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Abstract
Purpose Transoral endoscopic surgery has been shown to

be feasible and safe in both humans and animal models.

The purpose of this study was to evaluate the safety and
efficacy of transoral and conventional thoracoscopy for

thoracic exploration, surgical lung biopsy, and pericardial

window creation.
Methods The animals (n = 20) were randomly assigned

to the transoral endoscopic approach group (n = 10) or

conventional thoracoscopic approach group (n = 10).
Transoral thoracoscopy was performed with a flexible

bronchoscope via an incision over the vestibulum oris. In

conventional thoracoscopy, access to the thoracic cavity
was obtained through a thoracic incision. Surgical out-

comes (body weight, operating time, operative complica-

tions, and time to resumption of normal diet), physiologic
parameters (respiratory rate, body temperature), inflam-

matory parameters [white blood cell (WBC) counts and

C-reactive protein (CRP)], and pulmonary parameters
(arterial blood gases) were compared for both procedures.

Results The surgical lung biopsy and pericardial window

creation were successfully performed in all animals except
one animal in the transoral group. There was no significant

difference in operating times between the groups. The

increase in WBC in the transoral thoracoscopy group was
significantly smaller on postoperative day 1 than in the

conventional thoracoscopy group (p = 0.0029). The

transoral group had an earlier return to preoperative body
temperature (p = 0.041) and respiratory rate (p = 0.045)

on day 7. With respect to pulmonary parameters, there was

no significant difference in blood pH, pCO2, or PaCO2

between the transoral and transthoracic groups. All animals

survived without complications 14 days after surgery.

Conclusions This study demonstrated that the transoral
approach was comparable to conventional thoracoscopic

surgery for lung biopsy and pericardial window creation in

terms of safety and efficacy.
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Since the introduction of transgastric peritoneoscopy in

2004, the procedure has been used successfully for the
management of a wide spectrum of abdominal diseases,

including cholecystitis, appendicitis, urolithiasis, and

ovarian cancer. The potential advantages of Natural Orifice
Transluminal Endoscopic Surgery (NOTES) over the

conventional laparoscopic surgery include less postopera-

tive discomfort, decreased length of hospital stay, and the
lack of a requirement for an external skin incision. How-

ever, due to the technical difficulty, and the lack of

advanced surgical instruments and optimal NOTES
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approaches for the thoracic cavity, NOTES has not been

reported in the clinical treatment of thoracic diseases in
humans [1–3].

Previous work by our group demonstrated the feasibility

of transoral surgical lung biopsy and pericardial window
creation postmortem in a canine dog [4]. More recently, we

demonstrated the effectiveness of treatment with single-

dose antimicrobial agent for the prevention of postopera-
tive infection after surgical lung biopsy in dogs [5]. The

objective of this study was to evaluate the safety and

effectiveness of transoral surgical lung biopsy and peri-
cardial window creation in animals compared with con-

ventional thoracoscopic surgery. The results were

compared with special attention to the success rate, oper-
ating time, complications, and impact on physiological,

inflammatory, and pulmonary function. The findings may

provide important information in the development of
NOTES for the diagnosis and treatment of thoracic dis-

eases in humans.

Methods

Animals and surgical approaches

This study was approved by the Ethics Committee on
Animal Research of the Chang Gung Memorial Hospital.

Twenty beagles with a mean body weight of 8.1 kg
(6.6–11 kg) were obtained from BioVet Beagle Farm,

Pingtung, Taiwan. They were fasted for 12 h with unre-

stricted to water before surgery. Ketamine [5 mg/kg,
intramuscularly (i.m.)] and xylazine HCl (10 mg/kg, i.m.)

were used for anesthetic induction. The animals were

intubated with an endotracheal tube designed by the study
authors. The tube was inserted into the main bronchus of

the contralateral lung) to facilitate one-lung ventilation,

and isoflurane (2 %) was used for the general maintenance
of anesthesia. Control ventilator settings were set at a tidal

volume of 15 ml/kg and a frequency of 10 breath/min with

an inspiration/expiration ratio of 1:2. Single-dose antibiotic
(cefamezine, 20 mg/kg, IV) was used preoperatively to

prevent infections.

The thoracic cavity was accessed by either a transoral
approach (n = 10) or a transthoracic approach (n = 10).

As reported in our previous feasibility study, in the trans-

oral group, we performed the lung biopsy via a 12 mm
vestibular incision. We inserted the metal tube through the

vestibulum oris incision until it reached the mandibular

periosteum. The metal tube then passed the posterolateral
border of the mandible to access the anterior cervical

regions above the platysma muscle. The dissecting plane

continued along the anterior surface of the trachea (below
the inferior pole of the thyroid gland) and down to the

upper mediastinal region (behind the posterior border of

the manubrium and anterior to the innominate venous
trunk). The tip of the metallic tube was then used to create

a window in the upper mediastinal pleura. The working

tract was completed by introducing the metallic tube into
the thoracic cavity. For the transthoracic approach, the

working tract was completed via a 12 mm incision over the

7th intercostal space, near the midclavicular line. A flexi-
ble, 4.9 mm bronchoscope was then inserted into a metallic

tube to allow the surgeons to evaluate the thoracic cavity
adequately. Through the working channel of the flexible

bronchoscope, a needle knife was used to create a 10 mm

pericardial window. The pericardial cavity was evaluated
using a bronchoscope. The predetermined surgical lung

biopsies, including right upper lobe (n = 6; 3 transoral, 3

transthoracic), right lower lobe (n = 6; 3 transoral, 3
transthoracic), left upper lobe (n = 4; 2 transoral, 2

transthoracic), and left lower lobe (n = 4; 2 transoral, 2

transthoracic), were completed with an electrocautery loop
and endoscopic biopsy forceps. In our procedure, the gas-

per was inserted through the working channel of a bron-

choscope, and all other devices, including cauterizing loop,
were advanced to our target region through the metallic

tube along with the bronchoscope. Therefore, grasping and

snaring proceeded simultaneously. After lung biopsies
were finished, air-leak was checked while the lung was

reexpanded under positive pressure ventilation. Endo-loop

ligation was done successfully for the air-leak if occurred.
All the residual air or effusion after surgery was removed

by the bronchoscopic suction. The endoscopic device,

bronchoscope, and metallic tube were withdrawn after the
full expansion of lungs. After completing the thoracic

intervention, the vestibular incision or thoracotomy inci-

sion was closed with interrupted 3-0 absorbable sutures;
0.6 ml of 2 % xylocaine was locally administrated after

closure of the incisional wound. Carprofen (4 mg/kg, daily)

also was prepared for rescue intervention analgesia
The diet was resumed 1 day after surgery. The animals

were closely examined for 2 weeks, and the following

parameters were recorded: approach method, body weight,
procedures performed, operating time, intraoperative

complications, and postoperative complications, and time

of resumption to normal diet. To determine the impact of
the thoracic intervention, respiratory rate, body tempera-

ture, arterial blood gases (ABG), white blood cell (WBC)

count, and C-reactive protein (CRP) were measured pre-
operatively and postoperatively at day 1, day 3, day 7, and

day 14. Serum for CRP analysis was stored at -80 "C and

the levels of CRP were determined using a commercially
available ELISA kit with monoclonal antibodies specific

for CRP (PharMingen, BD Biosciences, San Diego, CA),

according to the manufacturer’s instructions. Cell-free
serum was tested in triplicates. The CRP ELISA is
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sensitive to 1.3 pg/ml and has an intra-assay coefficient of

variation of\5 % and an interassay coefficient of variation
of \10 %, according to the information provided by the

manufacturer.

The animals were euthanized, and the surgical outcomes
were evaluated on day 14 after surgery. The success of the

procedure (biopsy of the predetermined lobe), signs of

pleural infection (presence of pleural effusion or empy-
ema), any mediastinal infection (presence of mediastinal

effusion or abscess), and vital organ injury were evaluated.

Statistical analysis

Data were presented as mean with 95 % conference

interval (CI) except otherwise mentioned. Because data did

not approximate a Gaussian distribution (e.g., the mean
value did not approximate the median value), nonpara-

metric statistical analyses were used. For univariate anal-

yses, Wilcoxon signed-rank test and Mann–Whitney U test
were performed to access the significance of differences

between measurements of different time intervals and the

values between the transoral and transthoracic thoraco-
scopic groups respectively. Differences in categorical data

were analyzed using the v2 or Fisher’s exact tests. For all

tests, p \ 0.05 was considered to be significant. All anal-
yses were performed using SPSS software version 10.0

(SPSS Inc., Chicago, IL) and GraphPad Prism 4.0

(GraphPad Software, San Diego, CA).

Results

The surgical lung biopsy was feasible in all but one animal in

the transoral group. In the transoral group, the first experi-
ment for predetermined right lower lobe biopsy was failed.

The right middle lobe was misidentified as the right lower

lobe. There was no significant difference in the procedure
time between the transoral approach (60.6 ± 11.4 min) and

the transthoracic approach (62.8 ± 13.0 min, p = 0.91;

Table 1). There were no intraoperative complications in
either group.

The animals recovered well, and 18 of 20 animals

resumed a normal diet 1 day after surgery. Two animals in
the transoral thoracoscopy group were on a liquid diet for

48 h, followed by a regular diet. None of the animals

received rescue analgesia. The postoperative period was
uneventful, and no clinical signs suggesting major post-

operative infections were found in any of the animals. The

body weight was 8.4 ± 0.9 (mean ± SD) kg for the
transoral group and 7.9 ± 0.9 kg for the transthoracic

group preoperatively and 8.8 ± 0.8 kg for the transoral

group and 8.4 ± 0.8 kg for the thoracic group on the 14th
day postoperatively. There was no difference between

groups either preoperatively (p = 0.21) or postoperatively

(p = 0.2166). The body weight gain on the day 14 after
surgery was 0.39 ± 0.5 kg for the transoral group and

0.58 ± 0.4 kg for the thoracic group. There was no dif-

ference between groups (p = 0.36; Table 1). The two
animals on liquid diet for 48 h had increased body weight

for 0.6 and 0.9 kg, respectively. The transoral and trans-

thoracic incisional wound of all the experimental animals
healed well.

In terms of physiological and inflammatory findings, as
shown in Fig. 1, a postoperative comparison between the

transoral and transthoracic groups revealed that the ele-

vation of respiratory rate after transoral surgery was sig-
nificantly lower on day 7 (p = 0.045) compared with that

after transthoracic surgery. The transoral group had an

earlier return to baseline body temperature on day 7
(p = 0.041). Furthermore, WBC elevation also was sig-

nificantly less in the transoral group on day 1

(p = 0.0029) compared with the transthoracic group.
There was no significant difference in CRP between

groups at any time point.

As for pulmonary physiology evaluated by arterial blood
gas, a postoperative comparison of the transoral and

transthoracic groups showed no significant difference in

pH, PaO2, and PaCO2 between groups at any time point
(Fig. 2).

Overall evaluation of our procedures, the respiratory

rate, body temperature, white blood cell counts, and serum
level of c-reactive protein were all elevated on day 1 and

were recovered to preoperative levels before day 14 post-

operatively (Fig. 3). There was no significant change in
PaO2 values before and after procedure. The pH value was

decreased and PaCO2 level was elevated immediately after

the procedure. Both values were recovered to preoperative
levels before day 14 postoperatively (Fig. 4).

Table 1 Characteristics of experimental animals

Characteristics Total Thoracic surgery P value

Trans-oral Transthoracic

No. of dogs 20 10 10

Body weight
(kg,
mean ± SD)

8.11 ± 0.92 8.36 ± 0.9 7.86 ± 0.91 0.2116

Surgical time
(min,
mean ± SD)

61.7 ± 12 60.6 ± 11.4 62.8 ± 13 0.9092

Success on
procedure

19 9 10 1

Weight gain
(post-op
14 days, kg,
mean ± SD)

0.49 ± 0.45 0.39 ± 0.5 0.58 ± 0.4 0.3572
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No evidence of organ injury or infection within the

mediastinum or thoracic cavity was found during necropsy.

Surgical lung biopsy sites appeared well healed in all
animals. In one animal, the lower portion of the middle

lobe was resected as the lower lobe. There were adhesions

over the surgical lung biopsy region in nine dogs from the
transoral group, meanwhile nine of ten dogs in the trans-

thoracic group had such lesions (p = 1.0).

Discussion

Thoracoscopic surgery has been widely used in the field of

thoracic surgery throughout the past two decades [6]. To
minimize operative discomfort, NOTES is considered to be

the next logical step, because it enables thoracic cavity

evaluation without external skin incisions. The current
study used a randomized and prospective design to

Fig. 1 Changes in the A respiratory rate, B body temperatures,
C white blood cell count, and D C-reactive protein (CRP) between
the transoral endoscopic group (n = 10) and the conventional

thoracoscopic group (n = 10). Mean and 95 % confidence intervals,
*p \ 0.05, between groups, Mann–Whitney U test

Fig. 2 Changes in the arterial
blood gases (pH, pCO2, or
PaCO2) between the transoral
endoscopic group (n = 10) and
the conventional thoracoscopic
group (n = 10). Mean and 95 %
confidence intervals, *p \ 0.05,
between groups, Mann–
Whitney U test
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demonstrate the effectiveness and safety of the transoral

endoscopic approach compared with the conventional
thoracoscopic surgical procedure.

The lack of optimal NOTES approaches has delayed the

application of NOTES inside the thoracic cavity. Both
Lima et al. and De Palma et al. have reported failure to

explore the right thoracic cavity via the transvesical and

transgastric approaches [7, 8]. Other groups of researchers

have reported the feasibility of thoracic intervention via a
transesophageal approach in a porcine model, but it is

difficult to determine on which side of thoracic cavity to

make an incision [9]. Our previously published study
revealed the feasibility of a transtracheal approach but

encountered significant technical difficulties in performing

Fig. 3 Changes in the A respiratory rate, B body temperatures,
C white blood cell count, and D C-reactive protein (CRP) of the 20
animals. Mean and 95 % confidence intervals, *p \ 0.05 compared

with previous time point, #p \ 0.05 compared with preoperative
level, Wilcoxon signed-ranked test

Fig. 4 Changes in the arterial
blood gases (pH, pCO2, or
PaCO2) of the 20 animals. Mean
and 95 % confidence intervals,
*p \ 0.05 compared with
previous time point, #p \ 0.05
compared with preoperative
level, Wilcoxon signed-ranked
test
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more complicated thoracic intervention [10]. In contrast,

the present study demonstrates a quick and easy method to
perform surgical lung biopsy of the anterior aspect of the

upper, middle, and lower lung regions. Technically, it also

was possible to explore the posterior side of the chest in the
lateral decubitus position (unpublished data). This aspect is

important, because adequate thoracic exploration facilitates

the use of NOTES in thoracic disease.
Intraoperative complications are a major concern with

NOTES thoracoscopy. In 2008, Sumiyama et al. [11, 12]
reported a transesophageal endoscopic epicardial coagula-

tion and pericardial window creation where massive

bleeding occurred while creating the transesophageal
incision. In 2010, von Delius et al. [13] published a study

evaluating the transesophageal approach in a porcine

model; however, tension pneumothorax occurred when the
mediastinal pleura were inadvertently injured. In 2011, our

research group showed that exploration of the thoracic

cavity and surgical lung biopsy is possible with the tran-
stracheal approach in a canine model, but severe tension

pneumothorax occurred [14]. The present transoral

approach technique for performing surgical lung biopsy has
no intraoperative complications comparable to those of

conventional transthoracic thoracoscopy.

The transesophageal approach for mediastinoscopy and
thoracoscopy was first reported by Dr. Sumiyama. The

thoracic cavity was approached through an internal incision

in the mucosa of the esophagus, the 10 cm submucosal
working space, and the myotomy incision over the mus-

cular layer. Sumiyama described the challenges encoun-

tered during attempts to explore the upper thoracic area or
posterior mediastinum due to the limited space available

for manipulation. Air insufflation pressure (intrapleural

pressure) was monitored to prevent hemodynamic insta-
bility and decrease the risk of intraoperative tension

pneumothorax. Endoclips were used to close the mucosal

entry site and provide sufficient closure for a visceral
incision. The positive air insufflation maneuver was not

performed in combination with the transoral approach so as

to prevent tension pneumothorax. The lung was collapsed,
which facilitates surgical exposure and lung biopsy, by

placing the endotracheal tube into the main bronchus of the

contralateral lung to maintain one-lung ventilation and to
obtain an ipsilateral collapsed lung for the lung biopsy.

This direct approach to the upper thoracic area was rela-

tively easily compared to the retroflexion approach
required for the transesophageal technique.

Another concern is the risk of postoperative infection after

NOTES. For example, Hazey and coworkers [15] reported
contamination of the peritoneal cavity after transgastric

peritoneoscopy. Lomanto et al. [16] demonstrated the

development of postoperative peritonitis and abscesses
following transgastric tubal ligation and oophorectomy.

More recently, Giday did not find evidence of bacterial

contamination or intraperitoneal infection in animals with
sterile transgastric liver and ovarian biopsy [17]. In our

present study, we did not find any clinical evidence of

infection in any of the animals. Moreover, the change in body
temperature and WBC with the transoral endoscopic

approach suggested inflammatory intensity was not

increased compared with the conventional thoracoscopic
approach. These results are consistent with previous studies

showing no increase in infections with transoral endoscopic
surgery under sterile conditions [18].

One of the major challenges and time-consuming por-

tions of NOTES is ensuring secure closure of the visceral
access site [19, 20]. To simplify the wound closure during

NOTES in thoracic cavity, we shifted the natural orifice

access region from the visceral lumen to vestibulum oris.
We found that transoral access was a simple, reproducible

platform for accessing the thoracic cavity in the canine

model and required a similar amount of time to complete
the lung biopsy and pericardial window creation proce-

dures as did the conventional thoracoscopic method. Fur-

thermore, the use of an oral incision obviates the need for
endoscopic closing devices and produces a more secure

repair, by hand-suture, of the vestibulum oris incision.

Another drawback of NOTES is the lack of interest and
investment from industry due to its relatively small mar-

ketplace [21]. We believed that the previously reported

NOTES platforms have the tendency to complicate the
procedure, increase operative morbidity, and lead to dismal

surgical results of NOTES in thoracic surgery. This high-

lights the need to develop a simple NOTES technique and
use commonly available endoscopic instruments to collect

more evidence on NOTES and thereby attract more

financial investments. In the current study, we describe a
platform to approach the thoracic cavity via oral incision.

The platform proved to be practical, efficacious, and safe in

an animal survival study and allowed the thoracic inter-
vention to be performed with commonly available endo-

scopic accessories. All animals survived the study without

complications, suggesting that the transoral platform for
thoracic cavity evaluation is safe, practical, and reliable.

From our preclinical animal experiments for the trans-

oral thoracoscopic procedure, important issues related to its
procedure and application have been raised. Our first sur-

gery for the predetermined right lower-lobe biopsy failed.

The right middle lobe was misidentified as the right lower
lobe. It was because the transoral endoscopic procedure

was performed in the supine position, which caused lower

lobes of lungs to move dorsally and increased the distance
between the oral incision and the target location of lung.

The length of our metallic tube was not adequate for a

bronchoscope to further reach lower lobes of lung. There-
fore, we redesigned the tube and increased its length to
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45 cm. All lower-lobe lung biopsies through the transoral

endoscopic procedure were accomplished successfully
later. Lung specimens of 5–10 mm in size were obtained in

this study. Our following study will focus on obtaining

larger specimens and will measure the size of specimens
exactly.

Currently, no reports focus on pain severity in NOTES

thoracic procedures. In this study, two transoral animals
required a liquid diet instead of regular diet on postoper-

ative day (POD) 1, because we found that they were not
interested in the regular diet on POD 1. The regular diet

had been well tolerated since POD 2. Additionally, both

increased body weight, suggesting there is only minor
effect of the incisional wound on oral intake. Furthermore,

we observed similar weight gain, oral intakes, and respi-

ratory rates in both the transoral endoscopic group and the
conventional thoracoscopic group. Base on these data, we

suggested that the transoral endoscopic approach exposes

the animals to the similar level of postoperative pain as the
conventional thoracoscopic approach. In addition, avoid-

ance of thoracic incisions via the transoral approach avoids

the chronic thoracotomy discomfort.
In clinical practice, the total frequency of postthorac-

otomy discomfort with thoracoscopic surgery has been

reported to be as low as 4 % (6/140) by Stammberger et al.
[22], approximately 12.5 % (18/144) by Hutter et al. [23],

and as high as 32 % (19/59) by Passlick et al. [24]. The

possible applications of transoral thoracoscopic procedures
are to avoid chronic chest pain and to improve cosmetic

effect, so our study tried to avoid chest tube placement

after simple procedures, such as lung biopsy and P-P
window creation. Autopsy on the 14th day after surgery

showed no lung atelectasis and no residual pleural effusion,

suggesting no significant accumulation of air or effusion in
the pleural space after the procedure.

Further studies to examine the immunologic impact and

to determine the postoperative pain severity of NOTES
procedures via the transoral approach are mandatory.

Increased number of study subjects is considered necessary

to verify the safety and efficacy of the transoral procedure.
These preclinical data will be critically important before

performing human trials to determine the utility and

validity of the transoral approach in diagnostic and thera-
peutic procedures for simple thoracic disease.

In conclusion, in our prospective study using a survival

canine model, the transoral surgical approach for lung
biopsy and pericardial window creation was comparable to

conventional transthoracoscopic surgery in terms of safety

and efficacy. Collection of more preclinical data is man-
datory before the application in clinical practice.
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