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Lung nodules?

A solitary pulmonary nodule (SPN) is defined as a round opacity that is at 

least moderately well marginated and no larger than 3 cm in its maximum 

diameter. The adjective small has been used to describe nodules that are 

less than 1 cm in diameter 

Radiology 1996;200(2):327–331.



GGN or GGO:GGO is a roentgenological term for lesions in the lung on thin section CT 

(TSCT), defined as a homogeneous hazy increase in density in the lung field that does not 

obscure the bronchiolovascular structure

LDCT for lung cancer screen program: more GGNs found, solitary/multiple, vary 

size

Glossary of terms for CT of the lungs: recommendations of the 

Nomenclature Committee of the Fleischner Society Radiology, (1996), 







Recommendations for Measuring Pulmonary Nodules at CT: A Statement from the 

Fleischner Society.                                                 Radiology. 2017 Nov;285(2):584-600. 

https://www.ncbi.nlm.nih.gov/pubmed/28650738


Near two-year span, no obvious change



● It seems the same in 

dimensions but 

changes in total 

volume!!



Subsolid GGO developed in 8 years

Pathology: Pure acinar adenocarcinoma





Clinical decision on GGN:

The Fleshner Society guideline

NCCN guideline



Guidelines for Management of Incidental Pulmonary Nodules 

Detected on CT Images: From the Fleischner Society 2017.

Radiology. 2017 Jul;284(1):228-243

https://www.ncbi.nlm.nih.gov/pubmed/28240562












In the real- world, how do we approach?

● Only 57.7% of participants adhere to the Fleischner Society guidelines for the 

management of incidental pulmonary nodules.

● However, 56.6% and 75.6% of respondents have a more cautious approach 

than that recommended by the guidelines and tend to use a shorter follow-up 

for both solid and ground-glass nodules

● Sixty-four percent of respondents did not organize lung nodule 

multidisciplinary meetings in their institution, while 27.9% and 7.9%, 

respectively, attended a weekly or monthly discussion



What we learned after years



Multicenter Italian Lung Detection (MILD) screening trial

● SSNs prevalence: 16.9%. 

● During 9.3 ± 1.2 years of follow-up, HR of lung cancer diagnosis 6.77

● 73% of cancers not arising from SSN (median time to diagnosis 52 months 

from SSN).

● Lung cancer arising from SSN did not lead to death within the 

follow-up period.



MILD: New cancers in areas away from SSNs

● High risk of developing lung cancer elsewhere in the lung, with only a minority 

of cases arising from SSN, and never representing the cause of death.

● Biomarker of lung cancer risk!



KMUH experience of GGN screen

● Low dose CT screen: Not only high risk group but also normal people if they 

strongly concerned about health

● Subsequent CT schedule if GGN or solid nodule found : 4-6months for first 

follow-up 

● Regular CT (6-12 months )without contrast for nodule/GGN follow-up

● Slice thickness on lung window evolution: 5mm-> 2.5mm-> 2mm->1.5mm

● CTA with contrast if segmentectomy is planned



How do thoracic surgeons think?

● Nodular size and morphology

● Nodular location

● Nodular multiplicity

● Nodular growth rate

● Emphysema and fibrosis

● Patient characteristics, mental status

● Tobacco and other inhaled carcinogens



From Surgeon’s Point of View 

● Invasive surgery: VATS or thoracotomy

● Biopsy: CT-guided or bronchoscopic-guided

● Follow-up on regular basis

● Surgical challenge of GGNs and solid nodules

● Technique: 

● From Radical resection(Lobectomy/sleeve lobectomy /Pneumonectomy)

● To Limited resection (Wedge resection/Segmentectomy)

● However...



RUL Lobectomy?

RS1+3 

Segmentectomy!

if there is another 

lesion in RS2?

Path: pure lepedic



Bilateral basilar 

segmentectomy? 

Bilateral lobectomy?

Right extend S9+10 

segmentectomy( acinar 

adenocarcinoma (mixed with papillary and 

lepidic patterns )

Left S7+8 segmentectomy

once or equentially?

(Minimally invasive adenocarcinoma, 

nonmucinous adenocarcinoma.)



Lobectomy VS sublobar resection in early stage lung cancer







Lobectomy or not?

● Central lesion

● Lesion more than 2cm

● Dominant by solid components

● For adequate margin if frozen 

revealed close to staple line

● Young or good pulmonary 

reserve 



Subsolid GGO small size 0.6cm

Pathology:1.0 cm

Lepidic ( 70 %), acinar ( 30 %)

Segmentectomy, RS6 margin 2.5 cm

small GGO with point solid 0.3cm

pathology size: 0.8cm 

AIS, lepidic ( 100 %)

Wedge resection Margin 0.5cm



Part solid GGO CT: 2.4cm

Pathology:3.5cm  

Lepidic ( 15 %), acinar ( 80 %), 

papillary ( 5 %)

Lobectomy margin 2cm

Part solid GGO CT: 3.1cm

Pathology: 2.7cm  

Lepidic ( 5 %), acinar ( 80 %), 

papillary ( 15 %)

Lobectomy , margin 0.9cm

Part solid GGO CT: 2.2cm

Pathology: 2.5cm  

Lepidic ( 40 %), acinar ( 55 %), 

papillary ( 5 %)

Segmentectomy LS1+2+3, 

margin 0.2cm



Part solid GGO CT: 2.5cm

Pathology:2.5cm  

Lepidic ( 35 %), acinar ( 65 %)

Lobectomy  

Part solid GGO CT: 2.7cm

Pathology:2.3cm  

Lepidic ( 30 %), acinar ( 20 %), 

solid ( 50 %)

Lobectomy 



KMUH Experience on Operation
●Wedge resection vs segmentectomy vs Lobectomy

●Pre-op CT guide localization is preferred if wedge resection is planned or margin 

is worried

●Intra-operative frozen section routinely if no pre-op diagnosis or PET/CT

●Segmentectomy or Lobectomy: if no adequate margin on wedge resection told 

by pathologist(Frozen section: margin positive or VERY CLOSE!)

●Sometimes add another wedge resection/segmentectomy to gain adequate 

margin

●LN dissection routinely: N1 and N2 stations 



CTA in KMUH 

Axial/coronal/saggital sections



Equipment And Approach-1

●Thoracoscopic based operation: Single port or two port

●Thoracotomy: rare, only in multiple and faint nodules or need finger palpation

●Robot-assisted approach

●Energy device: Hamonics Ace Shears or Ligasure/Maryland for vessels 

dissection and LN dissection

●Suction: always in very low pressure

●Laparoscopic 5mm or 3mm grasper/clamps 

●Dissector: Scanlan Dennis or SCANLAN®  Gonzalez-Rivas Dissector Fine Tip 

DeBakey

●Stapler: Metronics Endo-GIA and Tri-staple(gold load and black load) or Endo-

Cutter; Hemolock



Equipment And Approach-2

●Neoveil/Hemopatch cover for staple line/ parenchymal raw surface exclusively

●Wound protector: Alexis wound protector

●Air-leak test after resection complete: 

●Always repair obvious air leak if there is discontinuity on pleural surface, direct or 

tension free with bovine pericardium 

●Selectively ignore staple line air leakage, cover with Neoveil/Hemopatch or 

Surgicel 



Some Thinking About Segmentectomy 

●Is segmental vein isolation and transection necessary？

●Is it important to dissect along Intersegmental plane if 

stapler-based segmentectomy is planned？

●Resection margin vs intersegmental plane which is more 

important？

●Single segmentectomy in basilar segment of lower lobe 

necessary? For basilar segments in lower lobe, 

bisegmentectomy(7+8, 9+10) is my preferred choice



Granulation along staple line or local recurrence?

If local recurrence suspected, how to confirm?  Which subtype of recurrence?



Challenges in follow-up after segmentectomy

Granulation along staple line or local recurrence?

Pathology: characterized by mixed larged-sized, thick-walled vessels and small-sized capillary 

channels located in the lung-pleura junction. The features suggest hemangioma.



IRONY in Limited Resection
Limited resection is preferred for single small GGO lesion.

Margin? LN dissection?

Histopathologic subtype unknown before and during resection!

consolidation/tumor ratio>50% means higher acinar/solid subtype!

Resection margin> 2cm 

only 48.48%(16/33) in segmentectomy KMUH 2015-2018

only 13.95%(6/43)   in wedge resection KMUH 2015-2018



Tumor spread through air spaces (STAS)/recurrence

STAS pattern is a significant risk factor of disease recurrence in small (less than 

or equal to 2 cm) stage I lung adenocarcinoma



Subtype matters: micropapillary imposed locoregional recurrence

● In MIP component of 5% or greater patients, recurrences were mainly locoregional; 

there was a reduced probability of recurrence in cases with a surgical margin of 1 cm 

or greater.



Accuracy of frozen section, you should trust more



Intra-operative Frozen Section

● From 2015 to 2018, 201 patients with Stage I lung cancer(T1a to T2a N0M0)

● Intra-op frozen section done in 103 patients(51.2%) with total 110 sections

● Purpose of frozen section:

○ Primary lung tumor: 97

○ Other nodules in the same side: 5

○ Pleural lesion in the same side: 2

○ Resection margin:6



Result of intra-op frozen section

● Frozen section = final report:  99 /110(90%)

● Negative(No malignancy seen) -> positive on permanent: 3 cases(2.7%)

○ Inflammation and fibrosis-> adenocarcinoma in 2 cases

○ Negative parietal pleura seeding-> positive in one

● Changes in diagnosis: 3 cases

○ AIS-> MIA in one

○ AIS -> adeno in 2



● Rough frozen section reports

○ Malignancy/carcinoma-> adenocarcinoma in 3 cases

○ Indeterminate -> adenocarcinoma in one 

○ Carcinoma -> AIS in one 

● Frozen section is a relative reliable tool in pulmonary nodules

● But we need further descriptions: Spread through air space, micropapillary or 

solid subtypes for clinical decisions!



Non-surgical options?

● Overall survival rates were comparable between TA and SRT (1 year, 85.4% 

vs 86.3%, respectively, P = .76; 2 years, 65.2% vs 64.5%, respectively, P = 

.43; 3 years, 47.8% vs 45.9%, respectively, P = .32; 5 years, 24.6% vs 26.1%, 

respectively, P = .81).







Personal thinking about GGN

● CT scan follow-up within 6 months for lesion existence 

● Non-surgical approach is not a bad idea but need CT follow-up on a regular 

schedule 

● Regular CT follow-up even GGN resected, maybe life-long, new lesions may 

arise in normal lung

● Resection margin is critical, more than 2cm is favored, frozen section  is 

essential 

● Lobectomy gets favorable outcome and should list on surgical options

● Bronchoscopic interventions is inevitable in the future but long-term results in 

doubts  



● Thank you!!


