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Abstract. It has been demonstrated that video-assisted thora-
coscopic surgery (VATS) is feasible and safe in humans and
animal models. The aim of the present study was to compare
the surgical outcome using VATS with that of the standard
transthoracic approach for pneumonectomy in dogs, to deter-
mine the acute-phase reaction in VATS pneumonectomy, and
to analyze the difference between VATS and the standard
transthoracic approach. A total of 14 dogs were divided into
two groups (n=7); one group underwent VATS and the other
group underwent a transthoracic pneumonectomy. Pre-, intra-
and post-operative physiologic parameters were monitored, in
addition to the blood cell count and serum acute-phase protein
(APP) concentrations. The APP and hemodynamic changes
between the two approaches were analyzed. Mean surgical
time in the VATS group (176.7 min) was significantly longer
compared with the open group (132.4 min). All APP concen-
trations were significantly increased at day 1 postoperation
and gradually decreased to preoperative concentrations. The
serum concentration of C-reactive protein on day 3 and the
white blood cell count on day 1 were significantly higher
following surgery in the open group compared with the VATS
group (P<0.05). No differences were observed in the physi-
ological parameters between the two groups. Although VATS
took longer, animals experienced smaller incision and less
stress. Therefore, the VATS approach was satisfactory for total
pneumonectomy.
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Introduction

Video-assisted thoracoscopic surgery (VATS) has been used
as a diagnostic and therapeutic platform to perform a wide
variety of thoracic cavity surgical procedures (1), including
surgical lung biopsy, cancer staging, pneumothorax, peri-
cardiotomy and pericardial window creation (2). VATS is
clinically accepted as being less painful and causing less
stress than traditional open procedures. Eliminating conven-
tional abdominal incisions is considered to have a number
of potential advantages including faster recovery and thus a
shorter hospital stay, decreased postoperative pain, improved
postoperative pulmonary function and improved cosmetic
outcome. Previous studies have also confirmed the safety and
benefits of VATS in thoracic cavity surgery (3,4).

Peumonectomy is a lung resection technique used in
humans and animals to remove all lung lobes when bilobec-
tomy or lobectomy techniques are inadequate to remove the
pathology in the hemithorax. Pneumonectomy was performed
to treat certain pathological conditions including lung tumors,
congenital lung anomalies, chronic lung collapse, chronic
progressive lung inflammation, post-traumatic diffuse paren-
chymal laceration and bronchial rupture (5,6).

A number of comparative studies on VATS procedures in
animals have evaluated stress parameters and postoperative
outcomes (7,8); there have also been studies into the outcomes
of VATS lobectomy (4,9). Compared with VATS, hemithorax
pneumonectomy is more difficult to perform and there is a
higher risk of intra- and post-operative complications occur-
ring (10); thus, the degree of stress and the postoperative
hemodynamics in VATS compared with traditional open
pneumonectomy remains to be evaluated. Study.

Acute-phase proteins (APPs) are a series of proteins that
are sensitive to inflammation and body stress including infec-
tion, surgical trauma, certain diseases and tissue damage (11).
The concentrations of certain APPs, including C-reactive
protein (CRP) and serum amyloid A (SAA), may increase
markedly during stress or under pathological conditions.
YKL-40 is another type of APP that increases in proportion
to body stress, indicating the respiratory function level and
pneumopathy prognosis.
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To thoroughly assess the impact of minimally invasive
surgical techniques on acute-phase reactions, metabolic
changes and stress responses, the current study compared such
factors in dogs undergoing pneumonectomy via the VATS
approach vs. those undergoing open thoracotomy to compare
the impacts of the two approaches.

Materials and methods

Animals. A total of 14 mongrel dogs aged 2-5 years with a
mean body weight of 7.7 kg (range 5.4-10.5 kg) were used in the
present study. The dogs were obtained from the Experimental
Animal Center of Northeast Agricultural University (Harbin,
China). The dogs were housed at a controlled temperature
(20°C) and humidity (60°C) under a 12 h light/dark cycle. All
animals were fed a standard canine diet 3 times daily and had
free access to water. Of the 14 dogs enrolled in the study, 9 were
ultimately adopted and 5 were euthanized. Dogs were sacri-
ficed via 300 mg intravenous xylocaine (Shandong Jincheng
Pharmaceutical Co., Ltd., Zibo, China) following anesthetizing
with 0.1 mg/kg xylazine and 5 mg/kg ketamine hydrochloride
(Jiangsu Hengrui Medicine Co., Ltd., Lianyungang, China). A
preoperative physical examination and complete blood count
indicated that all dogs were healthy. Animals were randomly
and equally divided into two groups (n=7): One group under-
went a VATS pneumonectomy and the other group underwent
an open pneumonectomy. The present study was approved by
the Northeast Agricultural University Institutional Animal
Care and Use Committee (Harbin, China), and was conducted
in a manner consistent with the U.S. National Institutes of
Health ‘Guide for the Care and Use of Laboratory Animals’,
the Animal Welfare Acts (12) and the Guide for the Care and
Use of Agricultural Animals in Agricultural Research and
Teaching, including appropriate methods of euthanasia (13).

Surgical preparation. Baseline physiological parameters were
determined prior to surgery (t=0), including routine blood
testing, heart rate (HR), respiratory frequency (RF), blood
pressure (BP), rectal temperature and serum concentrations
of CRP, SAA and YKL-40. Following a 24 h fastand a2 h
water-fast, all animals were administered the same general
anesthesia and were monitored and managed similarly.
Cefazolin (20 mg/kg; Harbin Pharmaceutical Group Co.,
Ltd., General Pharm Factory, Harbin, China) was adminis-
tered intramuscularly (IM) 30 min prior to surgery to prevent
postoperative infection. Each dog was pre-medicated with
0.05 mg/kg atropine (Beijing Shuanghe Pharmaceutical
Co., Ltd., Beijing, China) subcutaneously and ~15 min
later anesthesia was induced with intravenous propofol
(4-5 mg/kg; Xi'an Libang Pharmaceutical Co., Ltd., Xian,
China) and midazolam (0.05-0.06 mg/kg; Jiangsu Shenhua
Pharmaceutical Co., Ltd., Jiangsu, China). The dog was then
placed in the supine position and intubated with a tracheal
cannula. General anesthesia was maintained with 1.5-2%
isoflurane (Hebei Welcome Pharmaceutical Co., Ltd.,
Shijianzhuang, China) gas mixed in oxygen, and respiration
was maintained via mechanical ventilation with the anesthetic
gas machine (respiratory frequency 12 breaths per minute,
tidal volume 15-20 ml/kg, inspiratory:expiratory ratio 1:2).
Tramadol (4 mg/kg; Zhejiang Jiuxu Pharmaceutical Co., Ltd.,
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Hangzhou, China) was administrated intravenously prior to
surgery for analgesia.

The surgical site (left chest from the clavicle to the last
rib and from the sternum to the spine) was shaved, aseptically
prepared and draped for surgery. A heating blanket was placed
between the animal and the operating table.

Sterile instruments were used for all open and laparoscopic
procedures. For the VATS procedures, the endoscopes and
other equipment underwent a high-level of disinfection.

VATS procedure. During the VATS procedure, 2 portals were
created: The endoscope portal (portal 1) and the surgical
portal (portal 2). Portal 1 (1 cm diameter) was created by a
trocar inside a metal tube, and was located between the eighth
and ninth rib. Portal 2 (2-3 cm diameter) was created using a
scalpel and endotherm knife, and was located between the fifth
and the sixth rib. A 10/11 mm trocar-cannula unit (Hangzhou
Optcla Medical Instrument Co., Ltd., Hangzhou, China) was
inserted through the chest wall at portal 1. An endoscope (0°,
10 mm diameter, 330 mm long; Olympus Corporation, Tokyo,
Japan) attached to a video endoscopic camera and light source
(Olympus Corporation) was then advanced through this tube
into the chest cavity. The margin of portal 2 was treated with
an electric coagulation knife for hemostasis.

Lung-grasping forceps were used to lift the lung lobe
and expose the hilum of the lung. The pulmonary artery,
pulmonary vein and bronchus were separated cautiously using
hemostatic forceps and peanut sponges (a homemade tool used
for dissociated soft tissue). The pulmonary artery and pulmo-
nary veins were clipped and cut off, and the bronchus was
cut off following double ligation. Bronchus ligation required
an extra transfixion ligation. All lung lobes in the left chest
were excised in the following order: Middle lobe, upper lobe
and subjacent lobe. Warm physiological saline (100-200 ml at
~40°C) was used to check the bronchus ligation and syringe
the thoracic cavity; this solution was then extracted using a
vacuum absorber.

Open procedure. A 7-8 cm incision was created using a scalpel
and electric coagulation knife between the seventh and eighth
rib. An endotherm knife was used for blood coagulation. The
surgical room was expanded through a wound spreader. The
surgical procedure and the order that lung lobes were excised
was the same as for the VATS group. Lung-grasping forceps
were used to lift the lung lobe and expose the hilum of the
lung. The pulmonary artery, pulmonary vein and bronchus
were separated carefully using hemostatic forceps and peanut
sponges. The method and order of clipping and cutting off of
vessels was the same as for the VATS group. Warm physi-
ological saline was used to check the bronchus ligation and
syringe the thoracic cavity; this solution was then extracted
using a vacuum absorber.

Monitoring and postoperative care. Postoperative care
consisted of cefazolin (20 mg/kg, IM) twice daily for 7 days
and topical erythromycin ointment applied to the incision sites
twice daily for 7 days. Tramadol (2 mg/kg) was administrated
intravenously following surgery and once a day for 3 days.
Water was offered when the animal was ambulatory and
moistened dog food was offered 6 h following surgery.
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The following parameters were recorded: HR, RF, rectal
temperature, BP (preoperative, every 15 min intraoperatively,
postoperatively and on postoperative days 1, 2, 3, 5 and 7),
operating time, incision size, postoperative complications and
time of standing up. Hematology examination including white
blood cells (WBC), red blood cells (RBC), lymphocytes (LY)
and granulocytes (Gran) was conducted preoperatively, post-
operatively and on days 1, 2, 3, 5, 7 and 14 following surgery.

Blood samples were collected (preoperatively, postopera-
tively,4 h,and 1,3,5,7 and 14 days following surgery) through
the precaval vein and were centrifuged for 15 min at 1,000 x g
at room temperature (20°C). Serum for APP analysis was
stored at -80°C and the concentration of APPs was assayed
using commercially available ELISA kits (BD Pharmingen,
San Diego, CA, USA) with specific monoclonal antibodies
according to the manufacturer's protocol. Antibodies against
the following were used: CRP (51-934DCRP1; 1:100; BD
Pharmingen), SAA (F02520; 1:100; Shanghai Westang
Bio-Tech Co., Ltd., Shanghai, China) and YKL-40 (F03132;
1:100; Shanghai Westang Bio-Tech Co., Ltd.). Levels of CRP,
SAA and YKL-40 were measured preoperatively and postop-
eratively on days 1,2, 3,5,7 and 14.

Statistical analysis. Standard statistical methods were used to
analyze data. Data are presented as mean =+ standard deviation.
Statistical differences within each group were determined by
two-way analysis of variance. The paired-sample t-test was
used to compare the two groups. P<0.05 was determined
to represent statistically significant differences. Statistical
analyses were performed using SPSS software (version 22;
IBM SPSS, Armonk, NY, USA).

Results

Animals. All animals survived the follow-up period of
14 days. Total pneumonectomy via VATS and open surgery
was successfully performed, with complete removal of all left
lobes in 14 animals. No difference was observed in the body
weight of dogs in either group (VATS 21.7+10.5 kg vs. open
20.4+3.8 kg; P>0.05). The operating time for the VATS proce-
dure was significantly longer than for the open procedure
(VATS 176.7+22.7 min vs. open 132.4+15.7 min, P<0.05).

None of the animals in either group had intra- or peri-oper-
ative complications. There was no evidence of hemorrhage and
no areas of iatrogenic trauma from introduction of surgical
instruments. The total length of all skin incisions was 2.5-4 cm
in the VATS group and 5.5-8 cm in the open group. No other
abnormalities were identified in either group. All dogs were
considered to have returned to their normal activity levels 36 h
following surgery.

Physiological parameters. Rectal temperature was measured
prior to surgery (baseline) and at the designated intra- and
post-operative time points (Fig. 1A). Rectal temperature in the
VATS group 105, 120 and 135 min postoperation was signifi-
cantly lower than baseline (P<0.05). There was no significant
change in rectal temperature at any time point in the open
group. Three dogs in the VATS and four dogs in the open
group experienced hyperpyrexia day 1 and 2 postoperation,
but returned to baseline 5 days following surgery.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 13: 2391-2398, 2017

2393

Comprehensive hemodynamic changes were recorded in
all 14 animals. There were no significant changes in HR at
any time point in either group (Fig. 1B). Respiratory frequency
at 1 day was significantly higher in the open group than the
baseline (P<0.05), and no significant changes were observed
among groups (Fig. 1C).

No significant change was observed in systolic BP at any
time point in either group (Fig. 2A). During the operative period,
the diastolic BP and mean arterial pressure demonstrated a
declining trend in both groups, and increased gradually back
to baseline levels postoperatively (Fig. 2B and C, respectively).
Diastolic BP at 120 min postoperation was significantly
decreased in the VATS group compared with baseline (Fig. 2B;
P<0.05).

Hematology. The WBC count in both groups was significantly
increased 1, 2 and 3 days following surgery (P<0.05), and
returned to a normal level 2 weeks later (Fig. 3A). Furthermore,
it was significantly higher 1 day after surgery in the open
group, compared with the VATS group (P<0.05). There was
no significant change in the level of RBCs prior to or following
the procedure in both groups (Fig. 3B). The LY count demon-
strated an increased trend postoperatively (Fig. 3C; P>0.05)
and the Gran count was significantly increased 1 day following
surgery (Fig. 3D; P<0.05).

Acute-phase proteins. Serum concentrations of CRP and
SAA in both groups were significantly increased 1 day after
surgery compared with baseline (P<0.05; Fig. 4A and B).
These decreased gradually back to baseline by day 14
post-surgery (Fig. 4A and B). The serum concentration of
CRP was significantly higher on day 3 following surgery in
the open group, compared with the VATS group (P<0.05;
Fig. 4A). In both groups, the serum concentration of YKL-40
was not significantly decreased at 4 h following surgery but
significantly increased day 1 postoperation compared with
baseline (P<0.05; Fig. 4C) and returned to normal level day 5
postoperation. No significant difference in SAA and YKL-40
was observed between the two groups at any time point
(Fig. 4B and C).

Arterial blood gas. Arterial blood gas analysis was conducted
in the animals (Fig. 5). There was no significant change in the
partial pressure of oxygen (PaO,) before and after the procedure
in either group (Fig. 5B). The pH in both groups decreased
immediately following the procedure, and returned to preop-
erative levels day 1 postoperation (P>0.05; Fig. 5C). The partial
pressure of carbon dioxide (PaCO,) was elevated immediately
following the procedure in both groups; PaCO, returned to
preoperative level day 1 postoperation in the VATS group and
day 3 postoperation in the open group (P>0.05; Fig. 5A). There
was no significant difference between the two groups in the
values of pH, PaO,, and PaCQO, at any time point (Fig. 5).

Discussion

Lung lobes may be excised through either open thoracotomy or
VATS. In the present study, pneumonectomy in the hemithorax
was performed successfully using both of these approaches
without major intra- or post-operative complications. Thus,
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Figure 1. Physiological parameters assessed in all animals. Changes in (A) temperature, (B) HR and (C) RF in 14 dogs that underwent pneumonectomy (n=7
for VATS and n=7 for open thoracotomy). “P<0.05 vs. preoperative value (baseline). HR, heart rate; TEM, temperature; RF, respiratory frequency; OP, open
surgery; VATS, video-assisted thoracoscopic surgery; bpm, beats per minute; pre-op, preoperation; post-op, postoperation.

both VATS and the transthoracic approach are viable alterna-
tive techniques to total pneumonectomy. The current study
also performed thoracic exploration, surgical lung biopsy
and pericardial window creation successfully with the VATS
approach in dogs.

Pneumonectomy is a widely performed surgical tech-
nology that is used to cure pathological conditions including
lung tumors, congenital lung anomalies, chronic lung collapse,
chronic progressive lung inflammation, post-traumatic
diffuse parenchymal laceration and bronchial rupture. VATS
is considered to be the most significant progress made in
thoracic surgery at the end of the 20th century. Since the first
pioneering lobectomy completed using VATS (14,15), the
techniques and reliability of such surgeries have consider-
ably improved (16-19). VATS is now well established as an
alternative treatment to open thoracotomy for major resections
of lung cancer and benign disease. VATS has the advantage
of providing an improved visual field and cosmesis. Previous
studies have verified that VATS has other advantages, such as
a lower concentration of inflammatory cytokines (20), a lower
risk of developing chest infection, reduced pain and improved
lung function (21,22). An increasing body of evidence has
indicated that patients undergoing VATS experience a shorter
hospital stay, have their chest tubes removed earlier (23,24) and
have an improved prognosis (25). Aujesky er al (26) observed
good outcomes in patients who underwent video-assisted lapa-
roscopic resection of the esophagus for carcinoma following
neoadjuvant therapy.

Body temperature decreased during all surgeries in the
current study. A decrease in rectal temperature was observed
postoperatively in both groups; although heating blankets may

help, intraoperative hypothermia is inevitable. A lower rectal
temperature was observed postoperatively in the VATS group
compared with the open group, this is potentially due to the
operating time in the VATS group being much longer.

WBC, Gran and LY are factors that influence inflammation
and stress. The serum level of these factors was raised on day 1
following surgery; this may be due to the severe trauma caused
by surgery and anesthesia. However, the inflammatory reac-
tion reflected through WBC difference on day 1 suggested that
the thoracotomy caused more severe body stress, as the longer
incision increases the likelihood of infection. Considering this
with the change in APPs, no influence on the dogs owing to
a longer operating time or a bigger incision was observed;
however, suturing the incision took longer in the open surgery.

APPs may cause rapid response to infections, burns,
invasive surgery, inflammation and tissue injury stress. Levels
of the APPs CRP, SAA, and YKL-40 increase as a result of
the inflammatory response to infection or tissue damage, and
have been used to evaluate surgery technique, infection and
pathology progress. CRP and SAA levels increase in a number
of pathological states, including surgical trauma (27-30), esoph-
ageal neoplasia, infection with H3N2 swine influenza virus,
alcoholic liver and systemic inflammation (11,31-34). In the
present study, levels of all APPs increased significantly on day
1 postoperatively compared with baseline (preoperative levels)
and decreased over the subsequent time point measurements.
This change suggested that the surgery resulted in tissue trauma
and inflammation. Although animals in the thoracotomy group
exhibited more injury and pain postoperatively, VATS required
more surgical manipulation and therefore, resulted in a longer
time under anesthesia. This may explain the result observed in
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Figure 2. Hemodynamic changes assessed in all animals. Changes in (A) SBP, (B), DBP and (C) MAP in 14 dogs that underwent pneumonectomy (n=7 for
VATS and n=7 for open thoracotomy). "P<0.05 vs. preoperative value (baseline). SBP, systolic blood pressure; DBS, diastolic blood pressure; MAP, mean artery
pressure; OP, open surgery; VATS, video-assisted thoracoscopic surgery; pre-op, preoperation; post-op, postoperation.
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Figure 3. Hematology assessments in all animals. Changes in (A) WBCs, (B) RBCs, (C) LYs and (D) Grans in 14 dogs that underwent pneumonectomy (n=7
for VATS and n=7 for open thoracotomy). “‘P<0.05 vs. preoperative value (baseline) and “P<0.05 for VATS vs. transthoracic approach at the same time point.
WBC, white blood cells; RBD, red blood cells; LY, lymphocytes; Gran, granulocyes; OP, open surgery; VATS, video-assisted thoracoscopic surgery; pre-op,
preoperation; post-op, postoperation.
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Figure 4. Assessment of serum concentrations in all animals. Changes in (A) CRP, (B) SAA and (C) YKL-40 in 14 dogs that underwent pneumonectomy (n=7
for VATS and n=7 for open thoracotomy). “P<0.05 vs. preoperative value (baseline) and “P<0.05 for VATS vs. transthoracic approach at the same time point.
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Figure 5. Arterial blood gas analysis in all animals. Changes in (A) PaCO,, (B) PaO, and (C) pH in 14 dogs that underwent pneumonectomy (n=7 for VATS and
n=7 for open thoracotomy). PaCO,, partial pressure of carbon dioxide; PaO,, partial pressure of oxygen; OP, open surgery; VATS, video-assisted thoracoscopic
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the present study; that the serum concentration of CRP in the
VATS group was significantly higher compared with the open
group on day 3 postoperation, and that no differences were
observed between the two groups at other time points.

YKL-40 is not only an APP, but also a biomarker closely
associated with respiratory function. Elevated plasma YKL-40
is a prognostic indicator in patients with idiopathic pulmonary
arterial hypertension (35), predicts bronchiolitis obliterans
development in lung transplant recipients (36), predicts poor
prognosis in hepatocellular carcinoma (37) and is elevated
in patients with chronic obstructive pulmonary disease and
activated alveolar macrophages (38). Therefore, although
YKL-40 is not as sensitive as CRP and SAA in detecting
surgical trauma and inflammation, the changing concentration
of YKL-40 reflects the condition of the respiratory system.
In the present study, the change in YKL-40 was similar to
the changes in CRP and SAA as a result of body stress and
inflammation; no difference was observed between the two
groups, indicating that VATS did not have a greater effect on
the respiratory system than open thoracotomy.

Thoracic cavity surgery causes pulmonary tissue damage
and a decrease in respiratory function, which is reflected
by the change in blood gases. There was a slight change in
blood gases in all animals in the current study as a result of
mechanical ventilation. Significant changes in blood gases
during laparoscopic surgery have been reported owing to
pneumoperitoneum; therefore, use of the endoscope in the
thoracic cavity in the current study did not cause the complica-
tion of pneumoperitoneum.

Standard pleural drainage was not used in the present
study. Leakage or pneumothorax was not observed in any dogs.
Chest drain use remains controversial, as thoracotomy inci-
sions may damage the intercostal nerves and lead to chronic
neuropathy (39). Satherley ez al (40) reported that the use of
an intercostal chest drain following lung biopsy increased the
period of hospitalization and Nakashima et al (41) reported
that postoperative morbidity did not increase following
thoracoscopic lung wedge resection without a chest tube.
Luckraz et al (42) demonstrated that there was no requirement
for an intercostal chest drain in patients that had received VATS
lung resection if no air leakage was noted during surgery.
Intraoperative blood loss was not recorded in the current study,
as there was very minimal intraoperative bleeding in both
groups; however, the blood loss observed in the VATS group
was subjectively less than in the open group. The reason for
this may be the improved visual field and accuracy of surgery
due to the magnified image provided by the endoscope in
VATS.

A number of previous studies have demonstrated the feasi-
bility of the natural orifice transluminal endoscopic surgery
(NOTES) approach (transgastric, transumbilical, transoral,
transvaginal) applied in thoracic surgery and indicate that
NOTES caused less stress than the open approach (43-46). The
NOTES approach reportedly resulted in improved cosmetic
outcomes compared with VATS, laparoscopic surgery and open
surgery (47). However, a number of NOTES approaches in the
abdominal cavity (including gastric, uterine, and umbilical)
damaged the diaphragm and the surgical path was affected by
the liver (48-51). Further investigations are required to compare
the difference between NOTES and VATS in thoracic surgery.
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In conclusion, no significant difference between VATS
and open pneumonectomy was observed in dogs following an
analysis in the change to APPs and hemodynamics. Animals
in the VATS group experienced a longer surgical time and a
smaller incision scar. No complication was observed in either
group. Therefore, VATS is a feasible and safe approach for
pneumonectomy in dogs.
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