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Ground glass opacity “GGO” lesions described radiologically 
as a focal or diffuse veil-like slightly increased computed 
tomography (CT) attenuation opacification of the lung 
through normal lung parenchyma structures. These lesions 
do not obscure the vascular structures or the rest of the 
anatomic details and do not yield air-bronchograms (1-3). It 
indicates sub-threshold parenchymal abnormalities below 
the spatial resolution of high-resolution CT (HRCT) and 
has attenuation between 300 and 600 HU (1,2). It is clear 
that not every GGO lesion is attributed to a malignant or 
pre-malignant pathology. Many other diseases of the lungs, 
such as acute or chronic infections and inflammatory 
pathologies, may come in the form of GGO (4). However, 
these diseases may be outside the scope of this article. The 
increased use of CT scan in daily practice and the adoption 
of the screening systems for lung cancer by some countries, 
such as China and the United States led to increasing the 
incidence of GGO lesions and to an increase on the number 
of patients undergoing surgeries for GGO resections (3). 
Most of GGOs (37% to 70% of cases) fade or disappear 
during follow-up with or without antibiotics therapy, and 
lesions that increase in size or petrify during the follow-up 
period must be taken seriously as the probability of 
containing the malignant cells may be higher (4,5). 
Adenocarcinoma accounts for 40% of lung cancer (6). After 
the term bronchoalveolar carcinoma “BAC” was a common 
term used, this type of lung cancer has been newly divided 
into five main subtypes: Atypical adenomatous hyperplasia 
“AAH” and Adenocarcinoma in situ “AIS” (these two are 
the pre-invasive types), Minimally invasive adenocarcinoma 

“MIS”, invasive adenocarcinoma, and variants of invasive 
adenocarcinoma (7). It is noticeable that there are 
differences in morphology and prognosis among the five 
species mentioned above (7). Since the eventuality of nodal 
metastases is much lower in GGOs (8), recent attention has 
focused on anatomical or non-anatomical sub-lobar 
resections may be an alternative to standard lobectomy 
(9,10). As mentioned before, GGO lesions that do not 
disappear during the follow-up period are often malignant 
or pre-malignant (11). According to recent retrospective 
studies, it appears that the resection of these lesions is very 
effective with a very low recurrence rate which is close to 
zero (12,13). Not so long ago when thoracotomy was the 
most common way to access to the lung and the thoracic 
cavity, it was not an easy for the pulmonologist or for the 
surgeon and of course for the patient to accept the idea of 
opening the chest in order to resect a small tiny GGO. 
Everyone was inclined to watch and follow up as much as 
possible. Surgery was often a last resort and was not seldom 
to come late. With the development of thoracoscopic 
surgery, and after the uniportal VATS became a routinely 
conducted surgeries in many centers around the world, the 
trend toward eradicating these lesions has become more 
liberal and easier to accept by all. No doubt that VATS 
surgeries in general and the recent developments that 
reduced the invasiveness of operations more and more with 
the uniportal and subxiphoid approaches, began to change 
the rules of the game. As surgeons gain greater experience 
in this field, GGOs can be treated with more rigorous, 
faster and safer surgeries. Despite all the above and 
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regardless of all the advantages of the VATS, there are still 
some obstacles that face us. Perhaps the most important 
hitch is to identify the location of the lesion. This can easily 
be applied with digital palpation through a thoracotomy. 
However, this may be somewhat limited in VATS, especially 
when the tumor in an area that is far from the incision. 
Distance between the nodule and the pleural surface is the 
most important determinate of thoracoscopic visibility (14). 
Nodules deep to the pleural surface must be localized 
preoperatively. There are many solutions to this problem, 
and each has advantages and disadvantages. With the 
beginning of the 1990s, with the development of VATS, 
publications began to appear to describe ways for locating 
pulmonary nodules. Wicky et al. described a series of CT-
guided localization of pulmonary nodules with methylene 
blue injection. Good results were shown throughout this 
paper. In addition to the lack of surgeon radiation, the 
technique was proven to be safe and effective to avoid 
thoracotomy in most of cases, but disadvantage with this 
technique was the spread of methylene blue on the lung 
surface away from the site of injection, which may force the 
surgeon to resect excessive pulmonary tissue (15). To 
prevent this happening, there have been attempts to mix the 
dye with other materials that may limit its spread over the 

surface such as cyanoacrylate adhesive, collagen or 
autologous blood (16-18). These binding materials have 
improved the success of localization, but sometimes they 
may be difficult to mix, some of which may cause a negative 
reaction. Minor complications as pneumothorax and intra-
parenchymal bleeding were reported after puncturing the 
lung. Although rare, but serious complication as anaphylaxis 
was also reported (19). Hook wire marking was derived 
from breast operations, where the same wire used in 
marking the breast lesions was initially used. This method 
also provides the lack of exposure of the surgeon to the 
harmful radiations and the abandonment of the fluoroscope 
during the procedure in addition to the high success rates, 
which exceed 95% according to most studies (20-23). 
However, pneumothorax and dislodgment of the wire are 
still obstacles in this method. Pneumothorax incidence after 
hook wire insertion in variable in the literature (8–40%) 
(21-24) and its usually subclinical. Dislodgment (Figure 1) 
was reported in about 5% of cases in most publications and 
usually occurs during the manipulation of the lung 
(especially when there are dense lung adhesions) or at the 
time of lung deflation (21-24). Significant complications 
such as massive hemothorax and air embolism were rarely 
reported. Microcoil and fiducial marking is a technique that 
is somewhat similar to the hook wire placement with similar 
success rates and complications but is more comfortable to 
the patient. The microcoil is placed and deployed to the 
lung via a coaxial needle, with no wire protruding outside 
the patient’s body while waiting the surgery. However, this 
technique requires the use of fluoroscopy, which may 
consume additional time of the procedure, in addition to 
exposing the patient and medical staff to radiation (25-27). 
Some have taken the idea of injecting the lipidol or barium 
under the guidance of CT in order to localize the lesions. 
This technique requires the use of fluoroscopy during the 
surgery, in addition to the fact that the barium may be 
harmful to the lung and may affect the accuracy of 
pathological diagnosis. That’s the reason why lipidol is 
preferred (28,29). Other advantages to lipidol are its 
durability, and its slow diffusion. To increase the chances of 
success and accuracy, there are those who experimented 
guided localization in hybrid operating room (30) and others 
reported the utilization of dual techniques such as injecting 
lipidol at the same time with the hook wire insertion which 
resulted in excellent results (31). Intraoperative near-infrared 
imaging (NIR) is a newly introduced technique that relies on 
the injection of indocyanine green. Using the NIR imaging 
device, hidden tumors could be detected but this technique 

Figure 1 Unfavorable situations after hook wire insertions. (A) 
Wire dislodgment; (B) wire with adhesions.
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carries higher false positive and false-negative rates than 
other methods (32). Intraoperative ultrasound has been used 
during the past, but in a limited tendency. Although it is an 
effective method to localize GGOs with excellent success 
rate, its limitation is the need of a radiologist with 
experience in ultrasound, which is difficult to provide 
constantly. But this way is still promising, especially with 
the great development which occurs on ultrasound devices 
and the possibility of teaching surgeons to use this tool  
(33-36). The basic difference between the conventional 
multi-portal VATS and the uni-portal technique is the 
instrumentation and the space availability within the 
incis ion during the operation through which the 
instruments are introduced. Since most tumors localization 
methods are applied prior to the surgery, this has no 
relevance to the number of ports that will be used. The use 
of intraoperative ultrasound may be a different situation 
because of the need to insert the probe (Figure 2) through 
the wound may be maladjusted with instruments if not done 
the right way. Probably the best way to avoid this is to insert 
the probe in the posterior part of the incision while keeping 
the thoracoscope at the anterior part of it and then put the 
rest of the instruments in between thus the ultrasound could 
be used smoothly and effectively (Figures 3,4). Finally, all of 
the above-mentioned methods do not at all replace the 
thorough broad familiarity of the surgeon with the surgical 
anatomy of the lungs and their segments. In cases where 
tumors marking methods are not available, surgeon should 
able to know how to determine the location of the lesion 
and perform the resection according to the segment located 
in it. 

Conclusions

GGOs lesions may be benign, malignant or pre-malignant. 
Due to the increasing availability of CT scan and the 
development of screening systems, we see this kind of 

Figure 2 Endoscopic ultrasound probe.

Figure 3 Ultrasound instrumentation. (A) Thoracoscope at the 
anterior part of the incision; (B) the endoscopic ultrasound probe 
at the posterior part of the incision.
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lesions more often. With the development of minimally 
invasive techniques, surgeons tend to be more liberal for 
resecting GGO lesions. In order to overcome the obstacle 
of locating the tumor, there are many useful ways, each 
of which has advantages and disadvantages. No doubt the 
meticulous surgeon’s knowledge of the details of thoracic 
anatomy is indispensable for this type of operations. 
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