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Background: The significant improvement of patient outcomes from minimally invasive lung surgery has
led to the development of advanced lung nodule localization techniques to help manage patients with small
suspicious lung nodules or to help resect patients with small pulmonary metastases. However, there are no
clear computed tomography (CT) criteria to guide the use of advanced localization techniques for this group
of patients.

Methods: We conducted a retrospective chart review of patients who had undergone initial wedge
resection of single or multiple lung nodules. We collected demographics, surgical information and surgical
outcomes as well as CT scan features. Multiple logistic regression was performed to determine which factors
were most predictive of the need for advanced localization techniques

Results: A total of 45 patients (73 %) were resected by direct identification alone while 17 patients (27%)
required advanced localization techniques. Of those requiring advanced localization, 11 patients had cone
beam CT, 3 patients had transbronchial localization using electromagnetic navigation and 3 patients had
preoperative CT guided wire localization. Patients requiring advanced localization had significantly smaller
lung nodules at 0.8 cm compared to 1.4 cm (P=0.01), nodules that were further away from the pleura at
1.3 em compared 0.1 em (P<0.001) and were more likely to have ground glass nodules (P=0.01) compared to
patients who were resected by direct identification alone. Multiple logistic regression confirmed that nodule
size, distance to pleura and ground glass attenuation were predictive factors for requiring advanced localizing
techniques. Every patient was treated with minimally invasive lung resection. A 1.3-cm or greater solitary
pulmonary nodule less than 5 mm from the pleura can be removed without advanced techniques with a 96%
success rate.

Conclusions: Overall, in patients undergoing resection of a suspicious primary or metastatic lung nodule,
advanced localization techniques should be considered in those with small non-solid nodules, which are not

near the pleural surface on CT scan.
Keywords: Lung nodule; lung cancer; navigation bronchoscopy; cone beam computed tomography (cone beam

CT); computed tomography guided localization (CT guided localization)
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Introduction

Computed tomography (CT) screening for lung cancer
has significantly reduced the mortality from lung cancer in
high risk patients by discovering cancer at an early stage
of development (1). The increased use of CT screening
has led to patients presenting with smaller nodules. These
patients are evaluated based on patient and imaging
characteristics to determine the probability of the nodule
being malignant (2). Patients with a solitary lung nodule
that is highly suspicious for primary lung cancer undergo
wedge resection, intraoperative pathologic evaluation,
followed by a lobectomy, if proven malignant. Some
patients with multiple lung nodules need either diagnosis or
therapeutic resection of the metastatic cancer to the lung.
Traditionally, these patients underwent a thoracotomy
followed by palpation of the lung and eventual resection
of the lesions. Patients with a nodule that was >5 mm away
from the pleura that was <1 cm in size had about 63%
chance of needing a thoracotomy to remove the nodule (3).
However, the advancement of both video-assisted
thoracoscopic surgery (VATS) and robot-assisted minimally
invasive procedures has led to the development of advanced
localization techniques to avoid thoracotomy.

Advanced localization techniques are performed with
either transbronchial or transthoracic localization. The most
common transbronchial technique utilizes electromagnetic
navigational bronchoscopy to place a fiducial marker with
concurrent methylene blue dye injection. On subsequent
thoracoscopic examination, the lesion can be identified
with methylene blue on direct visualization and the fiducial
can be identified with fluoroscopy (4,5). Another option is
to perform transthoracic localization with CT-guidance
by an interventional radiologist who leaves a hooked wire,
dye, microcoil, contrast dye or radiotracer in the nodule
immediately prior to surgical resection (6-14). Alternatively,
the patient can undergo localization in the operating
room using intraoperative cone beam CT followed by
resection (15-17). These advanced localization techniques
take additional time and carry additional risks to patients
compared to visually identifying the lesion.

Upon review of recent studies that advocate for the use
of these techniques, some lung nodules included in the
reviewed studies were either abutting the pleural surface
or greater than 2 cm in size, factors (7,8,10), criteria that
may have eliminated the need for advanced techniques.
Moreover, there are no clear CT criteria to help decide
when advanced techniques should be employed. In our
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study, we aim to show that most lung nodules can be
removed using visual identification and that small non-solid
nodules that are far from the pleura should prompt the use
of advanced techniques.

Methods

The Institutional Review Board at Houston Methodist
Research Institute approved this study (000136980). We
performed a retrospective case control study evaluation for
patients who underwent resection of a nodule. Inclusion
criteria for patients in this study were patients who had
either solitary or multiple lung nodules who underwent
wedge resection from 2016-2017. A surgeon made a
decision based on the nodule’s appearance on the CT
scan whether to use advanced techniques to localize the
lesion. We collected demographics, medical history,
surgical details, and outcomes of the operation from the
prospective database for the Society of Thoracic Surgeons
at Houston Methodist Hospital, which is extracted from
the patients’ electronic health records. We also performed
retrospective analysis of the preoperative CT scans to
determine the size of the nodule, density of the nodule (solid
or ground glass) and the distance to the nearest pleural
surface. We compared the characteristics of patients who
required advanced localization to patients who had direct
identification of the nodule. Three different advanced
localization techniques were used during this study. We
performed cone beam CT localization in a hybrid operating
room, where we performed both localization and resection
after the patient underwent general anesthesia. First, the
patient underwent localization of the nodule with a needle
and/or fiducial under cone beam CT (Figure I). The
patient then underwent minimally invasive wedge resection
of the nodule and based on the pathology, the patient
underwent additional procedures (i.e., lobectomy). Another
intraoperative localization technique was transbronchial
localization, in which we used electromagnetic navigational
bronchoscopy to perform intraoperative localization of the
nodule. With a single lumen endotracheal tube, we would
place fiducial and methylene blue with fluoroscopy. Then,
a double lumen endotracheal tube was placed, the patient
was placed in lateral decubitus position, and we performed
minimally invasive wedge resection of the lesion. Based on
the pathologic assessment, the patient underwent additional
procedures. Finally, we also utilized preoperative CT
localization with a hook wire in the Radiology department.
The patient had this procedure immediately prior to
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Figure 1 Cone beam CT intraoperative localization. (A) CT of a patient with 7-mm solid nodule 2 cm away from the pleura; (B) image of

the cone beam CT in a hybrid operating room; (C) image of needle localization of the nodule in a patient; (D) fluoroscopic image of the

needle and fiducial placed by the nodule; (E) image of video-assisted thoracoscopic port placement for the resection of the lung nodule; (F)

image of a lung specimen in which intraoperative pathology showed an adenocarcinoma of the lung. CT, computed tomography.

operation and subsequently the patient had a minimally
invasive procedure to remove the lesion (Figure 2).
Demographic and clinical data were reported as
frequencies and proportions for categorical variables.
Continuous variables with normally contributed data
were presented as mean * standard deviation (SD).
Continuous variables with non-normally contributed data
were presented as median and interquartile range (IQR).
Univariable and multiple logistic regression analyses were
performed to determine the characteristics associated
with whether the patient required advanced techniques to
perform resection of the lung nodule. Variables that had
a P value of <0.2 in the univariable analysis or considered
clinically significant were investigated further by multiple
logistic regression modeling. Variable selection for the
multiple logistic regression models was conducted using
the Bayesian model averaging (BMA) method (18,19). The
best model was selected based on the smallest Bayesian
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information criterion (BIC). We determined the model
discrimination by the area under the receiver operating
characteristic (ROC) curve (AUC). We assessed the model
calibration using the Hosmer-Lemeshow goodness-of-
fit test with a non-significant P value indicating a good
calibration. The diagnostic performance of individual
predictors of the final model as well as different
combinations of these predictors were also evaluated
using the sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio, negative
likelihood ratio, and AUC (95% CI). All analyses were
performed on Stata version 14.2 (StataCorp LCC, College
Station, TX, USA). A P value of <0.05 was considered
statistically significant.

Results

There were 62 patients who met the inclusion criteria. Of
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Figure 2 Preoperative CT localization. (A) CT of 1.1 cm ground glass opacity that has increased in size over time that was located on the

pleura; (B) CT of the preoperative CT localization of the lung nodule; (C) image of a needle in the lung during the VATS wedge resection;

(D) image of the stapler around the area of needle localization during VATS wedge resection of the lung. CT, computed tomography; VATS,

video-assisted thoracoscopic surgery.

these, 45 patients (73%) had their lung nodule resected
by direct identification and 17 patients had advanced
localization techniques to identify the nodule. Eleven
patients had cone beam CT localization and resection
of the nodule. Three patients had lung resection after
localization with electromagnetic navigation and 3 patients
had preoperative CT guided localization of the lung nodule.
The group’s median age was 66 years old with 33 women
(53%) and 29 (47%) men. There were no significant
differences in co-morbidities, Zubrod score, American
Society of Anesthesiologists (ASA) classification, smoking
status and pulmonary function test (7uble I).

However, there were significant differences in the lung
nodule’s characteristics on the CT scan. Patients who had
resection of the lung nodule based on direct identification
had significantly larger lung nodules with the median size
of the nodule at 1.4 cm compared to 0.8 cm for patients
who had the nodule identified with advanced techniques
(P=0.01). Moreover, nodules resected by direct inspection
had a median distance to the pleura of 0.1 cm, compared
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to nodules resected with advanced localization, which were
a median of 1.3 cm from the pleura (P<0.001). Finally,
nodules which required advanced localization techniques
were more likely to be ground glass rather than solid than
those resected by direct inspection (Tuble 2).

All patients underwent minimally invasive surgery to
remove the lung nodule with either VATS (52%) or robot-
assisted techniques (48%). Typically patients had two
S-mm Xcel ports and one 12-mm Xcel port for VATS
wedge resection. Patients who underwent subsequent
VATS lobectomy had three port incision technique in
which the patient had a 4-cm utility incision in the 4th
or 5th intercostal space in the mid-axillary line, 12-mm
posterior port at the 7th intercostal space, posterior to the
posterior axially line and 12-mm anterior port in the 7th
intercostal space mid-axillary line. We used “five on a dice”
port placement for the robot-assisted technique (20,21).
There were no surgical conversions to a thoracotomy. Most
patients needed only a wedge resection (49, 79.0%), while
2 patients (3.2%) had segmentectomy after the wedge and
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Table 1 Patient characteristics
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Characteristics Total (n=62) Visual (n=45) Advanced (n=17) P
Age (years), median (IQR) 66 (57.0-71.0) 66 (57.0-75.0) 65 (57.0-68.0) 0.27
Gender, n (%)

Female 33 (53.2) 27 (60.0) 6 (35.3) -

Male 29 (46.8) 18 (40.0) 11 (64.7) 0.09
Height (cm), median (IQR) 170.0 (161.0-175.3) 168.0 (161.0-175.0) 173.0 (163.0-180.0) 0.23
Weight (kg), median (IQR) 73.9 (569.0-99.3) 71.0 (569.0-88.9) 83.5 (66.3-103.0) 0.32
BMI (kg/mz), median (IQR) 26.1 (22.4-31.1) 25.8 (22.5-30.9) 27.2 (20.8-31.7) 0.45
Hypertension, n (%) 34 (54.8) 25 (55.6) 9 (52.9) 0.85
Steroids, n (%) 3(4.8) 2 4.4) 1(5.9) 0.81
Coronary artery disease, n (%) 9 (14.5) 7 (15.6) 2(11.8) 0.71
Peripheral vascular disease, n (%) 4 (6.5) 4(8.9) 0 (0.0) 0.53
Prior cardiothoracic surgery, n (%) 16 (25.8) 11 (24.4) 5(29.4) 0.69
Preoperative chemo current malignancy, n (%) 3(4.8) 2 (4.4 1(5.9) 0.81
Cerebrovascular history, n (%)

TIA 5(8.1) 4 (8.9 1(5.9) -

CVA 4 (6.5) 4 (8.9 0(0.0) 0.99
Diabetes, n (%) 14 (22.6) 10 (22.2) 4 (23.5) 0.91
COPD 18 (29.0) 13 (28.9) 5(29.4) 0.97
Interstitial fibrosis, n (%) 1(1.6) 0(0.0) 1(5.9) 0.55
Cigarette smoking, n (%)

Never 22 (35.5) 16 (35.6) 6 (35.3) -

Past >1 month 35 (56.5) 26 (57.8) 9 (52.9) 0.90

Current 5(8.1) 3(6.7) 2(11.8) 0.58
FEV+ predicted, median (IQR) 91.5 (80.0-102.5) 93.5 (80.0-102.5) 90.0 (81.5-102.5) 0.71
DLCO predicted, median (IQR) 85.0 (67.0-95.0) 82.5 (66.5-90.5) 90.0 (81.0-100.0) 0.12
Zubrod score, n (%)

0 45 (72.6) 31 (68.9) 14 (82.4) -

1 14 (22.6) 12 (26.7) 2(11.8) 0.23

2 2(3.2) 1@2.2) 1(5.9) 0.58

3 1(1.6) 1(2.2) 0 (0.0 -
ASA classification, n (%)

| 0(0.0) 0(0.0) 0(0.0) -

Il 7 (11.3) 5(11.1) 2(11.8) -

11 43 (69.4) 31 (68.9) 12 (70.6) 0.97

\% 12 (19.4) 9 (20.0) 3(17.6) 0.87

IQR, interquartile range; BMI, body mass index; TIA, transient ischemic attack; CVA, cerebrovascular accident; COPD, chronic obstructive
pulmonary disease; FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity of the lungs for carbon monoxide; ASA,
American Society of Anesthesiologists .
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Table 2 Computed tomography characteristics
Characteristics Total (n=62) Visual (n=45) Advanced (n=17) P
Laterality, n (%)
Right 23 (37.1) 19 (42.2) 4 (23.5) -
Left 39 (62.9) 26 (57.8) 13 (76.5) 0.18
Nodule size (cm), median (IQR) 1.3(0.8-1.7) 1.4 (1.1-1.7) 0.8 (0.7-1.1) 0.01
Distance to pleura (cm), mean = SD 0.5+0.8 0.1+£0.4 1.3+x1.0 <0.001
Nodule type, n (%)
Solid 50 (80.6) 42 (93.3) 8(47.1) -
Not solid (GGO or mixed) 12 (19.4) 3(6.7) 9 (52.9) <0.001
IQR, interquartile range; SD, standard deviation; GGO, ground glass opacifications.
Table 3 Surgery and pathology
Description Total (n=62) Visual (n=45) Advanced (n=17) P
Type of procedure, n (%)
Wedge 49 (79.0) 37 (82.2) 12 (70.6) -
Segment 2.2 2 (4.4 0 (0.0 -
Lobectomy 11 (17.7) 6 (13.3) 5 (29.4) 0.21
Minimally invasive procedure, n (%)
VATS 32 (51.6) 20 (44.4) 12 (70.6) -
Robot surgery 30 (48.4) 25 (55.6) 5(29.4) 0.07
Surgical conversion, n (%) 0 (0.0) 0(0.0) 0 (0.0 -
Procedure time, median (IQR) 114 (64.0-189.0) 100 (59.0-168.0) 168 (112.0-260.0) 0.02
Pathology, n (%)
Lung cancer 25 (40.3) 16 (35.6) 9 (52.9) -
Metastatic 22 (35.5) 15 (33.3) 7(41.2) 0.76
Benign nodule 15 (24.2) 14 (31.1) 1(5.9 0.06

VATS, video-assisted thoracoscopic surgery; IQR, interquartile range.

11 patients (18%) had a lobectomy following the wedge
resection. At final pathology, only 15 (24%) patients had
benign nodules, 22 (36%) had metastatic disease and 25
(40%) had primary lung cancer. There was no difference
between the visualized group and the advanced technique
group for surgical and pathologic characteristics (Table 3).
Only 8 patients (13%) had grade 2 or higher complications
after surgery. The most common complications were
urinary retention (8, 13%), discharge with a Foley catheter
(3, 5%) and urinary tract infection (3, 5%). All patients
went home after surgery with a mean length of stay of
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2.8 days and a readmission rate of 8.1% (n=5) within 30 days
(Table 4).

Multiple logistic regression showed that nodule size,
distance to the pleura and a nodule that was not solid
were predictive factors for the use of advanced techniques
to localize the lung nodule prior to resection. Factors
including having all small lung nodules, a nodule located far
away from the pleura, or non-solid nodules on the CT scan
had a sensitivity of 77% and specificity of 91% in predicting
the use of advanced techniques to localize the nodule. Our
analysis of the area under the curve showed that a solitary

J Thorac Dis 2018;10(6):3390-3398
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Table 4 Surgical outcomes
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Surgical outcomes Total (n=62) Visual (n=45) Advanced (n=17) P
Postoperative events occurred, n (%) 15 (24.2) 11 (24.4) 4 (23.5) 0.94
Level of postoperative event, n (%)

0 47 (75.8) 34 (75.6) 13 (76.5) -

1 7(11.3) 7 (15.6) 0 (0.0 -

2 4 (6.5) 2 (4.4 2(11.8) 0.36

3 4 (6.5) 2(4.4) 2(11.8) 0.36
Unexpected return to OR, n (%) 1(6.3) 1(8.3) 0(0.0) 0.99
Urinary retention, n (%) 8 (50.0) 7 (58.3) 1(25.0) 0.27
Discharged with Foley catheter, n (%) 3(18.8) 3 (25.0) 0 (0.0 0.79
Urinary tract infection, n (%) 3(18.8) 2 (16.7) 1(25.0) 0.71
Air leak greater than 5 days, n (%) 1(6.3) 1(8.3 0 (0.0 0.99
Another pulmonary event, n (%) 1(6.3) 0(0.0) 1(25.0) 0.50
Atrial arrhythmia, n (%) 1(6.3) 1(8.3) 0(0.0) 0.99
Other cardiovascular event, n (%) 1(6.3) 0(0.0) 1(25.0) 0.50
Pneumothorax, n (%) 3(18.8) 1(8.3) 2 (50.0) 0.10
Total LOS, median (IQR) 2.0 (1.0-4.0) 2.0 (1.0-4.0) 3.0 (1.0-3.0) 0.90
Discharge home, n (%) 62 (100.0) 45 (100.0) 17 (100.0) 1.00
Readmission within 30 days, n (%) 5(8.1) 4 (8.9) 1(5.9 0.70
30-day mortality, n (%) 0 (0.0 0 (0.0 0 (0.0 1.00

OR, operating room; LOS, length of stay; IQR, interquartile range.
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2
=
% 0.50 -
C
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0.00 0.25 0.50 0.75 1.00

1-specificity

Figure 3 Receiver operating characteristic curve of direct localized
technique vs advanced technique. A solitary lung nodule that is
greater than 1.3 cm that and less than 5 mm from the pleura can be
removed with direct localization technique with 96% probability

of success. ROC, receiver operating characteristic.
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lung nodule that is greater than 1.3 cm and less than 5 mm
from the pleura can be removed with direct localization
technique with 96% probability of success (Figure 3).

Discussion

CT screening for patients at high risk for developing lung
cancer has led to an increase in the number of patients with
small lung nodules suspicious for malignancy. Often, these
nodules are not anatomically amenable to either transbronchial
or transthoracic biopsy. In the past, these patients would
undergo open thoracotomy and wedge resection and, based
on the nodule pathology, a subsequent appropriate resection
such as a lobectomy. However, with significant improvements
in outcomes using minimally invasive surgery, new techniques
have been developed to help identify these nodules.

J Thorac Dis 2018;10(6):3390-3398
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Transbronchial localization of the nodule has the
advantage of being performed efficiently at the time of
surgery. The major disadvantage of the localization process
is that it is not as accurate as CT localization. CT guided
wire localization of the lesion can be performed prior to
surgery. After localization, the patient is then taken to the
operating room where they undergo minimally invasive
wedge resection of the lung around the localization wire.
The advantage of this technique is more accurate localization
and no additional time spent localizing the nodule in the
operating room. However, the patient must undergo a
separate localization in a different department of the hospital
and the procedure has its own set of potential complications.
Patients have been known to have pneumothorax and
hemorrhage from this procedure (12,14). There is also the
possibility of dislodging the wire prior to surgery, which
would result in inaccurate localization of the lesion. Cone
beam CT localization allows for accurate intraoperative
localization and provides an opportunity to re-localize the
nodule if it is not seen in the initial specimen. However, the
major disadvantage of the procedure is the additional time
needed in the operating room to localize the lesion.

Although these advanced techniques are available, not all
nodules require these techniques. Our study demonstrates
that the large majority (73% in this study) of nodules
can be resected with direct visual and tactile localization
alone. However, the nodules where advanced techniques
were employed were significantly smaller, further away
from the pleura and less likely to be solid. Having all
three characteristics significantly increased the likelihood
that advanced techniques would be used to perform the
resection. None of the patients required conversion to
open thoracotomy, showing that judicious use of advanced
techniques can help achieve minimally invasive pulmonary
resection in this group of patients. The CT criterion of a
solid pulmonary lesion greater than 1.3 cm that is less than 5
mm from the pleura can be used as a concrete cutoff to decide
when to use direct visual and tactile localization instead of
advanced techniques. The major limitation of this study is
that it is a retrospective design examining a single institutional
experience by a single surgeon looking at small lung nodules
undergoing initial wedge resection. A prospective study
examining this defined CT criteria prescribing the use of
advanced techniques will provide more clarity with regard to
the success rate of this recommendation.
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Conclusions

In summary, when planning minimally invasive resection
of a pulmonary nodule, advanced localization techniques
should be considered for nodules which are small in size
(<1.3 cm), further away from the pleura (>5 mm) and which
are not solid in CT appearance.
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