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Abstract: A growing number of ground-glass opacity (GGO) nodules are screened out in lungs. Small 
GGOs are frequently neither visible nor palpable, thus undetectable during operation. Various nodule 
localization techniques have been developed to facilitate the intraoperative detection of GGO nodules; 
however, general localization techniques are infeasible or inappropriate in some cases. The detection of 
small GGO is a great challenge, even within a surgical specimen in the absence of preoperative localization. 
A localization-independent approach for GGO detection is urgently needed. Herein, we report two cases 
with invisible and impalpable small GGO which were not appropriate for preoperative localization. The 
lesions were anatomically resected under the guidance of three-dimensional (3D) reconstruction and got 
an adequate margin distance. A vessel (artery, vein, or bronchus) which had advanced into or immediately 
adjacent to the nodule was assigned as a reference vessel. By dissecting and tracing the reference vessel from 
proximal to distal, the GGO lesions were successfully detected in the surgical specimens, to the eventual 
obtainment of an accurate pathological diagnosis. Via the two case reports, we introduced an easily handled 
approach, namely dissecting and tracing a reference vessel, for GGO detection. The novel approach was first 
described. Combined with precise anatomical segmentectomy guided by 3D reconstruction, it provides an 
alternative scheme for GGO resection with no need for preoperative localization.
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Introduction

The widespread application of low-dose computed 
tomography (LDCT) screening and extensive implementation 
of lung cancer screening programs have substantially increased 
the detection rate of ground-glass opacity (GGO) lesions (1).  
Persistent GGO is more likely to be malignant. Ye et al. 
reported that 1,070 of the 1,155 (92.6%) GGO lesions turn 
out to be malignant after resection (2). Young female non-
smokers were found to get a high GGO detection rate, which 
may relate to risk factors such as cooking fumes, second-hand 

smoking, hormones, air pollution. While the exact etiology of 
GGO remains to be clarified (3). Video-assisted thoracoscopic 
surgery (VATS) resection remains the first treatment option 
for GGO. However, small subpleural GGOs are frequently 
neither visible nor palpable, and due to their low density and 
small size, the detection of nodules during the VATS resection 
process presents quite a challenge for surgeons. To overcome 
those challenges, various techniques have been designed 
to mark small pulmonary nodules (SPNs) during VATS 
resection, including hook wire (4) or micro coils placement (5), 
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methylene blue (6) or tissue adhesive injection (7), and so on. 
Although the success rates of the abovementioned methods 
have been reported as fair, most of those techniques are 
invasive, posing the risk of complications like pneumothorax, 
hemothorax, and pleural pain. Moreover, some locations 
(such as in the apex of the lung, behind the scapula, and so 
on) are technically infeasible for those locating techniques (8). 
Three-dimensional (3D) reconstruction simulation allows 
precise visualization of pulmonary arteries, veins, bronchus, 
and target lesions, while revealing anatomical variations (9). 
Yang et al. raised that 3D reconstruction is an efficient and 
non-parenchymal injury tracing method for GGO lesions’ 
location while undergoing thoracoscopic segmentectomy (10). 
Under the guidance of 3D reconstruction, precise anatomical 
segmentectomy resection, including subsegmentectomy or the 
combinations, signifies a new direction for resection of GGOs 
independent of localization techniques.

Without nodule localization, it is a huge challenge for 
both the surgeon and pathologist to detect invisible or 
impalpable GGOs even with an in vitro surgical specimen. 
The failure of detection may ultimately lead to no 
pathological confirmation which will affect the subsequent 
treatment decision. Moreover, doubts may arise regarding 
whether the nodule had been resected or not when it is 
close to the cut edge. This lack of clarity would cause great 
psychological stress to both doctors and patients. Hence, 
an accurate and easily handled method to detect invisible 
and impalpable GGOs within in vitro surgical specimens 
is urgently needed. Visa the following two cases, we will 
introduce a novel approach, that is dissecting and tracing a 
reference vessel, to detect GGOs in the surgical specimen 
after anatomical resection. Our approach, combined with 
precise anatomical resection, presents an alternative, 
supplementary, and sometimes remedial method to deal 
with invisible or impalpable GGOs. It was routinely utilized 
in our surgical group for deep impalpable GGOs, and was 
successfully performed in about 40 cases. To the best of our 
knowledge, this is the first time that this approach has been 
described. We present the following cases in accordance 
with the CARE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-4966).

Methods

The preoperative high-resolution computed tomography 
(HRCT) data (contrast-enhanced CT with a slice thickness 
of 1.0 mm, DICOM standard format) was obtained from an 
imaging workstation in our hospital. The data was sent to 

Qingdao Hisense Medical Equipment Co., Ltd. (Qingdao, 
China) for 3D reconstruction simulation and was then used 
for the construction of a surgical plan. Usually, for deep and 
impalpable nodules, vessel enfolding, meaning that that the 
lesion is enfolded by vessels (artery, vein, or bronchus) or that 
there is at least 1 vessel between the target nodule and cutting 
plane, is mandated to ensure that the nodule is resected with 
an adequate margin distance. A relatively superficial vessel 
which had advanced into or was immediately adjacent to the 
nodule was assigned as a reference for the localization. Under 
the guidance of 3D reconstruction, the surgery proceeded 
as usual (11). The central part of the intersegmental plane 
was dissected by an electric or ultrasonic scalpel, while the 
peripheral part was cut by staplers. After the specimen had 
been removed from the thoracic cavity, palpation was the 
first method used to detect the nodule. If it was deemed a 
failure or indeterminate, we did not incise the specimen 
for fear of corrupting the anatomical integrity; instead, the 
selected reference vessel was carefully dissected and traced 
from proximal to distal. The lung tissue between the pleura 
and the reference vessel was incised to expose the vessel. 
Every time we encountered branches, repeated matching 
with the 3D reconstruction image was performed to select 
the right bifurcation to trace forward. For the nodule that 
the absent reference vessel advanced into, the direction to 
cut the lung tissue should be thoroughly considered to avoid 
the nodule being dissected in the cut surface. By taking these 
measures, the nodule size cannot be artificially reduced, 
which may increase the difficulty of nodule localization. 
With the assistance of a 3D reconstruction image, there is no 
difficulty in identifying whether the nodule adjacent to the 
reference vessel is on the right or left side. As the anatomy 
nears the target area, the target nodule could be easily found 
by incising the lung tissue adjacent to the reference vessel. 
Meanwhile, for the nodule that the reference vessel advanced 
into, the target lesion will be exposed as we dissect along the 
reference vessel. The nodule is then marked with a suture 
and sent for frozen-section examinations. Intraoperative 
frozen pathology determines the remainder of the surgery.

Case presentation

Case 1

A 63-year-old female patient was admitted to our 
department for treatment of multiple nodules in the right 
lung. She did not feel any discomfort and had no specific 
history of malignant tumors. The HRCT scan revealed a 
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10 mm GGO (CT value: −862 to −368 HU) in the right 
middle lobe and another 5 mm GGO (CT value: −834 to 
−357 HU) in the right lower lobe. The preoperative 3D 
reconstruction showed that the 5 mm GGO in the right 
lower lobe was located in the S8a subsegment and that 
the nodule lay adjacent to the left of the branch of V8a. 
Relevant preoperative examinations found no apparent 
contraindications. Right middle lobectomy and right 
lower S8a subsegment resection were proposed. Under 
general anesthesia and single-lung ventilation, the left 
decubitus position was taken. A 1 cm incision was made 
in the midaxillary line of the 7th intercostal space on the 
right side as an observation hole. A 3 cm incision was made 
in the anterior axillary line of the 4th intercostal space on 
the right side as an operation hole. During the operation, 
the right middle lobe was removed at first, and the S8a 
subsegment resection of the right lower lobe followed. 
After dissociation and transection of the A8a artery, B8a 

bronchus, and V8a vein, the intersegmental plane was 
confirmed by the inflation-deflation method. The central 
part of the intersegmental plane was dissected by an electric 
or ultrasonic scalpel, while the peripheral part was cut 
by staplers. Then, the S8a subsegment was removed, and 
the lesion was neither visible nor palpable in the surgical 
specimen. The V8a was selected as a reference, and the 
segment was incised from the direction of oblique fissure. 
After dissecting and tracing about three branches, the 
lesion was found just beside the left side artery (Figure 1). 
The resection margin was verified as reasonably sufficient. 
Intraoperative pathology confirmed that the bigger nodule 
was micro-invasive adenocarcinoma, while the smaller 
nodule was adenocarcinoma in situ. The postoperative 
paraffin pathological results were consistent. A chest 
X-ray on the second day after surgery showed a good lung 
re-expansion. The patient recovered smoothly and was 
discharged on the third day after surgery.

Figure 1 CT scan image, 3D reconstruction, surgical specimen and paraffin section of the GGO lesion in RS8a. (A) The CT scan shows the 
smaller GGO lesion in the right S8a; the yellow arrowhead indicates the location of the GGO. (B) The 3D reconstruction image of lung, 
the right V8a vein is selected as the reference vessel, the GGO lies just on the left of its branches. The black arrowhead indicates the bigger 
GGO in the right middle lung. (C) In vitro specimen of subsegmentectomy, V8a vein was carefully dissected and traced, the target GGO is 
detected just beside one of the branches of V8a vein. (D) The smaller GGO lesion was diagnosed as adenocarcinoma in situ (hematoxylin-eosin 
staining, ×100, scale bar, 100 μm). CT, computed tomography; 3D, three-dimensional; GGO, ground-glass opacity.
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Case 2

A 48-year-old female patient was admitted to our department 
for treatment of a lesion in RS1. She did not feel any 
discomfort and had no specific history of malignant tumors. 
The HRCT scan found a 10 mm GGO (CT value: −875 to 
−392 HU) and a 5 mm GGO (CT value: −890 to −396 HU). 
The 3D reconstruction identified that the GGOs were all 
located in the RS1 and the smaller lesion was on the right 
side of the A1a branches. Relevant preoperative examinations 
found no obvious contraindications. A right upper lobe 
S1 segment resection was planned. During the operation, 
the position was the same as that of case 1, and the A1a+b 
artery and B1 bronchus were divided and resected. After 
dissociating and severing V1a, The S1 segment was removed 
using the same method as in case 1. The bigger lesion was 
then detected by palpation, while the smaller lesion was 
impalpable. Under the guidance of 3D reconstruction, the 

A1a artery was selected as a reference. We cut the in vitro 
segment from the mediastinal surface of the lung. After 
dissecting and tracing about three branches, the lesion was 
found just beside the right side of the artery (Figure 2). 
The resection margin was verified as reasonably sufficient. 
Intraoperative pathological results confirmed that the bigger 
nodule was micro-invasive adenocarcinoma, while the smaller 
nodule was adenocarcinoma in situ, and the postoperative 
paraffin pathological results were consistent. The chest X-ray 
on the second day after surgery showed a good lung re-
expansion. The patient was then discharged on the third day 
after the surgery.

Ethical statement

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 

Figure 2 CT scan image, 3D reconstruction, surgical specimen and paraffin section of the GGO lesion in RS1. (A) The CT scan showed the 
smaller GGO lesion in the right S1; the yellow arrowhead indicates the location of the GGO. (B) The 3D reconstruction image of lung, the 
right A1a artery was selected as the reference vessel, the GGO lies just on the right of its branches. The black arrowhead indicates the bigger 
GGO in the same segment. (C) In vitro specimen of segmentectomy, A1a artery was dissected and traced, the target GGO is detected just 
beside one of the branches of A1a artery. (D) The smaller GGO lesion was diagnosed as adenocarcinoma in situ (hematoxylin-eosin staining, 
×100, scale bar, 100 μm). CT, computed tomography; 3D, three-dimensional; GGO, ground-glass opacity.
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Medical Ethics Committee of the Second Xiangya Hospital 
of Central South University (No. 2019022). Written 
informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

With the development of operative instrumentation and 
techniques, VATS has been increasingly widely used in 
thoracic surgery all over the world (12-14). Its perioperative 
safety and long-term oncological efficacy for non-small 
cell lung cancer (NSCLC) have been demonstrated by 
several clinical trials and meta-analyses. Moreover, the 
minimally invasive nature of VATS delivers numerous 
advantages, namely, less severe postoperative complications, 
less postoperative pain, faster recovery, and more esthetic 
appearance (15-20). Along with the popularization of 
HRCT, a growing number of GGO lesions have been 
detected in lungs (21). Due to the advantages of minimally 
invasive operation, VATS has become the most common 
approach to diagnose and treat GGOs. The challenge of 
intraoperative location of these low-density and small-
size nodules, which are primarily invisible and impalpable, 
makes their diagnosis and treatment difficult. Another 
considerable challenge is the smooth implementation of the 
VATS. To solve these problems, various methods have been 
developed for the localization of SPNs (7,8,22-24).

Hook wire placement is the oldest method for localization 
of SPNs. It evolved from the conventional mammographic 
needle and is currently widely used (25). The hook wire not 
only indicates the location of pulmonary nodules but also 
aids the resection if gently retracted (26). A meta-analysis 
reported the localization success rate (without dislodgement 
or migration) of hook wire as 93.9% [95% confidence 
interval (CI): 0.91 to 0.96] (27); however, the relatively high 
complication rate is a major limitation of this technique. 
Pneumothorax, pulmonary hemorrhage, hemothorax, and 
pleural pain are the most common complications of hook 
wire placement (28). Other percutaneous puncture-based 
techniques, such as micro coil placement (5), injection 
of dye materials (6), medical adhesive injection (7),  
contrast medium localization (29), radiotracer guided 
localization (30), and so on were also reported to be feasible. 
Complications are consistently associated with percutaneous 
lung punctures and lead to bad treatment experiences for 
patients. While hook wire placement has a long history, 

intraoperative ultrasonographic localization was proposed 
not long afterwards (24); however, this technique has not 
been as popular mainly due to it being operator dependent 
and requiring complete collapse of the assessed lung (31). 
Many new techniques have been developed in recent 
years, including electromagnetic navigation bronchoscopy 
(ENB) localization (32,33) and 3D printing localization 
(34,35). Although these methods have reportedly achieved 
reasonably fair success rates, operational complexity and 
special equipment dependence may impede their general use. 
Taking the drawbacks of those localization techniques into 
consideration, the concept of precise resection of GGOs with 
no need for localization warrants more attention.

The localization of pulmonary nodules is mainly 
conducted to facilitate wedge resection. Although wedge 
resection is a relatively simple and effective procedure for 
peripheral GGOs, there are many cases in which wedge 
resection is inappropriate or infeasible. First, for tumors 
deep in the parenchyma, wedge resection has difficulty 
obtaining adequate margin, therefore, it is generally 
considered problematic. Koike et al. (36) concluded that 
wedge resection is frequently associated with margins less 
than 1 cm and a high risk for locoregional recurrence. 
Segmentectomy appears to be a better therapeutic choice. 
Besides, the traditional percutaneous puncture-based 
techniques become technically infeasible when the nodules 
are located certain places, including in the apex of the 
lung, behind the scapula, and close to the mediastinal 
heart or great vessels (4). Wedge resection is blind and 
imprecise without nodule localization. There are so many 
possibilities to take into consideration including accidental 
interoperative encounter of previously undetected lesions, 
dislodgement or migration after a preoperative localization, 
or the absence of a plan for preoperative localization. 
A remedial conversion to precise anatomical resection 
would be more reliable and accurate. Given the cases for 
which wedge resection is inappropriate (or infeasible) and 
the shortcomings of localization techniques, we advocate 
an alternative scheme, namely, precise segmentectomy 
(including subsegmentomy and the combinations) guided 
by 3D reconstruction. Precise segmentectomy can precisely 
resect the lesion independent of marking while ensuring 
sufficient margins, offering an alternative, remedial, and 
sometimes more appropriate choice for GGOs.

The VATS pulmonary segmentectomy is technically 
meticulous, considering the anatomical vascular or bronchial 
variations and the difficulty of confirming the location of 
nodules and target segments. The 3D reconstruction allows 
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precise visualization of pulmonary arteries, veins, bronchus, 
and target lesion, reveals anatomical variations, displays 
the relative position between the target nodule and vessels 
and the target segment (9,37,38). The 3D reconstruction 
enhances precision of segmentectomy, facilitates the 
location of nodules, and shortens the learning curve for 
surgeons. Its effectiveness to guide the resection for SPNs via 
segmentectomy has been generally accepted. Kato et al. (39)  
performed thoracoscopic segmentectomy for 58 patients 
with invisible and impalpable SPNs using 3D reconstruction 
rather than preoperative localization. All nodules were 
correctly resected without nodule marking. Xue et al. (40) 
analyzed 68 patients with small (≤2 cm) GGOs which were 
successfully resected by VATS segmentectomy without 
preoperative marking. They reported that 3D reconstruction 
is very convenient for pulmonary nodules and target segment 
locating and is helpful for precise resection of GGO lesions. 
Chan et al. (41) demonstrated that all 33 participants achieved 
a correct tumor segmental localization in the guidance of 
3D reconstruction. Sufficient resection margins are critical 
for the oncological efficacy of segmentectomy (42-44). The 
3D images guide the surgeon in formulating suitable plan to 
ensure the resection margin. Wu et al. (45) reported that all 
cases in the precision (3D) group had an adequate margin, 
while 4 (7.3%) participants in the routine (non-3D) group 
had inadequate margins. Xue et al. (40) demonstrated that the 
3D reconstruction groups all had adequate resection margin, 
while the rate in the non-3D group was 87%. They also 
recorded 7 of 36 participants’ resection extents were adjusted 
after 3D reconstruction. Here, we introduced our approach 
to ensure the margin for a deep lesion. Vessel enfolding, as 
described earlier, is mandated as we make the surgical plan 
under the guidance of 3D reconstruction. The selected vessel 
has two advantages in the surgical procedure. Firstly, as we 
know, the lung tissue is fragile and ductile. The energy device 
can quite easily deviate from the ideal plane when we separate 
the central part of the intersegmental plane, resulting in 
the inadequacy of the resection margin. The vessel is much 
tougher than the lung tissue which serves as an obstacle 
to prevent the energy device from getting too close to the 
tumor. Secondly, the vessel and its branches distribute in the 
lung parenchyma like a tree. After being transected, its stump 
could be a hauling point to pull the target segment tissue 
away from the intersegmental plane as we cut the plane. 
While for a superficial nodule, a deviation away from the 
target segment when we cut the intersegmental plane with a 
stapler is consistently practical for the margin guarantee.

It is also a challenge when small and low-density GGO 

lesions are detected in the in vitro specimen after being 
successfully resected. Missing lesions, though rarely reported, 
occasionally occur in the real world. Ji et al. (46) failed to 
locate two pure GGOs among 43 surgical specimens, even 
with the guidance of 3D reconstruction/print. The failure of 
localization may ultimately lead to no pathology confirmation 
and affect the scope of a given operation and the subsequent 
treatment strategy. Moreover, we may be unsure whether the 
nodule had been resected or not when the lesion is close to 
the cut edge. Such a lack of clarity is stressful for both doctors 
and patients. Thus, it is urgent to find a reliable method to 
detect invisible and impalpable GGOs in surgical specimens.

Li et al. (47) introduced a CT-guided needle localization 
for GGOs in postoperative specimens, while the operational 
complexity and the requirement of CT scanner and 
inflatable aerator limit its widespread use in clinical practice. 
Kato et al. (39) performed thoracoscopic segmentectomy 
using 3D CT simulation without nodule marking for non-
palpable and non-visualized SPNs; although all the lesions 
were resected, they did not mention the method for nodules 
detection in the surgical segment. Ji et al. (46) conducted 
a prospective cohort study evaluating the effectiveness of 
3D reconstruction/print for locating multiple nodules in 
specimens after surgery. Some 124 of 126 (98.4%) nodules 
were successfully located. The 3D reconstruction/print 
acted as a guide to determine the location and relative 
position of nodules. Again, they did not declare the exact 
method by which they located nodules. Moreover, there 
were two pure GGOs that remained undetected. In this 
study, we presented an accurate and easily implemented 
approach for addressing the issue of detecting invisible and 
impalpable GGOs in vitro specimens by requiring no other 
localization techniques. The two nodules in the two cases 
which were detected by our approach were pure GGOs 
with a diameter of 5 mm. Their CT value was relatively low, 
with a range of about −900 to −300 HU. Their successful 
detection, to a certain extent, revealed the effectiveness 
of our approach. The approach was performed in about 
40 cases in our surgical group. Only one case (2.5%) with 
GGO lesion in the RS4 failed for the reason that the lung 
was incised before tracing, which corrupted the integrity 
of reference vessel. However, an additional cohort study 
is required to assess the effectiveness and safety of this 
method. We are collecting more cases and data for further 
evaluation.

Precise anatomical resection is the base and precondition 
of our approach. The 3D reconstruction and simulation 
allow precise visualization of pulmonary arteries, veins, 
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bronchus, and target lesions, reveals the relative position 
of the target nodule and vessels and the target segment, 
which is vital for preoperative planning. When planning 
preoperatively, we should emphasize the concept of 
lesion and its margin rather than the conventional and 
standard concept of segment or intersegmental plane. We 
have presented a new idea, the “vessel enfolding”, which 
ensures the margin for a deep lesion. After anatomical 
resection, the detection of GGOs is also a challenge 
without locating, thus our approach is to anatomically 
dissect and trace the reference vessel, which is selected 
from the preoperative 3D reconstruction. The factual 
foundation of our approach is that the relative position of 
nodule and adjacent vessels is fixed regardless of whether 
the lung is in expansion or collapse. In our experience, the 
pulmonary artery is the best choice of reference vessel, as 
it has a thicker wall and higher strength than others. The 
bronchus is rarely selected because it always stays in the 
center of the conical segment, surrounded by arteries and 
veins. Selecting a relatively superficial vessel simplifies the 
tracing procedure. Besides, to ensure that we are tracing 
the exact reference vessel, repetitious comparisons between 
the actual anatomical structure and 3D reconstruction 
simulation are indispensable. With the popularization of 
3D reconstruction and the extensive and skilled application 
of precise anatomical segmentectomy, our approach could 
be widely applied for invisible and impalpable GGO lesions 
that were not inappropriate for preoperative localization 
techniques. Our suggestion to resect and detect the invisible 
and impalpable GGO lesions are as follows, for peripheral 
GGO, wide wedge resection after preoperative localization 
is the first choice. While for the lesions that localization 
techniques were infeasible or inappropriate or/and deep 
in the parenchyma, precise segmentectomy combining 
with our localization-independent approach would be the 
preferred scheme.

To sum up, based on the two cases, we have introduced 
a new and easily implemented approach to detect invisible 
and impalpable GGOs in the in vitro surgical specimen 
with no need for locating, namely dissection and tracing a 
reference vessel. Our approach, that of combining precise 
anatomical segmentectomy under the guidance of 3D, is a 
feasible and alternative scheme, and occasional remedy, for 
GGOs resection.
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