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Intraoperative computed tomography of a resected lung inflated 
with air to verify safety surgical margin
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Background: During sublobar resection for small, indistinct lung cancer, surgeons may be uncertain as to 
whether or not the target lesion has been resected and the surgical margin is sufficient. We herein report our 
procedure for confirming the success of sublobar resection without incising the resected specimen. 
Methods: We reviewed our initial experience of 12 patients with intrapulmonary lesions (consolidation 
diameter ≤1 cm) who underwent thoracoscopic pulmonary wedge resection using autostapler. Six patients 
had primary adenocarcinoma showing part solid lesion, and remaining six patients had metastatic carcinoma 
showing purely solid lesion. Intraoperatively, the resected specimen was inflated with air and subjected to 
computed tomography (CT). The maximum tumor diameter and surgical margin length were measured 
intraoperatively on CT and postoperatively on formalin-fixed specimen. Surgical stump cytology was also 
done to verify surgical margin. 
Results: According to the intraoperative CT, complete resection was confirmed in all patients. The 
intraoperative CT-based maximum tumor diameter closely correlated with the macroscopically measured 
one (r=0.971, P<0.0001). However, the tumor shrunk after formalin-fixation by 16.0% in patients with 
primary lung cancer (P<0.01), but not in patients with metastatic lung cancer. The intraoperative CT-based 
margin length closely correlated with the macroscopically measured one (r=0.984, P<0.0001). However, the 
margin shrunk after formalin-fixation in both patients with primary lung cancer and metastatic lung cancer, 
by 15.1% and 15.7%, respectively. Stump cytology was negative in all patients. Consequently, no recurrence 
was found during postoperative follow-up of 23 months (range, 14–31 months). 
Conclusions: Intraoperative CT is reliable for diagnosing the presence of a target lesion within the 
resected specimen as well as for estimating the surgical margin length in patients undergoing sublobar 
resection for intrapulmonary indistinct lesions.
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Introduction 

The incidence of sublobar resection for small, indistinct 
pulmonary nodules is increasing because of the increased 
frequency of performing computed tomography (CT)-
based whole lung screening. Various techniques for the 
intraoperative localization of such indistinct lesion have 
been reported (1,2). However, surgeons still worry about 
whether or not the lesion is actually included in the resected 
specimen and if the surgical margin is sufficient, particularly 
if the lesion is impalpable or accompanied by ground glass 
component. Although cutting the specimens into pieces 
can help identify the lesions, it prevents the subsequent 
pathological assessment of the invasiveness of primary 
lung adenocarcinoma (invasive adenocarcinoma, minimally 
invasive adenocarcinoma, or adenocarcinoma in situ) and 
the accurate measurement of the surgical margin. Sawabata 
et al. reported that the shortage of the surgical margin in 
pulmonary wedge resection for lung cancer likely results in 
positive surgical stump cytology, leading to local recurrence 
(3,4). They advocated that the surgical margin of greater 
than the maximum tumor diameter was optimal to prevent 
local recurrence (3). Mohiuddin et al. also reported the 
importance of surgical margin length in pulmonary wedge 
resection for lung cancer: they did not find any postoperative 
local recurrence if surgical margin was more than 15 mm (5).  
Therefore, 15 mm (if the tumor is greater than 15 mm) or 
greater than the maximum tumor diameter is regarded as 
sufficient surgical margin in patients undergoing sublobar 
resection. However, the previous studies mainly subjected 
tumors greater than 1 cm. Furthermore, the necessary 
surgical margin in adenocarcinoma in situ or minimally 
invasive adenocarcinoma, showing ground glass component, 
remains unclear probably because, in practice, it may 
be difficult to accurately measure the surgical margin 
in subcentimeter tumor or tumors with ground glass 
component. 

Currently, we scanned the resected specimens, which 
was inflated with air, immediately after pulmonary wedge 
resection in patients with consolidation diameter of 1cm 
or less. We hypothesized that this technique is effective in 
identifying if the tumor is indeed resected or not, as well as 
in estimating the real surgical margin length. We believe that 
our method may be useful in studying the optimal surgical 
margin required in tumors with ground glass component.  

We present the following article in accordance with the 
MDAR checklist (available at https://dx.doi.org/10.21037/
qims-21-562).

Methods 

Patients 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the institutional review board of Kagoshima 
University Graduate School of Medical and Dental Sciences 
(Approval No. 210025), and individual consent for this 
retrospective analysis was waived. We performed our novel 
technique in 12 patients who underwent thoracoscopic 
pulmonary wedge resection for metastatic lung cancer 
(n=6) or primary lung cancer (n=6), with a consolidation 
size ≤1 cm, between October 2018 and March 2020 in 
Nanpu Hospital. All patients underwent wedge resection 
using endoscopic stapler (Covidien, Minneapolis, MN, 
USA) for curative intent: we basically perform pulmonary 
wedge resection in patients with metastatic lung cancer, less 
than 3 cm in maximum diameter, or primary lung cancer, 
showing ground glass attenuation and less than 1 cm in 
consolidation diameter. All patients had solitary pulmonary 
nodule without any abnormal uptake in other areas on 
18F-fluorodeoxyglucose positron emission tomography. 
Preoperative bronchoscopic biopsy was omitted in the 12 
patients due to the tumor location or small tumor size. 
Primary organ in six patients with metastatic lung cancer 
was colon (n=4), small intestine (n=1), or bile duct (n=1). 
Intraoperatively, the tumor location was identified either 
by finger palpation (n=9) or by intraoperative transthoracic 
marking with pyoktanin blue solution (n=3) (6).

The radiological assessment

The resected specimens were inflated by the careful 
instillation of air. Puncture was performed at a distant 
site, where the pulmonary lesion was absent, using a 
23-G puncture needle connected to an appropriately 
sized syringe. The instillation was done slowly in order to 
prevent alveolar wall destruction. The degree of inflation 
differs among specimens because air leak from the puncture 
site or stapled site eventually develops. After the specimen 
was placed in a plastic container, the specimen along 
with the container underwent conventional 64-detector 
CT (Revolution GSI; GE, Chicago, IL, USA) as soon as 
possible. The scan parameters were as follows: tube voltage, 
80 kV; rotation time, 0.6 s; beam width, 20 mm; pitch, 1.375; 
slice thickness, 0.625 mm; slice interval, 0.625 mm; scan 
field of view (FOV), 8 cm; matrix, 512×512; recon type, HD 
Lung; noise index, 10. It generally takes 5 minutes or less 
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for scanning of the resected specimen and image acquisition. 
The obtained images were evaluated intraoperatively in the 
operating room on multi-planner reconstruction images. 
Figures 1-3 show two representative cases with primary lung 
cancer. 

The pathological assessment

We routinely performed irrigation of any cartridges 
used in the pulmonary stapling in order to make a rapid 
cytological diagnosis for surgical stump positivity (7). After 
intraoperative CT, the specimen was instilled with 10% 
formalin neutral buffer solution using a 23-G needle and 
then soaked in the solution for 48 h. After removing the 
stapler needles from the staple line, the specimen was cut 
into pieces for macroscopic and microscopic evaluations of 
the tumor diameter and surgical margin. Maximum tumor 
diameter and surgical margin length were macroscopically 
measured on the formalin-fixed specimen by an attending 
pathologist after making a section with reference to the 
intraoperative CT of the specimen. In order to evaluate the 
validity of intraoperative CT, we prospectively recorded the 
maximal tumor diameter on preoperative and intraoperative 
CT and by direct vision of the resected specimen, and we 
also recorded the surgical margin length on intraoperative 
CT and direct vision on the resected specimen. CT-
based measurements were done by two authors (KG and 
SM), independently. The final decisions were reached by 

consensus.

Statistical analysis 

Pearson’s correlation analysis was performed to analyze 
the correlation between the parameters measured on 
preoperative CT and those measured on intraoperative 
CT, as well as between the parameters measures on 
intraoperative CT and those measured on direct vision. 
Paired t-test was used to compare tumor diameters 
determined by CT and those determined by direct vision, as 
well as to compare surgical margin determined by CT and 
those determined by direct vision. P values of <0.05 were 
considered to indicate statistical significance. The statistical 
analyses were performed using the SPSS software program 
(SPSS statistics version 22; IBM, USA). 

Results 

The clinical characters of the 12 patients are shown in Table 1.  
After wedge resection, the target lesions were identified 
within the specimens in all 12 patients on intraoperative CT, 
resulting in the measurement of the maximal tumor diameter 
and the surgical margin. We intended to secure a surgical 
margin of at least the same distance as the consolidation 
diameter of the tumor on preoperative CT. As a result, the 
surgical margin was successfully secured in all patients except 
for one (Case 10, Table 1). In this case, additional resection 

Figure 1 Representative case of a 77-year-old woman with primary lung adenocarcinoma. Chest computed tomography shows subpleural 
part solid lesion in the right lower lobe (A). The patient underwent wedge resection of the right lower lobe with an endoscopic stapler (B). 
The resected specimen was inflated by the slow instillation of air so as not to destroy the normal alveolar wall structure (C). Note that the 
puncture was done at a site distant from the pulmonary lesion using a 23-G puncture needle connected to an appropriately sized syringe. 

A B C
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was abandoned because of the anatomical difficulty and 
pulmonary functional limitation. The irrigation cytology, 
as a substitute for stump cytology, was negative in all the 
patients. Consequently, no recurrence was found in the 
hemithorax during the median postoperative follow-up of  
23 months (range, 14–31 months). 

According to a correlation analysis, the maximal tumor 
diameter on intraoperative CT was found to be closely 
correlated with that on preoperative CT in overall patients 
(Figure 4A). According to a paired t-test, the maximal tumor 
diameter on preoperative CT was not significantly different 
from that on intraoperative CT in both patients with 
primary lung cancer and metastatic lung cancer (Figure 4B).

Likewise, according to a correlation analysis, the 
maximal tumor diameter on intraoperative CT was found 
to be closely correlated with that on direct vision in overall 
patients (Figure 5A). However, according to a paired t-test, 
there was a significant discrepancy between the maximal 
tumor diameter on intraoperative CT and that on direct 
vision in patients with lung cancer (Figure 5B). 

With regard to the surgical margin, although the length 
on intraoperative CT correlated closely with that on direct 
vision of the resected specimens in overall patients (Figure 
6A), the margin on direct vision was significantly shorter 
than that on intraoperative CT in both patients with 
primary lung cancer and metastatic lung cancer (Figure 6B). 

Figure 2 Radiological and macroscopic findings of the resected lung in the patient with primary lung adenocarcinoma in the right lower 
lobe (same patient as Figure 1). After the excised specimen was inflated, the specimen immediately underwent conventional 64-detector 
computed tomography (A-C). The multiplanar reconstruction images of the resected specimen facilitated the accurate measurement of the 
maximal tumor diameter and minimal surgical margin. Forty-eight hours after the fixation of the specimen with 10% formalin solution, the 
stapler needles were removed from the stapled site, and the specimen was cut into pieces for macroscopic and microscopic evaluations (D). 
The tumor revealed to be invasive adenocarcinoma with invasive size of 6 mm. 

A B
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Figure 3 Representative case of a 61-year-old woman with primary lung adenocarcinoma. Chest computed tomography shows subpleural 
purely ground glass lesion in the right lower lobe (A). The patient underwent wedge resection of the right lower lobe with an endoscopic 
stapler under transthoracic marking because the tumor was not palpable. Although the tumor showed purely ground glass attenuation, the 
tumor is clearly depicted by intraoperative computed tomography (B). The tumor revealed to be adenocarcinoma in situ. 

A B

Table 1 Patient characteristics (n=12)

Case Disease Sex Age (years) Tumor type Max diameter (cm) Consolidation diameter (cm) Surgical margin (cm)

1 Primary F 61 Pure GGN 0.9 0 1.1

2 Primary F 70 Pure GGN 0.9 0 1.0

3 Primary F 82 Part solid 1.4 0.6 0.6

4 Primary F 73 Part solid 1.2 0.2 0.65

5 Primary F 77 Part solid 1.2 0.8 1.3

6 Primary F 83 Part solid 2.4 0.6 1.3

7 Meta M 70 Solid 1.0 1.0 1.0

8 Meta F 44 Solid 0.7 0.7 1.8

9 Meta F 69 Solid 0.8 0.8 1.2

10 Meta F 60 Solid 0.9 0.9 0.3

11 Meta M 54 Solid 0.8 0.8 1.4

12 Meta M 70 Solid 0.7 0.7 1.1

The surgical margin was measured on direct vision of the resected specimen. Primary, primary lung cancer; Meta, metastatic lung cancer; 
GGN, ground-glass nodule.

Discussion 

We established a reliable procedure for confirming 
during surgery whether or not the resection line had 
been appropriate without cutting the resected specimen, 
even for impalpable tumors. We must occasionally 
make multiple sections from resected specimens if the 
tumor is impalpable, which compromises the subsequent 
pathological examination of the invasiveness of primary 

lung adenocarcinoma as well as the accurate measurement 
of the surgical margin. In our current initial clinical 
experience, the presence of an intrapulmonary small 
lesion (consolidation diameter ≤1 cm) within the resected 
specimen was able to be confirmed in all patients, 
including two with lesions representing purely ground-
glass attenuation (Case 1 and 2). Furthermore, the surgical 
margin length was able to be accurately measured. The 
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further accumulation of data concerning the surgical margin 
as assessed via intraoperative CT, together with information 
on the prognostic outcomes, will provide reliable evidence 
regarding the necessary surgical margin for small lung 
cancer, which still remains controversial.   

Pulmonary sublobar resection has become increasingly 
frequently employed in the field of thoracic surgery due 
to the increasing incidence of small lung adenocarcinoma 
possessing ground-glass attenuation. Pulmonary sublobar 
resection can be performed as radical surgery in some patients 
with predominant ground-glass lesions with a consolidation 
diameter of less than a certain value (5 to 10 mm)  
(8-10). However, even in cases eventually diagnosed as non-
invasive adenocarcinoma, local recurrence can occur in 

patients without a sufficient surgical margin: Yoshida et al. 
reported three (12.5%) patients with possible delayed cut-
end recurrence among 24 patients who underwent wedge 
resection for non-invasive adenocarcinoma (11). Sublobar 
resection can be also performed in patients with a poor 
pulmonary function even if the patients have invasive lesions. 
However, sublobar resection is known to increase the risk 
of local recurrence in patients with consolidation-type lung 
cancer compared with lobectomy, even if the lesion appears 
to have been resected with a sufficient margin (12). 

As described above, we routinely use rapid intraoperative 
irrigation cytology as a substitute for surgical stump 
cytology. Because positive cytology result revealed 
to increase local recurrence (4,13), we believe that 

Figure 4 The correlation between the maximal tumor diameter on 
preoperative computed tomography (CT) and on intraoperative 
CT in patients with primary lung cancer (red circle) or metastatic 
lung cancer (blue circle). The values correlated closely in both 
patients with primary lung cancer and metastatic lung cancer 
according to a correlation analysis (A). According to a paired 
t-test, the maximal tumor diameter on preoperative CT was not 
significantly different from that on intraoperative CT in both 
patients with primary lung cancer and metastatic lung cancer (B). 
The dotted line represents y = x.    

Figure 5 The correlation between the maximal tumor diameter 
on intraoperative computed tomography (CT) and on direct vision 
of the resected specimen in patients with primary lung cancer (red 
circle) or metastatic lung cancer (blue circle). Although the values 
correlated closely in overall patients according to a correlation 
analysis (A), the maximal tumor diameter on direct vision was 
significantly lower than that on intraoperative CT in patients with 
lung cancer (red circle) (B). The dotted line represents y = x.
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intraoperative stump cytology may facilitate accurate 
intraoperative decision-making for additional surgical 
procedures (e.g., additional deep wedge resection or 
lobectomy). 

One of the most important benefits of the present 
method is that we can measure the distance between 
the intrapulmonary lesions and any staple line (Figure 2) 
on multiplanar reconstruction images. This means that 
we can create multiple section images of the resected 
specimens without cutting the specimen itself, which can 
aid in determining how to make additional cut lines during 
performing additional resection for insufficient surgical 
margin. 

According to the current quantitative assessment 
of the maximal tumor diameter, which was measured 

preoperatively, intraoperatively, and postoperatively, the 
diameters of the metastatic lesions, represented as purely 
solid nodules, were similar among the three groups. In 
contrast, the tumor apparently shrank in cases of primary 
lung cancer, represented as a ground-glass nodule, after 
formalin fixation (84.0%±9.6% of intraoperative values, 
n=6). Likewise, the surgical margin apparently shrank 
among overall patients (84.6%±6.8% of intraoperative 
values, n=12). Thus, the pathologically determined surgical 
margin should be distinguished from the intraoperatively 
measured one. 

Troschel et al. previously evaluated the resected 
specimens with micro-CT after pulmonary wedge resection 
for lung nodules (14). They correlated the micro-CT 
findings with pathological findings. Unfortunately, the 
ground glass lesions were not apparently depicted on micro-
CT, which compromised accurate measurement of surgical 
margin length, because they did not inflate the resected 
specimens with air. We believe that micro-CT cannot be 
done, in practice, during surgery because scanning with 
micro-CT may took considerably longer time, as compared 
with conventional helical CT. Thus, our method is useful 
in intraoperative immediate and accurate evaluation of 
surgical margin, particularly in tumors with ground glass 
component.

There are some possible limitations in this study. First, 
small sample size could limit identification of technical 
pitfalls of the current procedure. Second, we did not 
evaluate long-term postoperative outcome regarding local 
recurrence, which may validate the length of surgical 
margin in our patients. However, rapid intraoperative 
irrigation cytology, as a substitute for surgical stump 
cytology, was negative in all 12 patients. Nonetheless, large 
scale study with long-term postoperative follow-up will 
clarify these issues. 

Conclusions

Given the above findings, we believe that intraoperative CT 
is reliable for diagnosing the presence of an intrapulmonary 
tumor within the resected specimen as well as for measuring 
the minimal surgical margin necessary, particularly in 
patients undergoing sublobar resection for impalpable or 
ground-glass nodules.
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