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Abstract: In low-dose CT screening era, an ideal preoperative localization method is essential for 
resection of small and deep-seated pulmonary nodules by video-assisted thoracoscopic surgery (VATS). This 
article focuses on intraoperative ultrasonography localization method during thoracoscopy. Performing 
ultrasonography intraoperatively is a real-time and alternative approach to localize small, non-visible and 
non-palpable pulmonary lesions without injury to lung parenchyma. Its widespread usage has been limited 
due to the air in the lung parenchyma; however, its application can be useful in some conditions with 
guidance to find the lesion.
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Introduction

Lung cancer has been an important health issue worldwide 
and in Asian countries (1,2). For early lung cancer, video-
assisted thoracoscopic surgery (VATS) has been adopted 
as an important tool in the treatment of this devastating 
disease through minimal invasive surgery. Low dose CT 
has been shown to be effective in the early detection of 
lung cancer, thus reducing mortality rates (3,4). However, 
the nodule requiring resection found out by screening 
is smaller and smaller. The difficulty of palpating makes 
VATS resection of deep-seated nodules or ground glass 
opacities hard.  Successful VATS for the resection of 
pulmonary nodules depends on intraoperative nodule 
identifying by direct visualization or palpation in the past. 
With the increased use of low dose CT, greater numbers 
of small lung lesions were disclosed. Deep-seated solitary 
pulmonary nodules are difficult to palpate or to see during 
VATS. Ground-glass opacity (GGO) is the most difficult 

one among them (5,6). Not only size but also distance to 
the pleural surface can influence the nodule detection rate. 
Localization can lead to successful VATS lung resection, 
and it would be best if simultaneously during operation. 
CT-guided localization was once raised to be effective 
preoperatively (7-10). Nevertheless, it carries with some 
risks and suffering. Therefore, this report focuses on 
intraoperative ultrasonography localization method during 
operation.

Ultrasonography during video-assisted thoracic 
surgery

More and more solitary pulmonary nodules, either single 
or multiple, are needed to be confirmed. Compared with 
needle biopsy, video-assisted thoracic surgical resection 
of the entire lung tumor is possible, and it is allowed for 
pathological examination. The potential benefit of reduced 
morbidity can be diminished of video-assisted thoracic 
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surgery if missing the localization target lesion or spending 
a lot of time searching it. The spatial relationships of the 
nodule to landmarks are changed by intentional collapse 
of the lung during operation. It will increase the difficulty 
of operation, too. Intraoperative ultrasonography during 
VATS origins from laparoscopic surgery. Ultrasound is used 
to detect small, deep lesions in the lung or mediastinum 
and to stage lung lesions on the basis of the results obtained 
during laparoscopic procedures (11-13). Failure to detect 
a nodule may require conversion to thoracotomy (14). It 
ranged from 0.7% to 7.5% from the earlier literature (15).  
The percutaneous localization techniques consist of 
different materials injection or insertion, including 
methylene blue, colored collagen (16), fluorescent dye and 
hook wire localization. Nevertheless, they have the risks of 
pneumothorax, hemothorax and lung hemorrhage. Besides, 
hook wire dislodgment from the pulmonary parenchyma 
was noted from time to time. Also, it requires two different 
spaces including the computed tomographic facility and 
the operating room simultaneously (11-13). Intraoperative 
ultrasound was doubted in the lung for localization because 
the air in the parenchyma often inhibits proper ultrasound 
examination. However, high-frequency ultrasound probes 
can overcome the disadvantage and it is very accurate 
in small pulmonary nodules localization with the size of  
20 mm or less (17). Generally, the inflated lung can prevent 
the use of intraoperative ultrasonography. The lesion can 
be visualized only when deflating the lung all the time. 
Moreover, careful suction of the airways can cause complete 
collapse of the lung which is useful for ultrasonography 
detection. Reducing residual air below the transducer by 
gently pressing on the lung surface with the ultrasound 
probe makes it possible to localize the lesion. In addition, 
multiplanar scanning of the area of interest can be allowed 
by the probe with a flexible tip (17). The target nodules with 
size more than 1 cm or large than 0.5 cm under the visceral 
pleura had a 63% detection failure rate during VATS (6). 
Another report (18) demonstrated that pulmonary lesions 
less than 1.5 cm in diameter if the distance from the pleural 
surface was large than 1 cm is also difficult to localize. 
Guiding both the linear stapler placement and the resection 
direction to complete surround the target tumor can be 
performed with aid of intraoperative ultrasound, too.

Small lung lesions can be found by intraoperative 
ultrasound when they are superficial, fixed in lung 
parenchyma, and solid. On the contrary, large but soft 
density tumor or GGO pattern could be more difficult 
to localize. Although complete collapse of the lung is 

essential to detect GGO by ultrasonography, detection is 
still hard in lung emphysema or poor pulmonary function 
patients. Ultrasonography during thoracoscopy to direct the 
resection of GGO was successful and can get good-quality 
ultrasound images in 56% of patients (19). Furthermore, 
GGO is similar to adjacent normal lung tissue in density 
and thus localizing them with ultrasonography is hard, even 
for experienced chest surgeons. Some pilot studies have 
measured the chance of detecting tiny pulmonary lesions 
including GGO with ultrasonography to define the limitation 
as well as to get the skills of chest surgeons better (20).  
Using the probe to press on the visceral pleura of the lung 
made us to eliminate the air around the tumor and to 
improve identification of GGO (21). Ultrasound disclosed 
pure GGO as hyperechoic lesion while part-solid GGO 
as mixed components with hyperechoic and hypoechoic 
lesion. It is particularly difficult to differentiate subtypes 
of adenocarcinoma of early lung cancer (21). Another new 
advancement evolves with robotic-assisted thoracoscopic 
surgery with da Vinci system. One China group showed 
intraoperative ultrasound equipped by robotic arm can 
achieve ultrasonographic localization for mixed ground-
glass nodules with CT values of −500 to −100 Hounsfield 
units with an efficacy of 87.5% (22).

Intraoperative ultrasound with VATS has some 
disadvantages that could limit its widespread use. The 
application is a challenging procedure that requires a lot of 
training and experience, as well as the problems associated 
with the collapsed lung. However, with proper learning, 
surgeons are still able to precisely utilize the ultrasound 
examinations in the VATS, even combining with robotic-
assisted thoracic surgery.

Conclusions

Thoracoscopy ultrasonography can localize invisible or 
nonpalpable lung tumors with great safety. However, 
it is particularly challenging for GGO lesions. It is an 
alternative one-step localization method and may assist in 
thoracoscopic lung surgery with increased accuracy.
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