, J., Jancovici, R., 1997. 
The role of videothoracoscopy in the chest trauma. Ann. 
Thorac. Surg., 63(2):327-333.  [doi:10.1016/S0003-4975 
(96)00960-5] 

Lau, H., Cheng, S.W., 1997. Burger’s disease in Hong Kong: a 
review of 89 cases. Aust. NZ. Surg., 67:264-269. 

Law, S., Fok, M., Chu, K.M., Wong, J., 1997. Thoracoscopic 
esophagectomy for esophageal cancer. Surgery, 
122(1):8-14.  [doi:10.1016/S0039-6060(97)90257-9] 

Lee, R.B., Miller, J.I., 1997. Esophagectomy for cancer. Surg. 
Clin. NA, 77:1169-1196. 

Lemmer, J.H., Botham, M.J., Orringer, M.B., 1987. Modern 
management of adult thoracic empyema. J. Thorac. Car-
diovasc. Surg., 94:414-418. 



Luh et al. / J Zhejiang Univ SCIENCE B   2006 7(2):118-128 127

Lewis, R.J., Caccavale, R.J., Boccage, J.P., Widmann, M.D., 
1999. Video assisted thoracic surgical non-rib spreading 
simultaneously stapled lobectomy. Chest, 116(4): 
1119-1124.  [doi:10.1378/chest.116.4.1119] 

Light, R.W., 2000. Management of pleural effusions. J. For-
mos. Med. Assoc., 99:523-531. 

Liu, H.P., Chang, C.H., Lin, P.J., Hsieh, M.J., 1997a. Thora-
coscopic loop ligation of parenchymal blebs and bullae: is 
it effective and safe? J. Thorac. Cardiovasc. Surg., 
113(1):50-54.  [doi:10.1016/S0022-5223(97)70398-2] 

Liu, D.W., Liu, H.P., Lin, P.J., Chang, C.H., 1997b. 
Video-assisted thoracic surgery in treatment of chest 
trauma. J. Trauma., 42:670-674. 

Liu, H.P., Yim, A.P., Izzat, M.B., Lin, P.J., Chang, C.H., 1999. 
Thoracoscopic surgery for spontaneous pneumothorax. 
World J. Surg., 23(11):1133-1136.  [doi:10.1007/ 
s002689900636] 

Liu, H.P., Yim, A.P., Wan, J., Chen, H., Wu, Y.C., Liu, Y.H., 
Lin, P.J., Chang, C.H., 2000a. Thoracoscopic removal of 
intrathoracic neurogenic tumors: a combined Chinese 
experience. Ann. Surg., 232:187-190.  [doi:10.1097/ 
00000658-200008000-00006] 

Liu, H.P., Wu, Y.C., Liu, Y.H., Hsieh, M.J., Cheng, K.S., Chu, 
J.J., Lin, P.J., 2000b. Cost-effective approach of 
video-assisted thoracic surgery: 7 years experience. 
Chung Gung Med. J., 23:405-412. 

Liu, H.P., Hsieh, M.J., Lu, H.I., Liu, Y.H., Wu, Y.C., Lin, P.J., 
2002. Thoracoscopic-assisted management of 
postpneumonic empyema in children refractory to medi-
cal response. Surg. Endosc., 16(11):1612-1614.  
[doi:10.1007/s00464-001-8293-5] 

Loubani, M., Lynch, V., 2000. Video assisted thoracoscopic 
bullectomy and acromycin pleurodesis: an effective 
treatment for spontaneous pneumothorax. Resp. Med., 
94(9):888-890.  [doi:10.1053/rmed.2000.0862] 

Luh, S.P., Lee, Y.C., Lee, J.M., Lee, C.J., 1996. Videothora-
coscopic treatment of spontaneous pneumothorax. Int. 
Surg., 81:336-338. 

Luh, S.P., Tsai, T.P., Chou, M.C., Yang, P.C., Lee, C.J., 2004. 
Video-assisted thoracic surgery for spontaneous pneu-
mothorax : outcome of 189 cases. Int. Surg., 89:185-189. 

Luh, S.P., Chou, M.C., Wang, L.S., Chen, J.Y., Tsai, T.P., 
2005. Video-assisted thoracoscopic surgery in the treat-
ment of complicated parapneumonic effusions or em-
pyemas, outcome of 234 patients. Chest, 127(4): 
1427-1432.  [doi:10.1378/chest.127.4.1427] 

Luketich, J.D., Nguyen, N.T., Schauer, P.R., 1998a. Laparo-
scopic transhiatal esophagectomy for Barrett’s esophagus 
with high grade dysplasia. JSLS, 2:75-77. 

Luketich, J.D., Nguyen, N.T., Weigel, T.L., Ferson, P.F., 
Keenan, R.J., Schauer, P.R., 1998b. The role of laparo-
scopy and video assisted thoracoscopy in esophagectomy. 
Surg. Endosc., 12:554. 

Mack, M.J., Aronoff, R.J., Acuff, T.E., Douthit, M.B., Bow-
man, R.T., Ryan, W.H., 1992. Present role of thoraco-
scopy in the diagnosis and treatment of diseases of the 
chest. Ann. Thorac. Surg., 54:403-409. 

Mack, M.J., Landreneau, R.J., Yim, A.P., Hazelrigg, S.R., 
Scruggs, G.R., 1996. Results of VATS thymectomy in 
patients with myasthenia gravis. J. Thorac. Cardiovasc. 
Surg., 112(5):1352-1360.  [doi:10.1016/S0022-5223(96) 
70151-4] 

Mandal, A.K., Thadepalli, H., 1987. Treatment of spontaneous 
bacterial empyema thoracis. J. Thorac. Cardiovasc. Surg., 
94:414-418. 

Marthay, R.A., Coppage, L., Shaw, C., Filderman, A.E., 1990. 
Malignancies metastatic to the pleura. Invest. Radiol., 
25:601-619. 

Martínez-Moragón, E., Aparicio, J., Sanchis, J., Menéndez, R., 
Cruz Rogado, M., Sanchis, F., 1998. Malignant pleural 
effusion: prognostic factors for survival and response to 
chemical pleurodesis in a series of 120 cases. Respiration, 
65:108-113.  [doi:10.1159/000029240] 

McAnena, O.J., Rogers, J., Williams, N.S., 1994. Right tho-
racoscopically assisted oesophagectomy for cancer. Br. J. 
Surg., 81:236-238. 

Miller, D.L., 2002. Management of the subcentimeter pul-
monary nodule. Seminars in Thoracic. & Cardiovasc. 
Surg., 14:281-285. 

Miller, D.L., Allen, M.S., Trastek, V.F., Deschamps, C., 
Pairolero, P.C., 1992. Videothoracoscopic wedge exci-
sion of the lung. Ann. Thorac. Surg., 54:410-414. 

Mineo, T.C., Pompeo, E., Ambrogi, V., Sabato, A.F., Bernardi, 
G., Casciani, C.U., 1996. Adjuvant pneumomediastinum 
in thoracoscopic thymectomy in myasthenia gravis. Ann. 
Thorac. Surg., 62(4):1210-1212.  [doi:10.1016/0003-4975 
(96)00537-1] 

Mineo, T.C., Pompeo, E., Ambrogi, V., 1997. Video-assisted 
thoracoscopic thymectomy: from the right or from the left? 
J. Thorac. Cardiovasc. Surg., 114:517. 

Moffatt, S.D., Mitchell, J.D., Whyte, R.I., 2002. Role of 
video-assisted thoracoscopic surgery and classic thora-
cotomy in lung cancer management. Curr. Opin. Pul. 
Med., 8(4):281-286.  [doi:10.1097/00063198-200207000- 
00007] 

Molin, L.J., Steinburg, J.B., Lanza, L.A., 1994. VATS in-
creases costs in patients undergoing lung biopsy for in-
terstitial lung disease. Ann. Thorac. Surg., 58:1595-1598. 

Mulder, D.S., 1993. Thoracoscopy in Europe: views from 
North America. Ann. Thorac. Surg., 56:731-733. 

Nagawa, H., Kobbori, O., Muto, T., 1994. Prediction of pul-
monary complications after transthoracic oesophagec-
tomy. Br. J. Surg., 81:860-862. 

Neild, J.E., Eykyn, S.J., Philips, L., 1985. Lung abscess and 
empyema. J. Med., 57:875-882. 

Nguyen, N.T., Schauer, R.R., Luketich, J.D., 1999. Combined 
laparoscopic and thoracoscopic approach to esophagec-
tomy. J. Am. Coll. Surg., 188(3):328-332.  [doi:10.1016/ 
S1072-7515(98)00304-4] 

Nomori, H., Horio, H., Naruke, T., Suemasu, K., 2001. What is 
the advantage of a thoracoscopic lobectomy over a lim-
ited thoracotomy procedure for lung cancer surgery? Ann. 
Thorac. Surg., 72(3):879-884.  [doi:10.1016/S0003- 
4975(01)02891-0] 



Luh et al. / J Zhejiang Univ SCIENCE B   2006 7(2):118-128 128

Noppen, M., Meysman, M., D’Hasse, J., Vincken, W., 1998. 
Thoracoscopic splanchnicolysis for the relief of chronic 
pancreatitis pain. Experience of a group og pneumonolo-
gists. Chest, 113:528-531. 

Parekh, K., Rusch, V., Bains, M., Downey, R., Ginsberg, R., 
2001. VATS port site recurrence: a technique dependent 
problem. Ann. Surg. Oncol., 8:175-178. 

Patz, E.F., 1998. Malignant pleural effusions: recent advances 
and ambulatory sclerotherapy. Chest, 113:74S-77S. 

Pelligrini, C.A., Leichter, R., Paltti, M., Somberg, K., Ostroff, 
J.W., Way, L., 1993. Thoracoscopic esophageal myotomy 
in the treatment of achalasia. Ann. Thorac. Surg., 
56:680-682. 

Pitcher, D.E., Curet, M.J., Martin, D.T., Castillo, R.R., Ger-
stenberger, P.D., Vogt, D.M., Zucker, K.A., 1994. Suc-
cessful management of severe gastroesophageal reflux 
disease with laparoscopic Nissen fundoplication. Am. J. 
Surg., 168(6):547-554.  [doi:10.1016/S0002-9610(05) 
80120-5] 

Playter, R., Raibert, M., 1997. A virtual surgery simulator 
using advanced haptic feedback. Min. Invas. Ther. Allied. 
Technol., 6:117-121. 

Ridley, P.D., Braimbridge, M.V., 1991. Thoracoscopic de-
bridment and pleural irrigation in the management of 
empyema thoracis. Ann. Thorac. Surg., 51:461-464. 

Rivas, H., Cacchione, R., Allen, J.W., 2002. Understanding 
and optimizing laparoscopic videosystems. Surg. Endosc., 
16(9):1376.  [doi:10.1007/s00464-001-8269-5] 

Robertson, G.S., Lloyd, D.M., Wicks, A.C., Veitch, P.S., 1996. 
No obvious advantages for thoracoscopic tow stage 
esophagectomy. Br. J. Surg., 83:675-678. 

Russo, A., 2002. Video assisted surgery in oncology. From 
diagnostic application to therapeutic possibilities. Mi-
nerva Chirurgica, 57:607-623. 

Sahn, S.A., 1993. Management of complicated parapneumonic 
effusions. Am. Rev. Respir. Dis., 148:813-817. 

Sahn, S.A., 1998. Malignancy metastatic to the pleura. Clin. 
Chest Med., 19(2):351-361.  [doi:10.1016/S0272- 
5231(05)70082-4] 

Sataloff, D.M., Pursnani, K., Hoyo, S., Zayas, F., Lieber, C., 
Castell, D.O., 1997. An objective assessment of laparo-
scopic antireflux surgery. Am. J. Surg., 174(1):63.  
[doi:10.1016/S0002-9610(97)00026-3] 

Satava, R.M., 1995. Visual reality and telepresence for mili-
tary medicine. Comput. Biol. Med., 25(2):229-236.  
[doi:10.1016/0010-4825(94)00006-C] 

Schoenenberger, R.A., Haefeli, W.E., Weiss, P., Ritz, R.F., 
1991. Timing of invasive procedure in therapy for pri-
mary and secondary spontaneous pneumothorax. Arch. 
Surg., 126:764-766. 

Schwaitzberg, S.D., 2001. Imaging systems in minimally 
invasive surgery. Semin. Laparosc. Surg., 8(1):3-11.  
[doi:10.1053/slas.2001.23654] 

Shimi, S., Nathanson, L.K., Cuschieri, A., 1991. Laparoscopic 
cardiomyotomy for achalasia. J. Coll. Surg. Edinb., 
36:152-154. 

 

Sihoe, A.D., Yim, A.P., 2004. Lung cancer staging. J. Surg. 
Res., 117(1):92-106.  [doi:10.1016/j.jss.2003.11.006] 

Smith, R.S., Fry, W.R., Tsoi, E.K., Morabito, D.J., Koehler, 
R.H., Reinganum, S.J., Organ, C.H.Jr., 1993. Preliminary 
report on videothoracoscopy in the evaluation and treat-
ment of thoracic injury. Am. J. Surg., 166:690-695. 

Solaini, L., Prusciano, F., Bagioni, P., DiFrancesco, F., 
BasilioPoddie, D., 2001. Video assisted thoracic surgery 
major pulmonary resections: present experience. Euro-
pean Journal of Cardio-Thoracic Surgery, 20(3):437-442.  
[doi:10.1016/S1010-7940(01)00850-8] 

Stammberger, U.Z., Steinacher, C., Hillinger, S., Schmid, R.A., 
Kinsberger, T., Weder, W., 2000. Early and long-term 
complaints following video-assisted thoracoscopic sur-
gery: evaluation in 173 patients. European Journal of 
Cardio-Thoracic Surgery, 18(1):7-11.  [doi:10.1016/ 
S1010-7940(00)00426-7] 

Sugamura, Y., Ikari, H., Morino, S., Shigemasa, Y., Hatano, K., 
Shimizu, T., Kunizaki, T., 2002. Strategy for preventing 
recurrence after video-assisted thoracoscopic surgery for 
spontaneous pneumothorax. Efficacy of talc pleurodesis 
and absorbable mesh covering. Jpn. J. Thorac. Surg., 
55:785-788. 

Sugi, K., Kaneda, Y., Nawata, K., Fujita, N., Ueda, K., Nawata, 
S., Esoto, K., 1998. Cost analysis for thoracoscopy: tho-
racoscopic wedge resection and lobectomy. Surg. Today, 
28(1):41-45.  [doi:10.1007/s005950050075] 

Swanson, S.J., Batirel, H.F., 2002. Video-assisted thoracic 
surgery (VATS) resection for lung cancer. Surg. Clin. NA, 
82(3):541-549.  [doi:10.1016/S0039-6109(02)00015-4] 

Toms, A.P., Tasker, A., Flower, C., 2000. Intervention in the 
pleura. Eur. J. Radiol., 34(2):119-132.  [doi:10.1016/ 
S0720-048X(00)00169-8] 

van Schil, P., 2003. Cost analysis of video-assisted thoracic 
surgery versus thoracotomy: critical review. Eur. Respir. 
J., 22(5):735-738.  [doi:10.1183/09031936.03.00057503] 

Viskum, K., Enk, B., 1981. Complications of thoracoscopy. 
Poumon. Coeur., 37:25-28. 

Wang, P.S., Goldstraw, P., 1993. Pleuroperitoneal shunts: 
review. Br. J. Hosp. Med., 50:16-21. 

Whyte, R.I., 2001. Advances in the staging of intrathoracic 
malignancies. World J. Surg., 25(2):167-173.  
[doi:10.1007/s002680020015] 

Wissberg, D., Ben-Zeev, I., 1993. Talc pleurodesis. Experi-
ences with 360 patients. J. Thorac. Cardiovasc. Surg., 
106:678-695. 

Wu, J.S., Dunnegan, D.L., Luttmann, D.R., Soper, N.J., 1996. 
The influence of surgical technique on clinical outcome 
of laparoscopic Nissen fundoplication. Surg. Endosc., 
10(12):1164-1170.  [doi:10.1007/s004649900271] 

Yim, A.P.C., 1997. Letter: thoracoscopic thymectomy: which 
side to approach? Ann. Thorac. Surg., 64:584. 

Yim, A.P.C., Kay, R.L.C., Ho, J.K.S., 1995. Video-assisted 
thoracoscopic thymectomy for myasthenia gravis. Chest, 
109:1255-1256. 

 


