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Original Article

Introduction
Video-assisted thoracoscopic surgery (VATS) via the tho-
racic incision has been a standardized surgical approach 
for the treatment of thoracic diseases. Although this 
approach is practical, chronic thoracic wound discomfort 
after video-assisted thoracic surgery affects 10% to 21% 
of patients,1-3 thoracoscopic surgery can be associated 
with musculoskeletal sequelae in infants and children, 
and 3% of patients were dissatisfied with scarring follow-
ing conventional VATS.4

Natural orifice transluminal endoscopic surgery 
(NOTES) was first described by Kalloo et al.5 The poten-
tial advantages of NOTES are the elimination of a con-
ventional skin incision, resulting in less postoperative 
discomfort and improved cosmesis compared with con-
ventional laparoscopic or thoracoscopic surgery.5 In 
abdominal surgery, NOTES has been used as a minimally 
invasive platform in appendectomy, cholecystectomy, 
nephrectomy, and gastrectomy. However, the advan-
tages of NOTES in abdominal surgery are currently not 

translatable to humans with thoracic diseases because a 
practical platform has not been established.6-13

A number of previous studies have shown that a uni-
port transumbilical approach is a safe and effective plat-
form in performing appendectomy, cholycystectomy, and 
nephrectomy with good cosmetic results.14-16 The aim of 
this study was to evaluate the feasibility of the transum-
bilical approach in the thoracic cavity, performing surgi-
cal lung biopsy, and pericardial window creation in a 
canine model.
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Abstract
Background. To date there are no practical platforms for performing natural orifice transluminal endoscopic surgery 
in the thoracic cavity. This study evaluates the feasibility of transumbilical thoracosopy for lung biopsy and pericardial 
window creation. Methods. Eleven dogs (6 in the nonsurvival group and 5 in the survival group) were used for 
this study. A homemade metallic tube was advanced into the abdominal cavity via a 12-mm umbilical incision. The 
metallic tube was advanced into the thoracic cavity through a subxyphoid diaphragmatic incision under video guidance. 
Access to the thoracic cavity was achieved by a flexible bronchoscope via the metallic tube. Surgical lung biopsy 
and pericardial window creation were performed using an electrocautery loop and needle knife. The animals were 
euthanized 20 minutes after the surgery was complete (nonsurvival group) or 14 days postsurgery (survival group) 
for necropsy evaluation. Results. Eight pericardial window creations and 21 of 22 preplanned lung biopsies were 
completed in a median time of 72.18 minutes (range 50-105 minutes). One dog in the nonsurvival group died after 
tension pneumothorax due to postprocedure massive air leaks. In the survival group, the postoperative period was 
uneventful in all 5 dogs. Autopsies revealed no signs of vital organ injury and complete healing of the diaphragmatic 
incision occurred in all animals. Conclusions. The study demonstrated that transumbilical thoracoscopic surgical lung 
biopsy and pericardial window creation is feasible. The safety and efficacy of the transumbilical approach need to be 
verified by a more detailed survival study.
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Methods
Eleven dogs (6 in the nonsurvival group and 5 in the sur-
vival group) were used to assess the feasibility of tran-
sumbilical thoracoscopic surgery. Preanesthesia induction 
was achieved with intramuscular injection of ketamine 
(5 mg/kg) and xylazine hydrochloride (10 mg/kg). In the 
supine position, animals were intubated with a home-
made endotracheal tube for ipsilateral lung collapse. 
General anesthesia was maintained with 2% isoflurane.

Transumbilical thoracoscopy was performed via an 
umbilical incision (12-15 mm) and a homemade metallic 
tube (9 or 12 mm) was introduced into the abdominal 
cavity under direct visualization (Figure 1). Once the sub-
xyphoid diaphragm had been identified, the diaphragm 
was incised just below the junction of diaphragm and 
subxyphoid process, using either an electrocautery knife 
or a homemade metallic knife. The diaphragmatic inci-
sion was gently dilated with a blunt tipped metallic tube 
to explore the thoracic cavity (Figure 2). Flexible bron-
choscopy (Olympus, Tokyo, Japan) was then introduced 
via the metallic tube for thoracic intervention.

For the formation of the pericardial window, a needle 
knife was used to create an opening through the anterior 

surface of the pericardium to allow direct endoscopic 
exploration of the pericardial cavity. The size of the peri-
cardial window was approximately 1 ! 1 cm2. We did not 
remove any part of the pericardium in the present study. 
With regard to the surgical lung biopsy, the predeter-
mined lung (right upper lobe, n = 7, right middle lobe, n = 
3, right lower lobe, n = 2, left upper lobe, n = 6, left lower 
lobe, n = 4) was resected using an electrocautery loop 
with the aid of endoscopic forceps via the bronchoscope 
working channel, and the specimens were removed 
through the umbilical incision. On completion of the pro-
cedure, reinflation of the lung was established and the 
resected lung margin was reinspected for air leaks. The 
animal was then sacrificed 20 minutes after completion 
of the transumbilical thoracoscopic procedure. The tho-
racic cavity was evaluated for evidence of organ injury. 
The lung biopsy and pericardial window regions were 
examined for the outcome evaluations (Figure 3).

Of the 5 animals in the survival study, reinforcement 
of the lung resected margin with endoloop ligatures was 
applied over the resected lung portion to decrease the 
likelihood of air leaks in 4 animals. The metallic tube was 
removed under the guidance of bronchoscopy following 
completion of the surgical lung biopsy. The incision over 

Figure 1. A, The homemade metal tube (9 mm), needle knife, and bronchoscope used for tranumbilical thoracic exploration 
and pericardial window creation. B, The homemade metal tube (12 mm), electrosurgical snare, the grasper, the scissor, and 
bronchoscope used for tranumbilical thoracic exploration and surgical lung biopsy. C, The needle knife operated via the 
homemade metal tube for pericardial window creation. D, The electrosurgical snare, the grasper, and the scissor, via the 
homemade metal tube for surgical lung biopsy.
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Figure 2. A, The incision at the umbilicus to approach the subxyphoid diaphragm. B, The incision on the diaphragm of the 
survival animals. C, Complete healing over the umbilical incision at autopsy. D, Complete healing over the region of diaphragmatic 
incision (white arrow) at autopsy.

Figure 3. A, Endoscopic pericardial window creation by using a needle knife. B, Endoscopic lung biopsy by using an 
electrosurgical snare. C, Pericardial cavity exploration by using a bronchoscope. D, Lung biopsy specimen.
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the diaphragm was left to heal by secondary intention. 
The animals were allowed to resume normal diet 1 day 
after surgery. The clinical performances, signs of postop-
erative infection, and other complications were closely 
monitored. Autopsy was performed on postoperative day 
14 (n = 4) and postoperative day 28 (n = 1) to evaluate the 
results of the surgery. The thoracic cavity was examined 
for the location of surgical lung biopsy, pericardial win-
dow, evidence of organ injury, healing of the diaphrag-
matic incision, and the presence of thoracic infection.

Results
The transumbilical thoracoscopic approach to the bilat-
eral thoracic cavity was successfully performed in all 
dogs. The mean operation duration was 72.18 minutes 
(range = 50-105 minutes). There was one instance of 
intraoperative death due to postprocedure air leaks and 
tension pneumothorax in the nonsurvival group, originat-
ing from the lung resection margin (Table 1).

The surgical lung biopsy was successfully performed 
in 21 of 22 predetermined lung biopsy regions (the only 
missed lung region was the right lower lobe). Pericardial 
window creation was achieved in all 8 cases (dogs 9, 10, 
and 11 did not undergo pericardial window insertion, 
according to the experimental design).

Necropsy revealed no visceral injuries or abscesses in 
all animals. Both the lung biopsy and pericardial window 
creation were completed as previously described. In the 
survival group, the postoperative period was uneventful 
in all 5 animals. There were some mediastinal adhesions 
over the lung biopsy region. The umbilical wounds and 
transdiaphragmatic incision sites showed good healing 
without any evidence of infection (Figure 2).

Discussion
We used the novel method of transumbilical incision to 
approach the thoracic cavity and to perform thoracic 
exploration, surgical lung biopsy, and pericardial window 
creation. Our results demonstrate that transumbilical tho-
racic exploration is a technically feasible and practical 
platform for endoscopic exploration and intervention of 
the thoracic cavity in a canine model.

Natural orifice transluminal endoscopic surgery in 
thoracic surgery is feasible via various surgical approaches 
in animal models, including transesophageal, transvesi-
cal, transgastric, and transtracheal approaches. However, 
these techniques are not ideal because they carry a risk of 
life-threatening complications such as tension pneumo-
thorax, vital organ injury, and massive bleeding.6-13,17 
More recently, our research group described a transoral 
approach for thoracic intervention. The NOTES incision 
and closure techniques are simpler, allow better 

visualization of thoracic vital organ, and better facilitate 
surgical lung biopsy than the previous approach. 
However, discomfort around the oral incision remains a 
challenge.18,19 Further refinement in selecting the 
approach site during NOTES will likely make the devel-
opment of NOTES in thoracic surgery more popular.

Approaching the thoracic cavity via an abdominal 
wound is not novel. Transhiatal esophagectomy via 
abdominal and cervical incisions has been shown to be a 
safe and effective method for resection of esophageal 
cancer while avoiding the thoracotomy complications. In 
2004, Uchiyama et al20 reported the safety and feasibility 
of infrasternal mediastinoscopic resection of stage I thy-
moma in 18 patients. Hsu et al21 have reported improved 
exploration of the bilateral thoracic cavity and a more 
radical thymectomy via the subxyphoid method com-
pared with the conventional transthoracic thoracoscopic 
thymectomy during the same period. On the basis of this 
evidence, we modified these techniques by shifting the 
incision from the chest wall to the umbilicus. This 
approach eliminates the visible scar over the chest wall 
after surgery.

With the present transumbilical technique, we were 
able to approach both pleural cavities without difficulty. 
The mediastinum and the anterior aspect of the bilateral 
upper and middle lung regions could be easily assessed. 
The vast majority of attempted endoscopic procedures 
were completed in the supine position. However, evalua-
tion of the lower part of right pleural cavity was difficult 
due to liver blockage. We also found that assessment of 
the posterior aspect of the pleural cavity was impossible 
in the supine position. A lateral decubitus position may 
facilitate exploration of this area, but was not studied in 
this experiment.

In this study, a 12-mm incision over the diaphragm 
was made for the transumbilical approach. Normally, 
rupture of the diaphragm carries a substantial risk of vis-
ceral herniation. In anticipation of these devastating com-
plications, the authors created the diaphragmatic incision 
with a needle knife, over the subxyphoid diaphragm (just 
below the junction of the diaphragm and the subxyphoid 
process). These approaches prevented herniation in 5 
dogs that survived. In addition, we found that the dia-
phragmatic incisions effectively healed at autopsy, 14 and 
28 days after surgery, in the 5 animals that survived. This 
aspect is important because it provides a novel platform 
for thoracic intervention without the need to create a tho-
racotomy wound.

At the present time, thoracoscopy is a safe and effec-
tive procedure that is used in lung cancer staging, pleural 
biopsy, pericardial window creation, mediastinal tumor 
biopsy, and diffuse lung disease biopsy. However, after 
thoracoscopic surgery, a proportion of patients have com-
plications, including chronic wound discomfort. For 

 at CHANG GUNG MEMORIAL HOSPITAL on December 8, 2013sri.sagepub.comDownloaded from 

http://sri.sagepub.com/
http://sri.sagepub.com/


Wu et al 5

Table 1. Procedure Characteristics and Animal Outcomes.

Study Animal
Duration 
(Minutes)

Body Weight 
(kg) Procedure

Target Region 
of Surgical 

Lung Biopsy
Lung Size 

(mm)
Success of 
Procedures Complication Necropsy Finding

Nonsurvival Dog 1 63 11 Surgical lung 
biopsy, 
pericardial 
window

LUL 12 Yes No Correct sites of lung 
biopsy and pericardial 
window

Nonsurvival Dog 2 105 12 Surgical lung 
biopsy, 
pericardial 
window

RUL (2 loops) 12 Yes No Correct sites of lung 
biopsy and pericardial 
window

Nonsurvival Dog 3 50 8.9 Surgical lung 
biopsy, 
Pericardial 
window

RUL
RML
RLL

15
5

10

Yes No Correct sites of lung 
biopsy and pericardial 
window

Nonsurvival Dog 4 65 9.3 Surgical lung 
biopsy, 
pericardial 
window

RUL
RML
LUL
LLL

10
7

13
6

Yes No Correct sites of lung 
biopsy and pericardial 
window lower 
portion of the middle 
lobe was resected as 
the lower lobe

Nonsurvival Dog 5 60 11.4 Surgical lung 
biopsy, 
pericardial 
window

RUL
RML
LUL
LLL

10
13
8

14

Yes No Correct sites of lung 
biopsy and pericardial 
window

Nonsurvival Dog 6 70 8 Surgical lung 
biopsy, 
pericardial 
window

RUL
RML
LUL
LLL

8
8
7
6

Yes Air leaks Correct sites of lung 
biopsy and pericardial 
window

Survival Dog 7 63 11 Surgical lung 
biopsy, 
pericardial 
window

LUL 5 Yes No Adhesion over 
biopsy region; 
good healing over 
transdiaphragmatic 
incision sites

Survival Dog 8 105 12 Surgical lung 
biopsy, 
pericardial 
window

RUL (2 loops) 7 Yes No Adhesion over 
biopsy region; 
good healing over 
transdiaphragmatic 
incision sites

Survival Dog 9 90 8.7 Surgical lung 
biopsy

LUL (2 loops) 7 Yes No Adhesion over 
biopsy region; 
good healing over 
transdiaphragmatic 
incision sites

Survival Dog 10 60 7.6 Surgical lung 
biopsy

LLL (3 loops) 8 Yes No Adhesion over 
biopsy region; 
good healing over 
transdiaphragmatic 
incision sites

Survival Dog 11 63 9.2 Surgical lung 
biopsy

RUL (2 loops) 8 Yes No Adhesion over 
biopsy region; 
good healing over 
transdiaphragmatic 
incision sites

Abbreviations: LUL, left upper lobe; RUL, right upper lobe; RML, right middle lobe; LLL, left lower lobe; RLL, right lower lobe.

example, Sihoe et al1 reported 8 of 38 patients (21%) with 
primary spontaneous pneumothorax after video-assisted 
thoracic surgery still experienced paresthesia in the chest 
wall. Lang-Lazdunski et al2 reported that chronic chest 
discomfort was found in 20 of 182 patients (10.7%) after 

VATS bleb excision and pleural abrasion for the treatment 
of primary spontaneous pneumothorax. Furthermore, we 
also evaluated the long-term outcome of patients with 
primary spontaneous pneumothorax treated with VATS 
bullectomy and pleurodesis and found that 32 of the 236 
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patients (13.5%) still had chronic chest discomfort 7 
years after surgery.3 All these data indicate that chronic 
chest pain and discomfort is unpredictable and may pres-
ent a problem in some patients following VATS. In our 
opinion, the transumbilical thoracoscopic approach 
avoids a thoracic incision and may have potential benefits 
in decreasing the risk of postoperative pulmonary com-
plications and avoiding chronic thoracotomy discomfort. 
Furthermore, the present approach allows exploration of 
the bilateral upper and middle lung regions without 
changing body position.

To date, many studies have focused on the benefit of 
improved cosmesis following transumbilical single port 
surgery. Curcillo et al22 reported that transumbilical single 
port surgery is an alternative to conventional multiport sur-
gery in performing cholecystectomy, with reduced scarring 
and better cosmetic outcomes in 297 patients with chole-
cystitis. Escobar et al23 also reported that the transumbilical 
approach is feasible and safe in performing salpingo-
oophorectomy with feasible surgical and cosmetic out-
comes. The cosmetic benefits of transumbilical single port 
surgery are also supported by a randomized trial of single 
port transumbilical versus conventional laparoscopic cho-
lecystectomy by Bucher et al.24 They reported that single 
port transumbilical surgery is an alternative to conven-
tional laparoscopic surgery and is associated with better 
cosmesis, better body image, and improved quality of life. 
Based on this evidence, we believe that the transumbilical 
thoracoscopic approach has a cosmetic benefit compared 
with the conventional thoracoscopic approach.

There are some limitations in our study. First, the sample 
size was small. Second, the methods used to perform the 
diaphragmatic incision were different, and there were only 
5 animals that survived in the study. However, the primary 
goal of this preliminary study was to examine the feasibility 
of a novel technique. Larger survival studies are required to 
evaluate the completeness of diaphragmatic incision heal-
ing and the safety of the transdiaphragmatic thoracoscopy 
technique. Third, animals in our study were approached in 
the supine position instead of the conventional decubitus 
position familiar to physicians. Difficulty in exploring the 
lower and posterior aspects of the pleural cavity was 
encountered. However, results of the present experiment 
demonstrate that transumbilical thoracoscopy is sufficient 
for performing basic thoracoscopic procedures such as peri-
cardial window creation and surgical lung biopsy over the 
anterior aspects of the mediastinum and bilateral lung. 
Further studies using this model under lateral decubitus will 
clarify the efficacy of transumbilical thoracoscopy for the 
exploration of different aspect of the thoracic cavity. Fourth, 
adhesionlysis for severe adhesions using transumbilical 
thoracoscopy can be technically difficult or even impossi-
ble, and is best performed by standard (transthoracic) 

thoracoscopy. However, we still believe that, once we refine 
our surgical techniques, and together with the development 
of new endoscopic instruments, adhesionlysis via transum-
bilical thoracoscopy may be possible.

In conclusion, in the era of no practical platform for 
clinical practice of NOTES for intrathoracic surgery, we 
have demonstrated a novel platform for endoscopic tran-
sumbilical surgical lung biopsy, pericardial window cre-
ation, and offer a potential bridge to enable the 
development of NOTES for thoracic diseases (which is 
still an experimental procedure). The transumbilical 
approach yields superior cosmetic results and obviates 
the possibility of postthoracotomy chronic pain due to 
intercostal neuralgia following a conventional transtho-
racic approach. Comparative studies would further clar-
ify the role of a transumbilical approach in minimally 
invasive thoracic surgery in the thoracic cavity.
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