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Introduction

Advances in thoracoscopic tools have led to an increase in 
thoracic procedures being performed by video-assisted 
thoracic surgery (VATS). In Japan, approximately 70% 
of lung cancer resections are performed by VATS (1). 
Therefore, thoracic surgeons should have the ability and 
experience to tackle intraoperative bleeding not only during 
open surgery but also during thoracoscopic surgery. From 
that standpoint, VATS is advantageous because the surgical 
procedure can be recorded, and thus a bleeding event can be 
reviewed, shared, and analyzed for further prevention and 
management.

Prevention of bleeding during VATS

An important aspect in the management of intraoperative 
bleeding is to prevent its occurrence and to be prepared 
in case it does occur. A preoperative workup should be 
routinely performed, and situations that could possibly 
lead to intraoperative bleeding should be predicted, such 
as extensive adhesion, calcified lymph nodes, or fused 
fissure. We should pay attention when a patient has a 
history of pneumonia, pleuritis, and we must carefully check 

the computed tomography images preoperatively. Basic 
rules for preventing bleeding include gentle handling of 
tissues, accurate recognition of anatomical structures, and 
appropriate use of energy devices. Energy devices have 
specific issues, such as thermal diffusion at the tip or side 
surface.

In terms of the surgical view, VATS has both advantages 
and disadvantages compared with open surgery (2). A 
magnified view of the surgical field facilitates recognition 
of detailed anatomy, with visualization from various 
directions that may be occasionally difficult to obtain during 
thoracotomy. Conversely, areas outside the monitored 
view are potentially dangerous blind sites, and excessive 
magnification or incompletely collapsed lung can lead to 
an insufficient view of the entire anatomy. We should pay 
attention to surgical tools when handling them outside of 
the monitored view.

To avoid misidentification or oversight of important vessels, 
a detailed observation of the anatomical vasculature both before 
and during surgery is beneficial. Furthermore, recognizing 
atypical vessels, such as aberrant V2 or V6, is required while 
dissecting the interlobar fissure. We recommend using  
three-dimensional analysis prior to surgery because it allows an 
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intuitive recognition of the entire pulmonary bronchovascular 
anatomy that can be easily shared with the surgical team (2-5).

Preparation for bleeding during VATS

This step involves not only the chief operating surgeon but 
also the assistant surgeon, scopist, nurses, and anesthetist. 
A hospital infrastructure facilitating rapid blood transfusions 
in cases of unexpected bleeding would also be beneficial in 
institutions that routinely perform major lung resections.

When conversion from VATS to thoracotomy is 
necessary, an access site used for VATS will be elongated. 
Usually, the intercostal space used as access window will be 
further used for thoracotomy (6). Accordingly, the initial port 
placement adopted for VATS can affect the thoracotomy 
when conversion is required. Thus, whenever we perform 
a VATS procedure, we have to consider how we would 
convert from the VATS port placement to thoracotomy in 
a case of uncontrollable bleeding or if there is a need for 
discontinuation of the VATS approach. In our surgical team, 
the access window is mostly placed in the 4th or 5th intercostal 
space, which allows conversion to routine thoracotomy using 
the same intercostal space.

Classification and management of bleeding 
(Table 1)

A classification that permits rapid assessment is required 
for prompt decision-making. Currently, the classification 
and grading of bleeding is diverse among surgeons and 
management is accordingly different. Demmy et al. classified  
bleeding events as “mild” and “more serious” in an article 
describing trouble management encountered during 
VATS lobectomies (6). Similarly, Gonzalez-Rivas classified 
bleeding into three types: “oozing,” “minor,” and “major” (7).  
Management of bleeding is affected by its volume and the 
site of bleeding. Oozing primarily refers to bleeding from 
adhered lung or thoracic wall. Minor or mild bleeding 
comprises bleeding from vessels smaller than 3–4 mm, 
bleeding from small tears of the distal pulmonary artery, 
bruising of pulmonary artery branches, and injuries to vascular 
stumps. Major or moderate bleeding refers to significant 
bleeding from proximal pulmonary arteries or veins. 
Finally, heavy or more serious bleeding would be defined as 
bleeding from pulmonary vessels exceeding 500 mL (7,8).  
In an attempt to rapidly assess and classify VATS bleeding in a 
generalized manner, we termed oozing as grade 1, minor/mild  
bleeding as grade 2, major/moderate bleeding as grade 3, T
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and heavy/more serious bleeding as grade 4 (Table 1).
For grade 1 bleeding, compression, direct coagulation, or 

hemostatic material is recommended. Grade 2 bleeding should 
be controlled by the application of mild pressure. Additionally, 
thrombostatic material, biological sealant, coagulation, and 
energy devices can be used. Extension of access port incision 
should also be considered in grade 2 bleeding because early 
control is essential to avoid further progression to grade 3  
or 4 bleeding. For grade 3 to 4 bleeding, the first and most 
important method is also direct compression. Manual 
compression is not possible during VATS; thus, compression 
may be applied via a sponge stick, suction, or the adjacent 
lung parenchyma. Options for hemostasis following initial 
compression include use of hemostats, sealants, vascular 
clips, or direct suturing. Because clips are prone to accidental 
displacement, the use of two clips and/or additional sealing 
of the proximal end are recommended. Direct suture should 
be performed if these previous methods fail or are difficult 
to perform. However, suturing of a critical bleeding site by 
VATS can be challenging. Suturing may be accompanied 
by isolation of the main pulmonary artery and preparation 
for clamping. If bleeding occurs during removal of a stapler, 
clamping of the bleeding site by reapplication of the stapler 
can be considered. 

During conversion to thoracotomy, tamponade using 
a sponge stick or application of ring forceps should be 

performed. Bleeding events that require conversion to 
thoracotomy is a potential threat to patient safety. The 
surgical team needs to construct a common algorithm that 
they can rapidly refer to in case of uncontrollable bleeding. 
An effective algorithm should include the definition of 
the type of bleeding that requires conversion and a simple 
sequence of procedures. At our institute, we currently take an 
intraoperative decision based on a simple algorithm (Figure 1).  
We consider prompt conversion to thoracotomy when (I) 
the bleeding originates from a systemic arterial circulation; 
(II) the point of bleeding cannot be determined; or (III) 
when the bleeding is caused by stapler-related problems (i.e., 
stapler failure). Otherwise, we may attempt hemostasis by 
VATS; however, we constantly reconsider transitioning to 
thoracotomy if hemostasis is difficult to achieve. Such an 
algorithm should be refined according to each institution and 
surgical team because technical, instrumental, and human 
resources can differ, i.e., the presence of a cardiovascular 
team, availability of a blood-withdrawal system, or the 
amount of blood stocks.

Video cases: hemostasis by use of sealant

In our institute, we use TachoSil® Tissue Sealing sheet (CSL 
Behring, Tokyo, Japan) as a sealant, which is commonly 
used in Japan. TachoSil® is a sealant matrix containing 
human thrombin and fibrinogen. Upon contact with the 
bleeding site, the thrombin-fibrinogen reaction is activated, 
resulting in fibrin formation. TachoSil® and its predecessor 
product, TachoComb®, which contained bovine thrombin, 
have proven efficacy in hemostasis from various organs, 
including the pulmonary artery (9,10). We believe that 
achieving hemostasis using sealants should be attempted 
prior to conversion to thoracotomy, particularly when the 
bleeding occurs from areas where control is not always easier 
to achieve by thoracotomy. For example, bleeding from the 
intermediate pulmonary trunk may require isolation of the 
pulmonary artery at three sites: at the proximal site and at 
two distal sites, middle and lower pulmonary artery. Also, 
bleeding from vessels near the apex of the thoracic cavity 
is also difficult to visualize, clamp, and suture even after 
thoracotomy. In such cases, hemostasis by VATS using 
sealants may be quicker and easier.

Here we present two cases of VATS bleeding in which 
hemostasis was achieved using TachoSil®. One of the most 
common bleeding sites during VATS is the pulmonary artery, 
and we typically use TachoSil® for pulmonary artery bleeding 
(Figure 2, bleeding during right upper lobectomy) and 

Bleeding 

1. Systemic arterial circulation
2. Undetermined bleeding point
3. Stapler-related

Uncontrollable by  
compression/coagulation/ 

use of sealant 

Hemostasis by VATS 

Conversion to 
thoracotomy

Yes

No

Figure 1 Algorithm for bleeding during a VATS procedure. 
Overview of our current algorithm during a VATS procedure. We 
consider conversion to thoracotomy when the bleeding is either 
from an artery of systemic circulation, from an undetermined 
bleeding point, or due to stapler-related problems. Otherwise, we 
attempt initial hemostasis by VATS but convert to thoracotomy if 
it is still uncontrollable after compression, coagulation, or use of 
sealant. VATS, video-assisted thoracic surgery.
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occasionally for bleeding from systemic venous circulation 
(Figure 3, accessory hemiazygos vein). Upon bleeding, we 
first achieve temporary hemostasis by compression. We 
occasionally use adjacent organs for initial compression, such 
as an adjacent lung lobe during lung resection procedures 
or pericardial or mediastinal fat when the bleeding point is 
located near the anterior mediastinal area. During this initial 

compression period, we prepare for potential thoracotomy 
or transfusion and discuss methods of hemostasis within 
the team. If the location of the bleeding point is unclear, we 
refer to three-dimensional computed tomography images or 
immediately check the operation video. In our surgical team, 
we do not commonly select suturing for hemostasis during 
VATS because it can potentially aggravate the situation. 
Instead, we generally use sealants. After initial hemostasis 
by compression, we gently but quickly apply TachoSil® to 
the bleeding point. Although we cannot always stop bleeding 
with the sealant, we may still expect to reduce bleeding 
by compression with the sealant, as shown in Figure 3. 
Compression should not be too strong because it may enlarge 
the injury site, and it should be possible to feel the pulse of 
the pulmonary artery via the tip of the cotton stick. After 
several minutes of compression with TachoSil®, we slowly 
and gently remove the cotton stick with caution so as not to 
remove TachoSil® from the bleeding point. Application of 
lubricant jelly between the cotton stick and TachoSil® may 
prevent adhesion of the sealant to the cotton stick. We then 
apply additional TachoSil® to the bleeding site to achieve 
final hemostasis.

Conclusions

Bleeding during VATS is an important issue that ideally can 
be prevented. Although the incidence of bleeding during 
VATS may be low among skilled surgeons, it cannot be 
completely avoided, and we must be prepared for such 
situations. Infrastructure and surgical resources greatly 
differ among institutions and countries, but there are 
common issues in bleeding that can be shared, aiding in 
their prevention and in preparedness of thoracic surgeons. 
Here we reviewed our concept of VATS bleeding that we 
currently share within our surgical team. We believe that a 
key to safe surgery is to prepare for the worst and to strive 
for the best.
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Figure 2 Hemostasis of bleeding from pulmonary artery (11). 
Bleeding occurred after stapling while performing a right upper 
lobectomy. The surgical approach was by four-port VATS with 
the surgeon standing on the ventral side and the assistant on the 
dorsal side. The bleeding occurred from the edge of the resected 
stump of the upper lobe pulmonary artery, and initial hemostasis 
was achieved by compression with a cotton stick with subsequent 
hemostasis with use of sealant. VATS, video-assisted thoracic 
surgery.
Available online: http://www.asvide.com/article/view/28730

Figure 3 Hemostasis of bleeding from accessory hemiazygos vein (12). 
Bleeding from the accessory hemiazygos vein during a lymph node 
dissection of the left upper mediastinum. Hemostasis was achieved 
by application of sealants.
Available online: http://www.asvide.com/article/view/28731
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