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Introduction

The increased use of computed tomography (CT)-based 
screening for lung cancer has resulted in more frequent 
detection of small pulmonary nodules (SPNs) (1,2). 
Diagnosis and treatment of SPNs have become important 
issues because these nodules have malignant potential 
and heterogeneous characteristics (3). Video-assisted 

thoracoscopic surgery (VATS) is a safe and minimally 
invasive procedure for diagnostic biopsy and therapeutic 
resection (4). However, localization of SPNs for VATS 
is often challenging because of the inability to detect the 
lesions visually or palpate them directly (5,6). Thus, many 
methods have been developed for preoperative localization 
of SPNs, such as those using a dye (7), barium (8), lipiodol 
(9-15), a microcoil (16), and a hook wire (17). An optimal 
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localization method has yet to be established, but most of 
these techniques have been reported to be accurate and safe, 
and are associated with low complication rates and high 
success rates (18). 

For evaluation of the surgical margin, most studies define 
the safety margin of wedge resection as the negative margin 
in preoperative localization. However, few studies have 
evaluated the distance from the tumor nodule to the staple 
line. In wedge resection, the margin distance is associated 
with a risk of local recurrence (19-24). Even in a case 
with a negative resection margin, an insufficient resection 
margin may influence local recurrence and survival (19). 
Furthermore, depending on the distance from the pleura 
and localization of the target lesion, it may not be possible 
to secure a sufficient surgical margin (19). Several studies 
have shown that the risk of local recurrence decreases as the 
margin distance increases (19-24), but to our knowledge, 
the surgical margin distance in wedge resection following 
preoperative marking has not been examined.

 We have used a combined approach of preoperative 
lipiodol marking and surgical resection for SPNs in a hybrid 
operating room since June 2016 at Osaka Medical College 
Hospital (25). In this study, we retrospectively examined the 
surgical margin distance of resected lung parenchyma after 
preoperative localization and VATS resection. The aim of 
the study was to evaluate this distance and identify factors 
that affect the surgical margin in preoperative lipiodol 
marking.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-211).

Methods

Patients and eligibility for the study

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the institutional review 
board of Osaka Medical College Hospital and informed 
consent was obtained from each patient (approval No. 
1905). From April 2017 to December 2019, a total of 45 
patients (52 nodules) underwent combined lipiodol marking 
and VATS resection in a hybrid operating room. The 
indication for pulmonary localization was determined by 
thoracic surgeons. Nodules that were considered difficult to 
localize during thoracoscopy, such as GGO lesions, nodules 
located at a considerable depth from the pleural surface, 

and nodules less than 10 mm in size, were candidates for 
this technique. The following nodules were excluded: (I) 
nodules located within the inner two third of the lung; (II) 
nodules located within 4 mm from the pleural surface to 
edge of nodule. Because our interest was in the association 
between the surgical margin distance and preoperative 
marking, we restricted the analysis in this study to patients 
who underwent wedge resection.

Marking technique

All procedures were performed in a hybrid operating room 
equipped with a sliding gantry-based CT system (Somatom 
Definition AS+SLID, Siemens, Germany). One surgical 
team, including a board-certified thoracic surgeon (S.F.) 
with experience in this method, performed both marking 
and surgery. The procedural workflow has been described 
elsewhere (25). After induction of general anesthesia, the 
patient was placed in a supine or prone position to establish 
an optimal access route for needle insertion, depending 
on the location of the SPN. Scale paper with a metal wire 
was firmly placed on the patient and a slide gantry-based 
CT scan was performed. The shortest distance from the 
nodule to the chest wall was chosen as the injection site. 
A 23-gauge needle was introduced through the skin into 
the perilesional SPN while avoiding structures such as 
blood vessels and bronchi, as well as tumors. The syringe 
was withdrawn to ensure that no blood or air had refluxed, 
respiratory ventilation was stopped, and 0.2 mL of lipiodol 
(Lipiodol UltraFluid; Laboratory Guerbet; Aulnay-Sous-
Bois, France) was carefully injected in a single shot adjacent 
to the lesion. Immediately after injection of lipiodol, whole-
chest CT images were obtained to evaluate the lipiodol spot 
(Figure 1A). Thereafter, reconstruction of the location of 
the SPN and radio-opaque nodule was performed using the 
3D volume-rendering method (Synapse-Vincent, Fujifilm 
Medical Co., Tokyo, Japan). The accuracy of lipiodol 
marking was assessed by measuring the deviation from the 
center of the lipiodol spot to the center of the target SPN 
after 3D image reconstruction (Figure 1B).

Surgical treatment

Immediately after localization, the patient was repositioned 
into the lateral decubitus position. VATS via 2 or 3 ports 
was performed with one-lung ventilation. Thereafter, a 
C-arm-shaped fluoroscopy unit was placed horizontally 
in an appropriate position. Finger palpation to identify 
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SPNs was not performed in any cases. The lipiodol spot 
was grasped with ring-shaped forceps during fluoroscopy 
and then resected with an endoscopic stapler. Successful 
resection was confirmed by viewing the lipiodol spot 
within the resected specimen under C-arm fluoroscopy. 
After VATS wedge resection, frozen section analysis of the 
resected lesion was performed.

Endpoints

The primary endpoint was achievement of complete 
resection, which was defined as the absence of tumor cells 
at the resected margin, excluding the staple line. The 
secondary endpoint was defined as acquisition of a sufficient 
surgical margin distance, which was in turn defined as 
the distance from the tumor to the nearest resection line 
on a totally deflated lung with staples removed. The cut 
staple line removes 0.5 cm. The distance was measured 
macroscopically by a pathologist and recorded on the final 
pathology report. Patients were divided into two groups 
based on a surgical margin distance of <10 and ≥10 mm. 

Statistical analysis

Normally distributed continuous variables are presented 
as means [95% confidence interval (CI)] and compared 
using a 2-sample (unpaired) Student t test. Skewed variables 
are summarized as medians [interquartile range (IQR)] 
and compared by Mann-Whitney U test. Univariate and 

multivariate logistic regression analyses were performed to 
determine the association of nodule-related and procedure-
related characteristics with the secondary endpoint. In 
univariate analysis, the baseline characteristics included 
the 3D deviation of the lipiodol spot from the lesion, 
CT findings, lesion location, depth-to-size ratio, patient 
position for marking, and surgical procedures. P<0.05 was 
considered to be statistically significant. All analyses were 
performed with SPSS (v.20.0; IBM SPSS Inc., Armonk, NY, 
USA).

Results

The general characteristics of the 45 subjects are shown 
in Table 1. Most of the patients (39/45, 86.7%) had one 
nodule, 5 (11.1%) had two nodules, and 1 (2.2%) had three 
nodules. The characteristics of the target nodules are shown 
in Table 2. Based on preoperative CT, 16 SPNs (31%) were 
classified as solid lesions, and all others were categorized 
as GGO or part-solid GGO lesions. The median size of 
the SPNs on preoperative CT images was 10.1 mm (range, 
6.75–12.3 mm); the mean distance from the pleural surface 
was 13.8 mm (range, 5.44–22.2 mm), and the median tumor 
depth-to-size ratio was 1.84 (0.67–2.36). These variables 
did not differ significantly between the groups with margin 
distances of <10 and ≥10 mm. 

 Details of the marking and surgical procedure are shown 
in Table 3. Lipiodol accumulation was detectable on CT and 
intraoperative fluoroscopy for all target nodules. VATS was 

Figure 1 Computed tomography (CT) image and reconstructed 3D image taken after lipiodol marking. (A) A volume of 0.2 mL of lipiodol 
was injected adjacent to the target lesion. The lipiodol spot was confirmed on CT. (B) The target lesion (red) and radio-opaque nodule (yellow) 
with accumulated lipiodol. The deviation was measured as the distance between the centers of the target lesion and the nodule on 3D CT.

11.3 mm

BA
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performed without conversion to thoracotomy in all cases. All 
specimens had an initially negative surgical margin, and the 
mean margin distance was 13.3 mm (range, 7.27–19.3 mm).  
The 3D deviation from the center of the lipiodol spot to 

the center of the target SPN differed significantly in the 
two groups (margin <10 mm: 16.2 mm vs. margin ≥10 mm: 
12.2 mm, P=0.03). The distance to the pleural surface and 
tumor size was larger for those lesions with margin <10 mm  
although neither factor individually was statistically 
significant in this study. Other variables, including time 
required for marking, size of lipiodol spot, and operation 
time, did not show a significant difference between the 
groups.

The 3D deviation was the only factor that was 
significantly associated with the margin distance in 
univariate (OR, 0.35; 95% CI, 0.13–0.96; P=0.04) and 
multivariate (OR, 0.26; 95% CI, 0.08–0.81; P=0.02) analyses 
(Table 4). 

Discussion

In this study, we investigated factors that may influence the 
surgical margin distance in preoperative lipiodol marking. 
Both technical factors related to marking and the surgical 
procedure and tumor factors such as location, size, and 
depth were evaluated. However, in statistical analysis, only 
the 3D deviation between the lipiodol spot and the lesion 
was a significant factor affecting the margin distance.

Table 1 Patient characteristics

Variables Number

Total patient number, n 45

Sex, n (%)

Male 23 (51.1)

Female 22 (48.9)

Age (years) (IQR) 65.4 (56.3–75.3)

Body mass index (IQR) 22.8 (20.7–24.2)

FEV1.0% (IQR) 74.3 (68.6–78.8)

Number of lesions, n (%)

One 39 (86.7)

Two 5 (11.1)

Three 1 (2.2)

Data are given as counts (percentages in parentheses) or mean 
(standard deviations in parentheses). FEV1.0%, percentage of 
forced expiratory volume in 1 second; IQR, interquartile ratio.

Table 2 Characteristics of the nodules

Variable Entire cohort Margin ≥10 mm Margin <10 mm P value

Number of nodules 52 36 16 NA

CT findings NA

GGO 28 20 8

Part-solid GGO 8 6 2

Solid lesion 16 10 6

Lesion location NA

RUL 13 10 3

RML 4 3 1

RLL 15 9 6

LUL 11 7 4

LLL 9 7 2

Lesion size on CT, mm (IQR) 10.1 (6.75–12.3) 9.0 (7.0–11.3) 7.5 (5.8–16.3) 0.58

Distance to the pleural surface, mm (95% CI) 13.8 (5.44–22.2) 13.5 (4.92–22.1) 14.5 (6.46–22) 0.67

Data are given as counts (percentages in parentheses) or mean (standard deviations in parentheses). NA: not available; GGO: ground glass 
opacity; RUL: right upper lobe; RML: right middle lobe; RLL: right lower lobe; LUL: left upper lobe; LLL: left lower lobe; IQR: interquartile 
ratio; CI: confidence interval.
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Table 3 Procedure and pathological details

Variables Entire cohort Margin ≥10 mm Margin <10 mm P value

Number of nodules 52 36 16 NA

Time required for marking, min (IQR) 13.8 (10–15) 12.0 (10–15) 10.5 (9–17) 0.38

Patient position for marking NA

Supine 25 17 8

Prone 27 19 8

Size of lipiodol spot, mm (95% CI) 12.5 (10.5–14.5) 12.5 (10.5–14.5) 12.6 (10.5–14.7) 0.79

3D deviation between lipiodol spot and lesion, mm 
(95% CI)

13.4 (7.1–19.7) 12.2 (6.74–17.7) 16.2 (8.82–23.6) 0.03

Surgical procedures NA

2-Port VATS 43 30 13

3-Port VATS 9 6 3

Operation time, min (IQR) 99.8 (64.5–123.3) 85.0 (61.0–133.3) 98.5 (81.8–124.0) 0.28

Final pathological diagnosis NA

Adenocarcinoma 5 4 1

AIS 17 14 3

MIA 12 7 5

Metastases 18 11 7

Tumor size, mm (IQR) 9.92 (6–12.3) 8.0 (6.0–11.3) 8.5 (6–13.5) 0.97

Surgical margin distance, mm (95% CI) 13.3 (7.27–19.3) 16.0 (11.0–21.0) 7.13 (4.47–9.79) NA

Data are given as counts (percentages in parentheses) or mean (standard deviations in parentheses). NA, not available; VATS, video-
assisted thoracoscopic surgery; AIS, adenocarcinoma in situ; MIA, minimum invasive adenocarcinoma; IQR, interquartile ratio; CI, 
confidence interval.

Limited resection, including wedge resection and 
segmentectomy, has typically been the choice for patients 
with poor cardiopulmonary function (19). With recent 
advances in CT, SPNs invisible on chest radiography are 
increasingly being detected. Despite a lack of sufficient 
evidence, intentional limited resection is increasingly 
indicated for low-risk patients with early-stage lung  
cancer (24). For limited resection, evaluation of the surgical 
margin distance is a major concern in terms of local control. 
An inadequate margin increases local recurrence, with the 
potential for microscopic spread of cancer cells from the 
margin (19-24). Thus, El-Sherif et al. reported a higher 
rate of local recurrence in cases in which the margin was 
<10 mm compared with ≥10 mm (20); and Mohiuddin et al. 
found that the local recurrence risk among patients with a 
10 mm margin was 45% lower than that in patients with a 
5 mm margin (21). Wolf et al. also reported that the margin 

distance was independently associated with longer survival 
and recurrence-free survival, as well as local recurrence (22).

The findings in the studies above are mainly based on 
resection of early-stage lung cancer, but similar results have 
been reported for pulmonary metastasis (23). Thus, since 
a margin of <10 mm has been significantly associated with 
the local recurrence rate, ensuring margins ≥10 mm should 
be a priority in limited resection to achieve local control 
(20-22,24). For this reason, we divided our patients into 
two subgroups with margins of <10 and ≥10 mm, based on 
pathological reports of the surgical margin distance.

Preoperative marking is useful to localize SPNs and 
permits wedge resection by VATS. However, during 
preoperative marking, infrequent positive resection 
margins and recurrence at the surgical stump have been 
reported (7). A systematic review and meta-analysis 
compared the three most widely used preoperative 
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Table 4 Univariate and multivariate analyses of factors affecting the distance of the surgical margin

Variables Univariate OR (95% CI) P value Multivariate OR (95% CI) P value

3D deviation between lipiodol spot and lesion 0.35 (0.13–0.96) 0.04 0.26 (0.08–0.81) 0.02

CT findings

GGO/part-solid lesion vs. solid lesion 1.56 (0.45–5.43) 0.49 0.83 (0.16–4.36) 0.82

Lesion location

RUL/RML/LUL vs. RLL/LLL 0.80 (0.25–2.60) 0.71 0.39 (0.07–1.94) 0.25

Patient position for marking

Supine vs. prone 1.61 (0.49–5.26) 0.43 0.29 (0.06–1.39) 0.12

Surgical procedure

2-port vs. 3-port 0.87 (0.19–4.01) 0.86 0.84 (0.13–5.32) 0.85

GGO, ground glass opacity; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

marking techniques (hook wire, microcoil and lipiodol), 
but did not provide a detailed assessment of the surgical 
margin (18). Many studies have evaluated factors associated 
with success rates and complication rates in preoperative 
localization, but the current study is novel in its focus on 
the surgical margin distance. The first nonrandomized 
prospective study comparing two marking methods 
concluded that use of a hook wire resulted in more initially 
positive resection margins than use of lipiodol due to the 
difficulty in determining the exact location of a lesion in 
the lung parenchyma (17). With lipiodol, such a lesion can 
be resected under fluoroscopy and confirmation that the 
lesion is included in the specimen is possible through the 
C-arm after resection (9-15). 

In the current study, tumor factors such as size, distance 
from the pleural surface, and components did not affect 
the surgical margin distance. Unlike other localization 
techniques that only label the pleural surface, lipiodol 
accurately indicates the resection area under real-time 
fluoroscopy guidance, especially for deep-seated lesions 
(17,26). This property of lipiodol may explain why the 
lesion characteristics did not affect the surgical margin 
distance. The margin was also unaffected by the position at 
the time of marking and the number of ports in VATS, and 
the 3D deviation was the only factor affecting the margin. 
The distance between the needle tip and the nodule on 
chest CT has been measured for assessment of marking 
accuracy (26), but considering the 3D shape of the lung, 
a distance measured in either the axial or coronal view 
may not reflect the exact distance from the radio-opaque 

nodule to the lesion. In this study, we reconstructed 3D 
images from chest CT and measured the 3D deviation to 
understand the precise positional relationship between the 
lesion and radio-opaque nodule. Univariate and multivariate 
analyses showed that the 3D deviation of the radio-opaque 
nodule from the pulmonary lesion was the most significant 
factor affecting the surgical margin distance.

 In percutaneous preoperative marking, direct puncture 
of lung lesions may cause pleural dissemination and should 
be avoided (14). Lipiodol itself poses a potential risk of 
systemic embolism because it is a water-insoluble material 
(10,15). Lipiodol marking also has a potential risk of air 
migration into adjacent vessels. Therefore, it is safer to 
inject lipiodol into the lung parenchyma, where there are 
few structures such as thick blood vessels and bronchi, to 
prevent embolism (9-15,25,26). However, the deeper the 
tumor is located from the pleural surface, the closer it is to 
the hilum and the thicker the blood vessels and bronchi. 
Thus, to puncture a lung parenchyma safely, lipiodol must 
be injected away from the lesion. This study suggests that 
if the 3D deviation is low, a sufficient surgical margin 
can be secured, but that a greater deviation may result in 
an insufficient surgical margin. Because the radiopaque 
shadow generally created by lipiodol is vague, the distance 
between the lesion and the radiopaque nodule may affect 
the postoperative margin. This implies that inaccurate 
lipiodol marking may lead to smaller surgical margin. As 
we accumulate more cases in the near future, we may be 
able to clarify the factors that affect the distance of 3D 
deviation.
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Limitations

The study has some limitations. First, it was performed as 
a single-center, retrospective study, so selection bias could 
not be avoided, and the relatively small number of patients 
weakened the statistical data. Second, unlike conventional 
preoperative marking, our localization was performed 
under general anesthesia in a hybrid operating room. This 
approach may have a lower incidence of complications 
such as pneumothorax and hemoptysis compared to the 
traditional approach (25,27-29), and may not affect the 
marking technique itself, but further direct comparison 
of the two approaches is still needed. However, a single-
center study found no differences in marking success rates 
or complication rates (29), with the conclusion that the 
choice between the two approaches should be based on the 
most readily available approach at each facility, since no 
significant difference in outcomes was found. Therefore, 
we believe that our marking approach did not affect the 
results. Third, measuring a precise margin distance is 
frequently difficult due to the presence of staples, and there 
is no standard method to assess the surgical margin (30).  
We measured from the cut staple line, which may add 
approximately 0.5 cm to measurements taken before the 
cut, on a deflated lung. Thus, our measured distance may 
be shorter than that found in other studies of the surgical 
margin. 

Conclusions

The 3D deviation between the radio-opaque nodule and 
the target lesion affected the surgical margin distance 
after preoperative lipiodol marking, but other tumor and 
technical factors had no significant effects. These results 
suggest that decreasing the 3D deviation will produce a 
more accurate surgical margin, regardless of the tumor size 
and depth, and technical factors. Also, measurement of the 
3D deviation between the lipiodol nodule and the target 
nodule may be a useful indicator for the safety and accuracy 
of resection of SPNs.
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