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Intraoperative events can occur during video-assisted thoracoscopic surgery (VATS) lo-
bectomy due to unfavorable surgical anatomy, such as dense adhesions or calcifications 
around the pulmonary arteries. Troubleshooting intraoperative complications is essential 
for performing safe and successful VATS pulmonary resection and lymph node dissection. 
If continuous bleeding occurs or VATS does not proceed despite all measures, conversion 
to open thoracotomy should not be delayed.
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Introduction

Video-assisted thoracoscopic surgery (VATS) pulmonary 
resection and lymph node dissection is a widely accepted 
technique for early-stage non-small cell lung cancer [1,2]. 
A learning curve is required to perform VATS lobectomy 
for lung cancer. VATS lobectomy is known to be associated 
with a significantly higher rate of intraoperative complica-
tions than open thoracotomy lobectomy [3]. Intraoperative 
events can occur during VATS lobectomy when performed 
by either an experienced surgeon or a novice surgeon due 
to unfavorable surgical anatomy, such as dense adhesions 
or calcifications around the pulmonary arteries. Trouble-
shooting intraoperative complications is essential for per-
forming safe and successful VATS pulmonary resection 
and lymph node dissection. This article reviews the causes, 
related factors, and troubleshooting and prevention strate-
gies for intraoperative events during VATS.

Bleeding

Significant unexpected bleeding mainly occurs due to 
injuries of the pulmonary arteries, pulmonary veins, and 
bronchial arteries. Inappropriate and unclear exposure and 
careless dissection, ligation, or division of vessel structures 
were found to be the most common causes of vascular in-

juries [4]. Stapler or device malfunction leading to bleeding 
is relatively rare, and most cases are likely related to the 
surgeon’s error [5].

The most common bleeding sites during VATS are the 
pulmonary arteries. It is recognized that patients receiving 
neoadjuvant chemotherapy and/or radiation therapy and 
those with larger tumors are at greater risk for an arterial 
injury [6,7]. The presence of calcified lymph nodes between 
the pulmonary artery and bronchus causes bleeding issues, 
especially in older patients with previous inf lammatory 
disease. Pulmonary vein injuries are much less common 
than pulmonary artery injuries. Careless dissection of the 
inferior pulmonary ligament can cause injuries to the infe-
rior pulmonary vein. Bleeding from the bronchial arteries 
is common during VATS, but can be easily controlled by 
compression, electrocautery, ultrasonic energy devices, or 
hemoclips. However, postoperative bleeding from the 
bronchial arteries, especially along the bronchial stump or 
subcarinal area, requires reoperation for bleeding control.

Appropriate exposure and detection of anatomical struc-
tures with attention to careful and meticulous vascular 
dissection, ligation, and division are the most critical ele-
ments for avoiding serious injuries [8]. Inadequate expo-
sure of the hilar structures is rather common when vision 
is provided from the lower port below the sixth intercostal 
space. Three-dimensional-view VATS provides better visu-
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alization than 2-dimensional VATS [9,10], enabling more 
comfortable identification and dissection of vascular struc-
tures.

A basic safety strategy is to keep a sponge or a clamp on 
the back table as preparation for sudden unexpected bleed-
ing during any minimally invasive surgery. The instant 
goal is the immediate control of hemorrhage and restoring 
the view of the operative field. Direct compression using a 
sponge stick or the surrounding lung is an effective way to 
stop or decrease bleeding from injured vessels. However, in 
cases of massive bleeding, it may not be easy to identify the 
bleeding focus. After sufficient compression for at least a 
few minutes, while maintaining a stable blood pressure 
and heart rate, the decision should be made regarding how 
to control bleeding and continue with the next step of the 
procedure. Conversion to open thoracotomy should also be 
considered if the vital signs are unstable due to continuous 
bleeding. Compression itself, electrocautery, hemostatic 
clips, and other hemostatic agents may also be used. A wet 
fibrin sealant patch is placed over the bleeding focus and 
compressed gently for at least a few minutes. This maneu-
ver is usually enough to stop bleeding. If bleeding contin-
ues, vascular clamping of the proximal portion of the 
bleeding focus with an endoscopic vascular clamp is the 
next step, but it is difficult for novice surgeons to control 
the bleeding with a vascular clamp. After successfully 
clamping the proximal part of the injured vessel, primary 
repair with a suture could be done. Increasing the number 
of VATS ports may be helpful to obtain better exposure of 
the injured vessels and control the bleeding.

A novel method for managing vascular injuries, called 
the suction-compression angiorrhaphy technique, involves 
first controlling bleeding by side-compression of the in-
jured site with endoscopic suction. Then, angiorrhaphy is 
performed with a running suture, with the specific proce-
dure depending on the size and location of the injuries; 
options include direct suturing upon suction compression, 
suturing after substituting suction compression with 
clamping of the injured site, or suturing after attaining 
proximal cross-clamping of the main pulmonary artery 
[11].

If bleeding continues despite all measures, conversion to 
open thoracotomy should not be delayed. Compression 
with a sponge stick over the bleeding focus should be 
maintained via the lower port when making the thoracoto-
my extension.

Bronchus injury, fused interlobar 
fissure, and air leak

Bronchial injuries occurred in 6 (0.94%) of 633 patients 
who underwent VATS anatomic lung resection, requiring 3 
unplanned pneumonectomies and 1 unplanned bilobecto-
my, and causing 1 tracheoesophageal fistula and 1 mem-
branous airway injury to the bronchus intermedius [3]. Di-
rect injury to the bronchus by electrocautery or an 
ultrasonic device is clearly identified during the air leak 
test after the completion of lung resection, but it is not pos-
sible to check intraoperatively for a delayed bronchial inju-
ry caused by a thermal mechanism. A minimal injury to 
the membranous portion of the bronchus or an inade-
quately stapled stump of the bronchus can become aggra-
vated to form a bronchopleural fistula in patients with dia-
betes mellitus or chronic steroid usage. Reinforcement of 
the bronchial stump with pericardium or a fibrin sealant 
patch over the bronchial stump and neighboring bronchus 
could decrease the risk of bronchial fistula after the opera-
tion.

When lobectomy is performed in a patient with a fused 
interlobar fissure, there is a higher risk of air leakage [12]. 
There is no consensus regarding the choice between a fis-
sure-last technique [13] and a fissure-first technique [14] 
during VATS lobectomy. Careful identification of the pul-
monary vein pathway is required in cases of right upper lo-
bectomy. Some portions of the middle lobe and lower lobe 
drained into the superior pulmonary vein via the upper 
pulmonary vein, so careless transection of those tributaries 
may result in congestion of the middle lobe and lower lobe 
after right upper lobectomy. Therefore, a fissure-first tech-
nique is recommended in right upper lobectomy. A totally 
fused, thick interlobar fissure is a reason for conversion to 
open thoracotomy.

Prolonged air leak is a major reason for long hospital 
stays and remains a common complication after VATS lo-
bectomy. Several risk factors for prolonged air leak have 
been identified, including old age, a body mass index un-
der 24.0 kg/m2, the surgeon’s experience, the surgical site 
(upper lobectomy and bilobectomy), decreased pulmonary 
function, fused fissure, and pleural adhesions [15,16]. Me-
ticulous care should be taken during the division of a fused 
fissure and pleural adhesiolysis in patients with these fac-
tors.
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Miscellaneous tips to manage and 
prevent intraoperative events

(1) �Postoperative delayed gastric emptying could be min-
imized by taking care not to damage the vagus nerve, 
especially when dissecting the subcarinal nodes and 
aortopulmonary nodes. Meticulous care should be 
taken when performing lobectomy and node dissec-
tion in patients who have previously undergone con-
tralateral lobectomy and node dissection.

(2) �Avoid damaging the recurrent laryngeal nerve when 
dissecting the right upper paratracheal nodes and left 
lower paratracheal nodes and aortopulmonary nodes.

(3) �Injuries of the diaphragm or esophagus are indolent 
and subclinical during the operation or the immedi-
ate postoperative days.

(4) �The anvil tip of endoscopic staplers is slightly trau-
matic, so care should be taken when manipulating 
staplers.

(5) �Conversion to open thoracotomy should not be con-
sidered a source of shame to the surgeon. Even ex-
perts need to convert to thoracotomy when facing a 
difficult situation during VATS lobectomy. Please do 
not forget that VATS is not a goal of surgery itself, but 
instead one of multiple approach techniques.
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