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Peripheral Lung Nodules
Fluoroscopically Guided Video-Assisted Thoracoscopic Resection After

Computed Tomography-Guided Localization Using
Platinum Microcoils

Tom I. Powell, MD, Dalbhir Jangra, MD, Joanne C. Clifton, MSc, Humberto Lara-Guerra, MD,
Neal Church, MD, John English, MD, Ken Evans, MD, John Yee, MD, Harvey Coxson, PhD,

John R. Mayo, MD, and Richard J. Finley, MD

Objectives: We sought to test the safety and efficacy of fluoroscopi-
cally guided, video-assisted, thoracoscopic resection after computed
tomography (CT)-guided localization using platinum microcoils.
Summary Background Data: Video-assisted thoracoscopic (VATS)
resection of small pulmonary nodules �5 mm deep to the visceral
pleura fails to locate the nodule and requires conversion to open
thoracotomy in two thirds of cases. Therefore, we developed a new
technique for intraoperative localization of these nodules using CT-
guided placement of platinum microcoils. This study tests the safety and
efficacy of this technique in a Phase I human study.
Methods: Twelve patients with undiagnosed growing pulmonary
nodules �20 mm were marked preoperatively using percutaneously
placed CT-guided platinum microcoils. The coil was deployed
adjacent to the nodule with the distal end of the coil placed deep to
the nodule and the superficial end coiled on the pleural surface. The
nodule and coil were excised using endostaplers guided by VATS
and fluoroscopy. Histopathologic diagnosis was performed immedi-
ately after resection.
Results: CT-guided microcoil localization was successful in all
patients. A small hemothorax and a pneumothorax requiring a chest
tube occurred in 2 patients. Mean distance from visceral pleura to
the deep edge of the nodule was 30.9 � 15.4 mm. VATS resection
of the nodules (size � 11.8 � 3.2mm) was successful in all patients.
Mean microcoil localization, fluoroscopy, and operative times were
42 � 14, 3.1 � 2.0, and 67 � 27 minutes. A diagnosis of primary
nonsmall cell bronchogenic carcinoma was made in 6 patients who
then received a completion lobectomy. Six patients (hamartoma: 2,

reactive lymph node: 1, bronchoalveolar cell carcinoma: 2, meta-
static sarcoma: 1) did not receive further resections.
Conclusions: Preoperative localization of pulmonary nodules using
percutaneous CT-guided platinum microcoil insertion combined
with operative fluoroscopic visualization is a safe, effective tech-
nique that increases the success rate of VATS excision.

(Ann Surg 2004;240: 481–489)

Lung cancer is the most common cause of cancer death for
both men and women in the industrialized world.1 Prog-

nosis for lung cancer is affected by many factors, but one of
the most important is the stage of the disease at presentation.
Individuals with peripheral lesions less than 3 cm in diameter
(T1) are ideal candidates for surgical resection and have the
best outcomes, with 5-year survival rates as high as 60% to
80%.2,3 The initial results from screening high-risk lung
cancer populations using computed tomography (CT) have
conclusively shown CT is more sensitive than chest radio-
graphs for detecting small lung cancers.4–6 Given the world-
wide interest in screening for lung cancer, it is likely that a
large number of small growing nodules will be detected that
will require further investigation.7

The detection of a small growing lung nodule on chest
CT raises the suspicion of lung cancer, but proof of malig-
nancy must be established by either needle biopsy or nodule
resection. Many centers excise these small growing nodules
using video-assisted thoracoscopic surgery (VATS) to mini-
mize postoperative morbidity and to remove as small a
volume of lung tissue as possible. However, Suzuki,8 re-
ported that failure to visualize or palpate the nodule resulted
in 54% of patients requiring conversion from VATS to
thoracotomy for successful resection. This conversion oc-
curred in 63% of patients if the nodule was less than or equal
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to 10 mm in diameter and greater than 5 mm from the pleural
surface.

A number of small nodule localization techniques have
been developed in an attempt to improve the accuracy of
thoracoscopic resection, but these techniques have many
limitations and have not been put into general practice.
Recently, we have developed a novel technique whereby a
commercially available vascular embolization microcoil (80
mm long, 0.018-inch diameter fiber-coated, platinum wire)
was placed in the lung parenchyma of a pig using CT
guidance.9 These coils were delivered percutaneously via a
22-gauge needle with one end embedded in lung parenchyma
and the other end coiled in the pleural space. Using the animal
model, we showed that these coils can be deployed safely and
easily, and subsequently localized and resected using fluoro-
scopically guided, thoracoscopic, wedge resection.

The purpose of this human phase I study was to
determine if this microcoil technique could be safely used in
humans with small peripheral lung nodules. We hypothesized
that this preoperative procedure would increase the VATS
resection of small pulmonary nodules and decrease the rate of
conversion to thoracotomy.

MATERIALS AND METHODS
The study protocol and patient consent forms were

approved by the Institutional Review Board of the Vancouver
Hospital and Health Sciences Centre and the University of
British Columbia.

Patient Selection
Patients referred to our institution for surgery with

growing pulmonary nodules less than 20 mm in maximum
long axis diameter in peripheral lung, between April 1, 2003,
and November 15, 2003, were evaluated and, if eligibility
criteria were met, approached to participate in the study.
Thirteen patients agreed to participate after being informed of
the risks and benefits of the procedure as well as all the
alternatives for treatment.

Preoperative CT Review
The preoperative CT scan was jointly reviewed by the

surgeon (R.F., K.E., J.Y.) and the radiologist (T.P., J.M.) to
determine whether the nodule could be excised using thora-
coscopic staple wedge techniques. Nodule lobar location,
size, depth from the nearest overlying pleural surface, and
mean density were assessed and recorded using electronic
calipers on the scanner workstation. Preoperative variables,
including smoking history, FEV1, and the presence of em-
physema on CT scan were recorded.

Radiologic Localization Procedure
The CT-guided percutaneous microcoil nodule local-

ization procedure was performed using conscious sedation
and local anesthesia. A CT scan was performed using a

Siemens Sensation 16 multidetector-row CT scanner (Sie-
mens Medical Systems, Erlangen, Germany) to localize the
nodule. The scan protocol used was identical to the lung
cancer screening follow-up protocol used in our institution
(16-slice helical acquisition mode, 0.75-mm detector aper-
ture, table speed 3.6 cm per second, beam pitch 1.5, 320 mA,
0.5-second rotation time and 120 kVp). One-mm thick im-
ages were reconstructed at 1-mm intervals using a 180 linear-
interpolation algorithm and both low (B45) and high (B60)
spatial frequency reconstruction algorithms. The images were
archived in the DICOM 3.0 format. The CT scan was used to
plan the needle access route and measure the depth of the
nodule from the external surface of the chest wall.

An 80-mm long, fiber-coated 0.018-inch diameter plat-
inum microcoil (Vortx-18, Diamond Shape, Boston Scien-
tific, Cork, Ireland) was completely loaded into a 100- or
150-mm long Chiba needle with 10-mm graduations on the
needle shaft (Cook (Canada) Inc., Stouffville, Ontario, Can-
ada). A 40-cm, 0.018-inch diameter, guide wire from a
micropuncture catheter introducer set (Mini-Stick Kit, Boston
Scientific, Waterton, MA) was marked at 2 points; the length
necessary to eject 30 mm of the fiber coated coil and the
length necessary to eject the entire coil from the Chiba
needle.

Using CT guidance, the tip of the loaded Chiba needle
was percutaneously placed approximately 5 mm deep to the
lung nodule. The guide wire was introduced up to the first
mark, advancing 30 mm of the 80-mm long fiber-coated
microcoil out of the Chiba needle and into the lung paren-
chyma where it assumed a tightly coiled helical configuration
adjacent to the nodule (Figs. 1a and 2). A second localized
CT scan was performed to confirm that the first 30 mm of coil
was successfully deployed and to measure the distance from
the tip of the Chiba needle to the pleural surface of the lung.
Using the graduation on the needle, the Chiba needle tip was
retracted from its location adjacent to the nodule to the
pleural surface while holding the stiff end of the guide wire in
place. This maneuver deployed a straight segment of micro-
coil along the needle tract, from the nodule to the pleural
surface of the lung. Then the needle was held stationary and
the guide wire advanced to the second mark, ejecting the
remaining microcoil from the needle (Fig. 1b). Once pushed
out of the Chiba needle, the end of the fiber-coated microcoil
formed a compact helical configuration on the visceral pleural
surface. The empty Chiba needle was then removed from the
chest wall (Figs. 1c and 3).

A CT scan was obtained to assess the position of the
microcoil relative to the lesion and the pleural space and to
assess for the presence of hemorrhage and pneumothorax.
The CT images were also reconstructed as a 3-dimensional
image using a Leonardo medical workstation (Siemens Med-
ical Systems, Erlangen, Germany) to measure the distance
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from the microcoil to the nodule. The patient was then
transferred to the operating theater.

Surgical Procedure
In the operating room, the patient was placed in the

lateral position under general anesthesia. A double lumen
endotracheal tube was inserted and the involved lung de-
flated. A 5-mm thoracoscopic port was inserted into the
pleural space and the microcoil located on the visceral pleural
surface. Based on the position of the microcoil, 2 other ports
were placed to insert a grasping instrument and a linear
stapling device (Endo GIA II –United States Surgical, Nor-
walk, CT). The pleural end of the microcoil and adjacent lung
surface were grasped together and elevated. Fluoroscopy was
used to visualize the deep end of the coil and to guide the
placement of the endoscopic staplers (Fig. 4). The resected
lung was placed in an endoscopic retrieval bag and with-
drawn through the chest wall. Excision of the complete
microcoil and nodule was confirmed fluoroscopically and the
specimen sent for frozen section.

An experienced pulmonary pathologist examined the
wedge resection according to accepted clinical practice at our
institution. A frozen section block was removed from the
nodule for histologic diagnosis. If the lesion was found to be
a nonsmall cell lung cancer the patient received intraoperative
staging to determine resectability. If the patient had adequate
cardiopulmonary reserve and the lesion was resectable, a
formal lobectomy was performed. If the lesion was determined

to be benign or completely resected, metastatic or well differ-
entiated bronchoalveolar cancer, the thoracic cavity was irri-
gated with saline and a small chest tube was put in place and
attached to underwater drainage. The lung was re-expanded, the
incisions closed, and the patient transported to the postanesthetic
recovery room.

Perioperative variables, including CT-guided microcoil
placement time, length of general anesthesia, surgical oper-
ating time, number and types of operating ports, and number
and types of disposable endoscopic staple cartridges, were
recorded. Pathologic variables including size, shape and his-
tology of the lesion, and minimum and maximum resection
margins from the edge of the tumor were assessed. Postop-
erative recovery room time, length of hospital stay (LOS),
duration of air leak from chest tubes, total blood loss from
chest tubes, postoperative complications and analgesic use
were recorded.

RESULTS
Thirteen patients were enrolled in the trial. One patient,

during the preoperative CT review was excluded because the
nodule was located too close to the inferior pulmonary vein to
allow safe wedge excision. All 12 remaining patients under-
went successful fluoroscopically guided video-assisted thora-
coscopic resection of small peripheral lung nodules after
CT-guided microcoil localization. The mean patient age was
61 � 10 years (range, 43–70). Six patients were male (50%).

FIGURE 1. A, 3 to 5 cm of the microcoil were initially deployed within 10 mm of the lung nodule within the lung. B, The needle
was then retracted to the pleural edge and the remainder of the microcoil deployed onto the pleural surface. C, The nodule and
coil were completely excised using endostaplers under fluoroscopic and thoracoscopic guidance.
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The mean weight was 81 � 16 kg (range, 62–118 kg). The
mean height was 171 � 13 cm. The preoperative FEV1 was
2.97 � 0.81 L (range 1.76–4.07 L). Five patients had
emphysema visible on the preprocedure CT scan.

The mean nodule size was 11.8 � 3.2 mm. (range,
6–18 mm) with a mean CT attenuation of 34 � 69 HU
(range, 9–155 HU).There was 1 nodule located in the right
upper, 2 in right middle, 2 in the right lower, 4 in the left
upper, and 3 in the left lower lobe. The distance from the
most superficial edge of the nodule to the visceral pleura was
19 � 14 mm (range, 2–45 mm) and the distance to the
deepest edge was 31 � 15 mm (range, 10–54 mm).

The time for CT guided insertion of the microcoil was
42 �16 min (range, 21–79 min). The distal end of the coil
was located within 10 mm of the lesion in all but 1 case. The
mean distance from the distal end of the coil to the visceral
pleural surface was 29 � 13 mm (range, 14–46). The
proximal end of the microcoil was deployed on the pleural
surface in 9 patients, within 1 mm of the lung visceral pleural
surface in 1 patient and tethered within the chest wall under

the parietal pleura in 2 patients. In the 2 cases where the coil
was tethered within the chest wall, 1 coil was successfully
extracted from the chest wall at the time of thoracoscopy
without displacement of the intrapulmonary portion of the
coil. The nodule and coil were successfully excised. In the
other case, the coil pulled out of the lung during deflation of
the lung. Fortunately, the entry site of the microcoil was
visible on the visceral pleural surface at thoracoscopy and
was permanently marked using cautery. This nodule was also
successfully excised using the VATS technique by measuring
the depth of the nodule on the CT scan. After deployment of
the coil, one patient with emphysema required a chest tube
for decompression of a symptomatic pneumothorax in the CT
suite. One other patient had approximately 30 mL of blood
found at thoracoscopy.

Complete nodule excision using endostaplers guided by
VATS and fluoroscopy was successful in all of the patients.
Mean fluoroscopy and operative times for resection of the
nodule were 3.1 � 2 (range, 1–7) and 67 � 27 (range, 20–98)
minutes. The mean number of staple lines placed was 5 � 2
(range, 3–9) cartridges.

FIGURE 2. Chiba needle loaded with a microcoil has been
introduced into the lung using CT guidance. The needle
touches the posterior edge of a 10-mm diameter growing
nodule in this 54-year-old female who had previously attended
a CT lung cancer-screening program.

FIGURE 3. Microcoil ejected from the 22-gauge Chiba needle,
sitting with the deep end coiled adjacent to the 8-mm nodule
and the superficial end coiled on the visceral pleural surface. A
small associated pneumothorax is noted.
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Frozen section histopathology provided adequate infor-
mation for correct intraoperative patient management in all
cases. Permanent section analysis confirmed the frozen sec-
tion diagnosis in all cases. The soft metal of the microcoil did
not affect the sectioning for pathologic analysis. Three pa-
tients had benign disease (hamartoma: 2, reactive lymph
node: 1) and underwent no further resections (Table 1). Three
patients had complete wedge resections of either well-differen-
tiated bronchoalveolar carcinomas (n � 2) or metastatic spindle

cell sarcoma (n �1) and also received no further resections. The
length of stay (LOS) for these VATS resected patients was 2.7
� 0.6 days, and there were no postoperative complications.

The remaining 6 patients, 5 with adenocarcinoma and 1
with squamous cell carcinoma, received a completion lobec-
tomy via transaxillary thoracotomy. Tumor staging for these
cancers was: T1N0 � 4, T1N1 � 1, and T1N2 � 1. The LOS
for this group was 12.2 � 15 days (range, 3–40 days).
Postoperative complications in the completion lobectomy
group included atrial fibrillation (n � 2), prolonged air leak
(n � 2) and aspiration pneumonia.

The preoperative treatment plan of 5 patients was
changed after nodule resection. Three patients with either a
negative percutaneous needle biopsy or negative positron
emission tomography (PET) scans were found to harbor
malignant nodules. Two patients with positive PET scans
were shown to have benign nodules after resection (Table 1).

The mean postoperative follow-up has been 2.5 � 1.7
months, and there have been no deaths in the study group.
The mean changes in total lung capacity (TLC) and forced
expiratory volume in 1 second (FEV1) in the patients receiv-
ing wedge resections were 0.39 � 0.21 L (5.2% decrease
from preoperative value of 7.37 L) and 0.25 � 0.11 L (7%
reduction from preoperative value of 3.57 L). The patient
with a spindle cell sarcoma metastasis developed further
metastases 4 months following wedge excision. No other
patients have developed recurrent disease.

DISCUSSION
This study shows that small peripheral lung nodules can

be safely marked using CT-guided placement of fiber-coated

FIGURE 4. Intraoperative fluoroscopy image showing the mi-
crocoil within peripheral lung that is being excised using a GIA
stapler. A grasper has been applied to the lung adjacent to the
coiled end of the microcoil on the visceral pleura.

TABLE 1. Patient Nodule Characteristics With Clinical and Histopathological Correlation

No.
Nodule

Location
CT Needle

Biopsy
PET
Scan Risk Factors Surgery Diagnosis Stage†

1 RB5 No No Heavy smoker Lobectomy Adenocarcinoma T1N0
2 LB4 No No Anticoagulated Lobectomy Adenocarcinoma T1N0
3 LB5 No No CAD Lobectomy Adenocarcinoma T2N2
4 LB6 Negative No Previous duodenal lymphoma Wedge Bronchoalveolar T1Nx
5 LB1 No No Heavy smoker Wedge Bronchoalveolar T1N0
6 LB6 Negative No Heavy smoker Lobectomy Adenocarcinoma T1N0
7 RB2 Negative No Heavy smoker Lobectomy Adenocarcinoma T1N1
8 RB5 No No Heavy smoker Wedge Reactive hyperplasia

in lymph node
–

9 LB12 Negative Pos* Breast cancer Wedge Hamartoma –
10 LB4 Negative Pos Heavy smoker Wedge Hamartoma –
11 RB9 No No Pulmonary fibrosis Lobectomy Large cell T1N0
12 RB8 No No Fibular sarcoma Wedge Sarcoma T1N0

*POS indicates positive study; CAD, coronary artery disease.
†Staging based on UICC classification.
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platinum microcoils. The localization procedure is techni-
cally similar to that used for standard CT-guided fine-needle
aspiration lung biopsy. This procedure allows the accurate
intraoperative fluoroscopic localization of the marker with
successful excision of these nodules using VATS techniques.
Using this localization procedure, open thoracotomy was
avoided in the 50% of our patients who were found to have
lesions not requiring therapeutic lobectomy.

The current management of growing small lung nod-
ules or those with suspicious CT findings (spiculated mar-
gins, lobulation, mixed ground glass and solid morphology) is
CT directed percutaneous needle biopsy or surgical excision.
CT-guided fine-needle biopsy of subcentimeter nodules can
be difficult, and the tissue obtained is often nondiagnos-
tic.10–12 Perioperative complications and length of stay are
reduced compared with thoracotomy when these small nod-
ules are excised using an endoscopic stapling device directed
by a video assisted thoracoscope. Small nodules are often
visible with the thoracoscope if they lie within 5 mm of the
visceral pleural surface, but if they are located deeper in the
lung, they need to be palpated to locate them for excision.
Suzuki et al8 found that 54% of 92 patients undergoing video
assisted thoracoscopic surgery required conversion to thora-
cotomy. The most common reason for conversion to full
thoracotomy was failure to locate the nodule. Univariate and
multivariate analysis of eleven nodule variables showed that
if the distance from the pleural surface to the nodule edge was
greater than 5 mm, the failure rate for nodule detection was
63%. Forty percent of these nodules were found to be ma-
lignant. Because of the localization problem at surgery and
the increasing clinical load of small lung nodules found using
CT lung cancer screening, there has been extensive investi-
gation into localization techniques to assist in resecting small
nodules at video assisted thoracoscopy.

Pulmonary localizing techniques have been classified
into 3 types.13 The first uses intraoperative imaging, either
intraoperative ultrasonography14–16 or intraoperative CT.17,18

Localization with intraoperative ultrasound is difficult as the
lung must be completely collapsed to visualize small nodules.
This lengthens the surgery as the complete collapse of the
lung can take between 30 to150 minutes and is often impos-
sible in patients with extensive emphysema. Experience with
real-time CT guidance of thoracoscopic resection is limited
but artifact from instruments and staples degrades the CT
image and the limited space within the scanner gantry makes
surgery difficult.19

The second class of targeting techniques includes per-
cutaneous injection of dyes,20,21 contrast media,22,23 radio-
nuclides,24 or colored adhesive agents.25 Diffusion away
from the nodule is a limitation of these techniques and
imposes restrictions on the allowable time between the CT
localization procedure and thoracoscopic resection. This can
cause difficulties in operating room scheduling. Also, dyes

such as methylene blue carry a possible risk of anaphylactic
reactions following injection20 and are often difficult to
visualize on the visceral pleural surface in patients with
extensive anthracotic pigmentation of the lungs. Radio-
graphic contrast media (Lipiodol, barium)22,23 can also rap-
idly diffuse away from the nodule and into the pulmonary
lymphatics. Because these materials are not water-soluble
they carry potential risk of stroke if they gain access to the
pulmonary veins.

The third class of targeting techniques uses percutane-
ous hook wire26–31 or wire coil placement.28,32,33 Percutane-
ous localization using a mammographic needle and hook wire
is one of the most common methods used.26 However, a high
incidence of preoperative wire dislodgement with associated
pneumothorax, intrapulmonary hemorrhage and pleural pain
have been reported with this technique.28,30,34 All hook wires
cause visible tearing and damage if dislodged35 and may
cause massive air embolism.36 Variations of the technique
using both short hook wires13 and short platinum microcoils32

attached to sutures have been reported.
The 0.018-inch microcoils used in this study are soft

and pliable and cause little damage to lung tissue, even when
dislodged. Gagliano et al35 compared microcoil and hook
wires for localization in ex vivo goat lungs. They reported
that when a microcoil is displaced, it uncoils causing minimal
tissue damage. In addition, the “fuzzy” fiber coating on these
microcoils induces coagulation and increases the adhesion of
the coil to the lung tissue. The coiled configuration and fiber
coating virtually eliminates the risk of embolization.

The data from the current study suggest that CT-guided
microcoil localization results in a similar complication profile
and rate as has been reported for CT-guided, fine-needle,
aspiration biopsy.37–39 The 1 patient requiring insertion of a
chest tube had in fact suffered a pneumothorax during a
previous attempt at fine-needle aspiration biopsy, secondary
to significant, underlying emphysema. The 1 patient with a
small hemothorax was asymptomatic and the hemothorax
was only visible at thoracoscopy. A review of the CT images
and the 3-dimensional reconstruction images indicated that
the deepest part of the microcoil was successfully deployed to
within 10 mm of the lesion in 11 of 12 patients and the most
superficial part of the coil was deployed on the visceral pleura
in 9 of 12 patients. VATS resection of the nodules was
successful in all patients. There were no intraoperative com-
plications during the wedge resection. We note that care must
be taken during initial deflation of the lung, at thoracoscopy,
to ensure that the superficial end of the coil is not retained in
the chest wall. If chest wall placement occurs, the pleural end
of the coil is removed from the chest wall via thoracoscopy to
avoid any subsequent dislodgement of the microcoil from
lung tissue.

A definitive diagnosis was made in all 12 patients. The
management of 5 patients who had undergone routine preop-
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erative investigations was changed after resection of the
nodule. Three patients with malignant nodules had previous
negative percutaneous CT-guided, fine-needle, aspiration bi-
opsy or negative PET scans. Two patients with benign nod-
ules had positive PET scans preoperatively. The 2 patients
with small adenocarcinomas showing histologic features of
well differentiated bronchoalveolar cell cancer were treated
with wedge resection alone because these tumors have a
propensity to develop future multifocal lesions. Neither of
these patients has shown recurrent disease on follow-up.
Although the gold standard for surgical resection of small
nonsmall cell cancer is lobectomy,40 there is evidence that
complete nonanatomic resections of well differentiated bron-
choalveolar cell cancers have similar survival rates compared
with lobectomy.41

In conclusion, this study suggests that this CT-guided
percutaneous, needle-deployed microcoil system provides a
fast, effective and safe method for localization of small
peripheral lung nodules prior to thoracoscopic wedge resec-
tion. The technique allows simultaneous marking of the
intraparenchymal nodule and the overlying visceral pleural
surface. A randomized trial of this technique is planned to
confirm these preliminary results. We would also like to thank
the British Columbia Lung Association for their support.
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Discussions
DR. ALDEN H. HARKEN (OAKLAND, CALIFORNIA): I want

to compliment Dr. Finley and his group for solving a very
real surgical problem. This is a difficult issue for many
thoracic surgeons, and, as he points out, it is getting tougher
as the imaging strategies get better. In our patients, we are
now turning up nodules that are hard to find surgically. And
I commend you for borrowing from some of our general
surgical colleagues in the breast area and in the tattooing of
the colon to try to find these things.

I have 3 questions. First, the contraindications to the
procedure—you say that a surgeon and a radiologist con-
vened to look at the films prior to this, and you indicate that
in one instance you thought that the lesion was a little close
to one of the pulmonary veins. Are there any other contrain-
dications? Can you detect pleurodesis, preoperative bullous
disease, or other potential technical problems?

The second is, you indicated that in 2 instances the
microcoil pulled out, but in one of those instances you were
able to detect where it had violated the visceral pleura and
that was sufficient for you to identify the nodule. Does that
mean that if you just tattooed the visceral pleura that would
be sufficient?

Next is the preoperative evaluation of these patients
that present with small undiagnosed lung nodules. As you
indicate, this is our problem, you see a little lump and you
have got to figure, is there any solution other than taking that
lump out? And you point out that the fine needle aspirate was
confusing at best in several instances. And many of our
hospitals that have purchased PET scanners are desperate to

find some reason to use the PET scanner. But the 3 of your
patients with cancer had a negative PET scan and 2 of your
patients with benign disease exhibited a positive PET scan.
Would you now suggest that it is irresponsible to get a PET
scan prior to one of these procedures?

Finally, you are now pushing the envelope in the mean
size of these nodules was 1.18 centimeters. If you believe, as
I do, that a regional lymphadenectomy is diagnostic, not
therapeutic, is there any reason to perform a standard ana-
tomic lobectomy for therapy of these patients and would your
wedge resection be sufficient?

Thank you again for solving a very real problem.

DR. RICHARD J. FINLEY (VANCOUVER, BRITISH COLUMBIA,
CANADA): Thank you, Dr. Harkin, for your questions.

With the evolution of thin sliced CT scan, thoracic
surgeons are being asked to take out smaller and smaller
nodules. The body of knowledge for the thoracoscopic exci-
sion of these nodules is also evolving. The major goal is to
carry out the procedure safely and effectively. One patient
was excluded from our study since the pulmonary nodule was
too close to one of the main branches of the pulmonary vein
to safely excise the lesion with a stapler. The radiologists and
thoracic surgeons at the Vancouver General Hospital are
presently mapping out the areas of the lung where these
nodules can be safely excised. The deepest nodule that we
have excised was 54 mm from the visceral pleural surface.
Fortunately, the fissures were developed in this patient allow-
ing resection. We are also looking at pre-operative methods
using the CT scanner to determine whether the fissures are
fused. At the present time, thoracoscopy is the only accurate
way to determine if a fissure is complete or incomplete.

Two patients in our study had the proximal end of the
microcoil deployed in the chest wall. These deployments
were carried out early in our study period. We have learned
to place the proximal end of the microcoil deeper into the
lung in order to avoid dislodgement of the microcoil with
deflation of the lung. One of the proximal ends of the
microcoil was visualized at the time thoracoscopy and care-
fully removed from the chest wall avoiding dislodgement
from the lung. The other patient had the distal end of the
microcoil dislodge from the lung. Fortunately, we were able
to see the puncture site in the lung during thoracoscopy and
to safely remove the nodule using a combination of thora-
coscopy and fluoroscopy.

Non-invasive diagnosis of pulmonary nodules has been
improved with the introduction of CT PET scans. I believe
that we need to keep an open mind about the accuracy of the
PET scan in determining pathology of these undiagnosed
lesions. At the present times, nodules below 15 mm are
difficult to diagnose with PET scan. I believe, we will be
using the CT PET for diagnosis and staging of these nodules
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similar to the sentinel node mapping technique used in the
staging of breast cancer.

At the present time, the Lung Cancer Study Group
paper by Ginsberg and his colleagues showed that lobectomy
is the gold standard for treatment of T1 non-small cell lung
cancers. As we continue to identify smaller lung cancers (less

than 15 mm) a new study needs to be done to exam the
efficacy of segmental or non-anatomical resection versus
lobectomy. The study is supported by evidence from the
Japanese literature that shows equivalent survival with wedge
resection versus lobectomy for bronchoalveolar cell cancers.

Thank you.
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