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Table 4. Stepwise regression analysis

Dependent variable Independent variable  Intercept p value
) VPS-R  0POD EA 1.409 0.0033
1 POD EA 1.000 0.0462
2POD - 0.543 -
VPS-M- 0POD EA, ASA 2.269 <0.0001
1 POD EA 1.500 <0.0001
2P0OD EA, DOS 1.035 0.0017

VPS-R, verbal pain score at rest; VPS-M, verbal pain score on
movement; POD, postoperative day; EA, epidural anesthesia; ASA, risk
grade according to criteria set down by American Society of
Anesthesiology; DOS, duration of surgery.

Table 5. Postoperative complication and side effect of EA

Complication EA group NEA group
Nausea/vomiting* 7 1
Pruritus 4 0
Vertigo T 0
Air leakage (>7 POD) 0 1

POD; postoperative day; EA, epidural anesthesia; NEA, .
non-EA; *, p<0.05.

(NSAIDs}),.etc. It-is important:to find the best effect of

each: analgesic technique. Intravenous injection of nar- -

cotics is usually used for perioperative analgesia. How-
ever, we did'not use intravenous narcotics in:this study,
because this. would have made it difficult-to assess the:
effect of EA. due to the'strong and long-lasting analgesic
effect of narcotics.

Our first hypothesis.was' that there.-would be no need:

to use EA after VATS, because patients who undergo
VATS suffer minimal postoperative pain. However, this
study showed that patients in the EA group had less post-
operative pain and needed less additional analgesics than
those of the NEA: group in the early postoperative period.

While VAS evaluates global pain, VPS-R-and’ VPS-M

evaluate pain at rest and on movement; respectively. The-
incidences of pain:between the 2 groups-evaluated by VAS,
VPSR and'VPS-M were significant at 0-POD, from:0-to
1: POD; and from: 0 to 2 POD, respectively. From.these .

operative pain:until. I POD, although: other kinds of anal-

gesics, such as NSAIDs, wouldbe sufficient from 2 POD.. -
It is notable that EA was effective for pain on:movement: .
from O'to 2’ POD. Controling pain:onmovement:will im- - |

prove-the ability to deep breathe, cough and walk to:pre-

-~ - vent atelectasis: and: pneumonia. Using meta-analysis, -
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Block et al. demonstrated that EA provided better post-
operative analgesia than.parenteral opioids during the
early postoperative period, but not at the 4 POD.'® Our
study obtained similar results in that EA was effective
until 1 POD, but that NSAIDs could control postoperaive
pain:from 2 POD. Nomori et al. stated that prolonged
thoracic EA after limited thoracotomy significantly in-

- creased the severity of pain after withdrawal.' These

studies demonstrated:that EA should be withdrawn as
soon as NSAIDs control-postoperative pain.
Several complications-of EA have been reported, such

‘as nausea, vomiting, hypotension, pruritus and technical
- complications.'® In-this study, the patients in the EA group

suffered nausea.or vomiting more frequently than those
inthe NEA group. As all:patients who complained of nau-
sea:or vomiting were over 60 years old, we consider it
advisable to discontinue EA from 2 POD, especially in

- - elderly patients.

In conclusion, results suggest that EA is recommended
until: 1 POD after VATS; and-other kinds of analgesics
shouid be employed from 2 POD. However, in patients
who complain of side effects-due to EA, such as nausea

:-or vomiting, especially in elderly patients, EA should be

discontinued within one day after surgery. Although de-

. velopments have been made recently in VATS, the opti-
-mal postoperative analgesic methods have been:contro-
" versial: We hope this study will help VATS surgeons to
- decide the optimal postoperative analgesic method.
results, we believe that EA is effective forcontrobof post-. .
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Usefulness and complications of computed
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Objective: Several techniques have been reported for the localization of small
pulmonary nodules in thoracoscopic resection. In the present study we examined the
usefulness and complications of computed tomography-guided lipiodol marking for
thoracoscopic resection in our experience of 174 nodules.

Methods: Computed tomography-guided lipiodol marking was performed on 174
nodules less than 30 mm in size. Of these nodules, 45 showed ground-glass opacity
images and 129 showed solid images on computed tomography. The mean size of
the nodules was 10 = 6 mm (range, 2-30 mm), and their mean depth from the
pleural surface was 10 £ 7 mm (range, 0-30 mm). One to 7 days before thoracos-
copy, all of the nodules were marked with 0.4 to 0.5 mL of lipiodol by using
computed tomography. The marked nodules were grasped with a ring-shaped
forceps during fluoroscopy and resected by means of thoracoscopy.

Results: All the nodules could be marked and localized by means of fluoroscopy as
a clear spot during thoracoscopic surgery. Complications of the marking were chest
pain requiring analgesia in 16 (11%) patients, hemosputum in 11 (6%) patients,
pneumothorax in 30 (17%) patients, and hemopneumothorax in 1 (0.6%) patient.
Eleven (6%) patients with pneumothorax required drainage, and the patient with
hemopneumothorax required an emergency operation. No other complications were
observed.

Conclusion: Lipiodol marking is a useful, safe, and inexpensive procedure for local-
izing ground-glass opacity lesions, small pulmonary nodules, or both for thoracoscopic
resection.

resolution computed tomography (CT).' Performing a percutaneous or

transbronchial biopsy for small pulmonary nodules is often difficult, and
hence thoracoscopic surgical techniques have been used in diagnostic excisional
biopsies, as well as in therapeutic resection. However, a major factor that limits the
success of thoracoscopic resection in the case of small or deeply situated pulmonary
nodules is the difficulty in localizing the target nodule because of the lack of digital
palpation. Furthermore, a bronchioloalveolar carcinoma with a ground-glass opacity
(GGO) finding on CT cannot be palpated or visualized frequently, even in the case
of lesions that are located just beneath the visceral pleura. Therefore several
techniques have been reported for localization of such small nodules or GGO
lesions.>'® However, these techniques can result in complications, such as pneu-

Recently, small pulmonary nodules have been frequently detected with high-

» mothorax, hemorrhage, and air embolism. Since 1999, we have used CT-guided
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Abbreviations and Acronyms
CT = computed tomography
GGO = ground-glass opacity
TTNA = transthoracic needle aspiration

lipiodol marking for the thoracoscopic resection of such
lesions. The purpose of our study is to examine the useful-
ness and safety of this procedure.

Materials and Methods

Eligibility

The CT-guided lipiodol marking was approved by the ethics
committee of Saiseikai Central Hospital in January 1999. Written
informed consent was obtained from all patients after they dis-
cussed the risks and benefits of the procedure with the surgeons.
The nodules that were thought to be difficult to localize during
thoracoscopy, such as GGO lesions, nodules situated at a consid-
erable depth from the pleural surface, and nodules smaller than
1 cm, were candidates for this procedure. The following nodules were
excluded: (1) nodules larger than 30 mm in size; (2) nodules located
within the inner two third of the lung; and (3) solid nodules that were

larger than 10 mm in size and located within 10 mm from the pleural
surface.

Patients

Between January 1999 and June 2005, CT-guided lipiodol marking
was performed on 174 pulmonary nodules in 150 patients. The
mean age of the patients was 62 * 11 years (range, 35-84 years).
Table 1 shows the characteristics of the nodules. The mean size of
the nodules was 10 = 6 mm (range, 2-30 mm). Their mean distance
from the pleural surface was [0 = 7 mm (range, 0-30 mam). There
were 45 GGO lesions and 129 solid lesions. All the nodules were
detected with chest CT; however, they could not be detected
clearly with chest roentgenograms.

Marking Technique

The procedure used for marking was as follows. After 0.5 mg of
atropine and 15 mg of pentazocine was injected, the patients were
placed on the CT table in a suitable position (supine or prone). A
scaled paper with metal wires was placed firmly on the patient, and
the CT scan was performed. The shortest distance from the nodule
to the thoracic wall was selected as the injection site (Figure 1, A).
The site for marker injection was marked on the skin, and the angle
and depth of the needle required to reach the nodule were determined.
After local anesthesia was administered to the thoracic wall, a 22- or
23-gauge needle was introduced from the point marked on the skin to
the nodule, in keeping with the angle and depth measured. The
syringe was withdrawn to confirm that no blood had flowed back-
ward, and 0.4 to 0.5 mL of lipiodol (Lipiodol Ultrafluid; Laboratoire
Guerbet, Aulnay-Sous-Bois, France), which is generally used as a
contrast medium for lymphatic vessels, was then injected in a single
shot. The presence of the injected materials was confirmed by means
of CT after the marking (Figure [, B). Thoracoscopic surgery was
performed 1 to 7 days (mean, 1.7 = 1.1 days) after marking.

TABLE 1. Characteristics of the nodules

Mean size, mm {range) 10 + 6 (2-30)
Mean distance from the pleura, mm (range} 10 = 7 (0-30)
Location
Right upper lobe 42
Right middie lobe 21
Right lower [obe 37
Left upper lobe 34
Left lower lobe 40
CT findings
Ground-glass opacity 45
Solid 129

CT, Computed tomography.

Thoracoscopic Resection Technique

Thoracoscopy was performed during one-lung anesthesia by using
a double-lumen tube. A C-arm—shaped fluoroscopic unit was used
to detect the radiopaque nodules, and the radiopaque nodule was
grasped with a ring-shaped forceps during fluoroscopy in muitiple
projections (Figure 1, C). The forceps was then moved in several
directions to confirm that the nodule was grasped within a ring of
the forceps. The grasped nodule was resected with an endostapler.
The resected specimens were removed with a surgical bag. Suc-
cessive resection of the nodules was confirmed by viewing the
radiopaque nodule within the resected specimen during fluoros-
copy. The nodules were histologically diagnosed by means of
routine intraoperative pathologic examination, with the exception
of the GGO lesions that were less than 10 mm in size; these were
histologically diagnosed by a permanent section.

Results _

All the nodules could be marked with lipiodol on the CT
images. Even when the lipiodol could not mark within the
nodules, it marked within 10 mm from the nodules, which
caused no difficulty in their localization. All the nodules
were successfully localized and resected during thoracos-
copy without conversion to open thoracotomy. Even a nod-
ule that was marked 7 days before the thoracoscopy could
be detected during fluoroscopy as a clear spot. Of the 174
nodules, 107 (61%) were diagnosed as malignant, and 67
(39%) were diagnosed as benign (Table 2). For the 81
patients with primary lurig cancers, 48 were followed with
thoracoscopic lobectomy, and 10 were followed with tho-
racoscopic segmentectomy. The other 23 patients did not
undergo the additional resection because of bronchioloal-
veolar cell carcinoma of the intraoperative frozen section,
poor risk of the patients, or both. All of the surgical margins
in patients treated with thoracoscopic wedge resection showed
no malignancy.

Table 3 shows the complications accompanying lipiodol
marking. Sixteen (11%) patients had chest pain that required
analgesia. Eleven (6%) patients had a little hemosputum.
Thirty (17%) patients had pneumothorax, and 11 (6%) of
these patients required drainage. One (0.6%) patient had
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TABLE 2. Pathologic diagnosis of the nodules
Malignant (n = 107}

Primary lung cancer 81
Metastatic lung cancer 26
Benign (n = 67)
Tuberculosis 36
0ld inflammation 1
Pulmonary lymphoid tissue 9
Atypical adenomatous hyperplasia 8
Hamartoma 3

hemopneumothorax caused by peeling off of the pleural
adhesion, including blood vessels.

One patient had bilateral pulmonary nodules, both of
which were marked by lipiodol; the patient was given a
diagnosis of metastatic colon cancer by means of an ipsi-
lateral thoracoscopy. Therefore the marked contralateral
nodule was followed by CT, which had been marked by
lipiodol for 3 months.

Discussion

Several methods have been reported for the localization of
small pulmonary nodules. These include the hook-wire
technique,®” endoscopic ultrasonography,®® barium mark-
ing through bronchoscopy,'®!! and percutaneous injections
of dyes,'**3 colored collagen,'* lipiodol,'>!® agar,'” and
barium.'® The original dye method, because of rapid diffu-
sion around the lung tissue after injection, has the following
drawbacks: (1) the marking must be performed within 3
hours before the thoracoscopy to enable dye detection, and
therefore both CT and the operating room must be used
simultaneously, and (2) the injection site appears blurred
because of the diffusion. With the agar marking procedure,
it is difficult to localize a deeply situated nodule because the
palpation of the marked nodules is requisite. The ultrasound
technique requires complete collapse of the lung, which is
often impossible in patients with emphysema, resulting in a
failure rate of 40% in localizing the nodules.” The hook-
wire technique has been recently reported to cause massive
air embolism,*®*** which led to its prohibition in Japan.
Barium marking with a CT-guided bronchoscopy is com-
plicated because it requires simultaneous use of bronchos-
copy and CT, and marking one nodule with this procedure

Figure 1. A, Computed tomographic (CT) scan showing a nodule
with ground-glass opacity {GG0) in the left lower lobe. *The
shortest distance from the nodule to the thoracic wall was
selected as the injection site. The several lines on the chest wall
reveal the metal wires of scaled-paper. (B} CT showing the tumor
marked with lipiedol. C, Intraoperative fluoroscopic imaging
showing the radiopaque nodule grasped within a ring-shaped
forceps. The nodule is indicated with an arrow.
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Table 3. Complications of lipiodol marking

No. of patients (%)

Chest pain requiring analgesia 16 (11}

Hemosputum 11 (6)
Pneumothorax 30 (17)
No treatment 19 {11)
Drainage 11 (6)
Hemopneumothorax 1(0.6)

requires approximately 30 minutes (range, 15-60 min-
utes).'! In addition, barium itself can be seen as a lesion in
hematoxylin and eosin—stained sections and also can cause
an inflammatory change of the lung tissue, which might
make a histologic diagnosis difficult.

We previously marked a nodule with lipiodol and the
pleural surface with colored collagen; this enabled a com-
paratively easier localization of the nodules than when only
lipiodol was used.'® However, 1 mL of collagen costs
approximately $80.00. Therefore since March 2002, we
started using only lipiodol to mark pulmonary nodules.
Thus without using colored collagen, the nodules marked
with lipiodol could be localized during fluoroscopy without
great difficulty, resulting in a success rate of 100% for
thoracoscopic biopsy. The marking procedure with lipiodol
has the following advantages: (1) overresection of the nor-
mal lung tissue around the nodules was prevented because
lipiodol marked the nodules as clear spots that were less
than 1 cm in size during fluoroscopy; (2) the lipiodol re-
mained for a long time, up to 3 months after the marking,
which solves the problem of requiring both CT and the
operating room simultaneously; (3) although the barium
marking procedure affects pathologic findings caused by the
inflammatory response and barium itself, lipiodel did not
affect the pathologic findings; and (4) even in the case of
deeply situated nodules (ie, up to 30 mm from the pleural
surface in the present study), the lipiodol marking could
easily localize the nodules as a clear spot because it diffused
only to a small extent.

Transthoracic needle aspiration (TTNA) is also effective
in the diagnosis of pulmonary nodules.**?® Although
TTNA has been reported to have a false-negative rate of 3%
to 11%,** Layfield and colleagues® reported that its diag-
nostic accuracy decreased to 60% for lesions smaller than
10 mm. Kashiwabara and associates®® reported that the
positive diagnostic rate for nonmalignant lesions by using
TTNA was only 56%. All the nodules in the present study
were GGO lesions or small nodules deeply situated within
the lung, which were not only difficult to diagnose with
TTNA but also difficult to locate by means of thoracoscopic
inspection without marking. We therefore believe that GGO
lesions or small nodules that are deeply situated should be

diagnosed by means of thoracoscopic biopsy with preoper-
ative marking.

Although the complications of lipiodol marking included
temporary pain, a little hemosputum, pneumothorax, and
hemopneumothorax, all of them arose because of the inser-
tion of the needle into the lung and not because of the
lipiodol itself. Although we did not encounter air embolism
during the lipiodol marking, the frequency of massive air
embolism during percutaneous needle insertion into the
lung has been reported to be 0.02% to 0.07%.%' There have
been reports of 6 patients who experienced a massive air
embolism during percutaneous marking procedures.'®?* In
5 of the 6 patients, it was caused by the hook-wire technique
and in 1 patient by the needle-marker procedure. The mas-
sive air embolisms could have occurred because of simul-
taneous injury of the bronchiole and the adjacent pulmonary
vein.”? Because all 6 patients with massive air embolism
had nodules in the lower lobe, we believe that the lung
tissue of the lower lobe could be injured more easily by the
hook wire or needle marker than that of upper lobe because
the former moves more with respiration during insertion of
these apparatuses than the latter. Therefore we usually inject
lipiodol immediately after needle insertion without confirm-
ing the location of the needle tip by means of CT scanning,
enabling the time of placing the needle in the lung tissue to
be less than 10 seconds, which could decrease the lung
damage caused by the needle.

Lipiodol itself poses a potential risk of embolism be-
cause it is water insoluble. We therefore take the following
precautions: (1) before injection of lipiodol, the syringe is
withdrawn to confirm that blood has not flowed backward,
and (2) a minimum amount of lipiodol, up to 0.5 mL, is
injected.

Although the lipiodol marking procedure showed some
complications caused by the needle insertion, they were not
of a serious nature. Because it is a simple, safe, and inex-
pensive method for localizing GGO lesions, small and
deeply situated pulmonary nodules, or both, we believe that
lipiodol marking is one of the gold standard procedures for
localization of these nodules during thoracoscopy.
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Case
Report

Kissing Pleural Metastases from Metastatic
Osteosarcoma of the Lung

Takeshi Mori, MD, Masakazu Yoshioka, MD, Kazunori Iwatani, MD,
Hironori Kobayashi, MD, Kentaro Yoshimoto, MD, and Hiroaki Nomori, MD, PhD

Two patients with osteosarcoma lung metastases of which migrated to the parietal pleura due to
contact are reported. The first patient was a 16-year-old male who had a pleural metastasis in
the diaphragm within an area in contact with a single lung metastasis. Both of the tumors were
resected, followed by systemic chemotherapy. Nine months after the resection of the first me-
tastases, two other lung metastases were found which were resected after chemotherapy. The
patient is alive without recurrence 84 months after the first resection of the metastases. The
second patient was an 11-year-old female with a pleural metastasis of osteosarcoma which was
within an area in contact with a single lung metastasis, which had been resected 4 months be-
fore. We concluded (1) that a lung metastasis of osteosarcoma occasionally metastasizes to the
pleura due to contact; and (2) that because this kissing metastases of osteosarcoma could be
cured by a complete resection, the intrathoracic cavity should be thoroughly observed. (Ann

Thorac Cardiovase Surg 2006; 12: 129--32)

Key words: metastasectomy, lung, pleura

Introduction

The lung is the most popular metastatic site of osteosar-
coma. Jeffree et al. reported that osteosarcoma metasta-
sized to the lung in over 90% of patients who died of
osteosarcoma.” According to the Japan Autopsy Annual
Database, 643 patients died of osteosarcoma between
1981 and 2002 in Japan.? Of the 643 patients, 78 (12.1%)
had pleural metastases. We present two patients with
metastases of parietal pleura which probably originated
from a lung metastasis contacting the pleura, namely
‘kissing metastases’.

Case Report

Case 1
A 16-year-old male with femoral osteosarcoma received
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preoperative chemotherapy with cisplatin (CDDP) and
doxorubicin (DXR), followed by an extended resection
of the right femur and reconstruction in July 1997. Adju-
vant chemotherapy with CDDP and cyclophosphamide
(CPA) was continued for a total of 10 courses until June
1998. In September 1998, a single lung metastasis in the
right lower lobe was found with computed tomography
(CT) (Fig. 1). A needle biopsy was not performed. Tho-
racoscopy showed that a lung metastasis was located in
the right lower lobe, and that it was exposed on the sur-
face of the visceral pleura. Additionally, a solitary pleu-
ral tumor, 3 mm in size, was found on the diaphragm
(Fig. 2). Although these two tumors were separated from
each other, the pleural tumor was in an area that was in
contact with the pulmonary tumor during ordinary lung
expansion in ventilation. Both the lung and pleural tu-
mors were resected. Pathological examination showed that
both of the tumors were metastatic osteosarcoma, and that
they were covered with a fibrous capsule but not with
mesothelial epithelium. Adjuvant chemotherapy with
ifosfamide (IFO) and DXR was administered after the
first metastasectomy. In July of 1999, two additional lung
metastases were detected by CT in the right upper and
middle lobes. After chemotherapy with CPA, both me-
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tastases were resected via thoracoscopy, but there were

"no pleural tumors at that time. Eighty one months after
the first resection of metastases, the patient is alive and
has not had a recurrence.

Case 2

An 11-year-old female with femoral osteosarcoma un-
derwent preoperative chemotherapy with CDDP and
DXR, followed by an extended resection of the left fe-
mur and reconstruction in February 2003. Adjuvant che-
motherapy with CDDP and CPA was administered for a
total of 10 courses until January 2004. In October 2004,
a single lung metastasis was found in the right lower lobe

by CT. A needle biopsy was not performed. The thora-:

coscopy showed a lung metastasis which was located in
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Fig. 1. Case 1.
Computed tomography showing a single lung metastasis
(arrow) in the right lower lobe near the pleura.

Fig. 2. Case 1.
The lung metastasis was located in the right lower lobe
and was exposed on the visceral pleura (black arrows).
The pleural metastasis was noted on the diaphragm
" which was in the area in contact with the lung me-
tastasis (white arrows).

the right lower lobe which was exposed on the visceral
pleura. Precise observation of the intrathoracic wall showed
no other tumor on either the parietal or visceral pleura.
The tumor was resected, followed by chemotherapy with
IFO. The pathological diagnosis of the tumor was meta-
static osteosarcoma. In March 2005, a pleural metastasis
was found by CT (Fig. 3). The thoracoscopy showed a
metastasis, 5.3 cm in size, located at the parietal pleura,
within the area which was in contact with the scar of the
first metastasectomy (Fig. 4). The pleural metastasis was
completely resected with intercostals muscle. The patho-
logical examination showed that the tumor was metastatic
osteosarcoma and that it was covered with a fibrous cap-
sule but not by mesothelial epithelium. The patient is now
alive without recurrence 3 months after the last surgery.

Ann Thorac Cardiovasc Surg Vol. 12, No. 2 (2006)
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Fig. 3. Case 2.
Computed tomography of the pleural tumor showing extra-
pleural signs.

A

Fig. 4. Case 2.

A: The metastatic pleural tumor which was exposed on the surface of the lung at first metastasectomy (arrows).
B: The metastatic pleural tumor (black arrows) was located on the parietal pleura in front of the scar (white arrows) of the first

metastasectomy.

Discussion

As far as we have reviewed, pleural metastasis due to
contact with a lung metastasis of osteosarcoma has not
yet been reported. Although the pleural metastases in these
two patients may have been hematogenous, we believe
that both pleural metastases occurred as a result of con-
tact with the previous lung metastases for the following
reasons: (1) Although the lung metastasis and pleural
metastasis were completely separated from each other in

Ann Thorac Cardiovasc Surg Vol. 12, No. 2 (2006)

both of the two patients, the pleural metastases were within
an area in contact with the lung metastasis during ordi-
nary lung expansion in ventilation; and (2) Both the Iung
and pleural metastases in the two patients were covered
with a fibrous capsule but not by mesothelial epithelium;
and (3) After resection of the pleural metastasis, the first
patient has not suffered another pleural metastasis or dis-
semination for over 6 years, which could be explained by
the pleural metastasis originating from contact with the
lung tumor rather than a hematogenous metastasis or a
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dissemination. Although we do not entirely deny the pos-
sibility of a hematogenous metastasis or dissemination,
it can be surmised that the pleural metastasis of osteosa-
rcoma could occasionally originate from a ‘kissing me-
tastases’ to the pleura near the site of the lung metastasis,
as in the present two cases. While patients with lung me-
tastasis from osteosarcoma usually had bloody pleural
effusion, pleural metastasis was rarely found with lung
metastasis of osteosarcoma, which was contrary to lung
metastasis from carcinoma. Although kissing pleural
metastases of osteosarcoma have not been reported be-
fore, Nomori et al. reported a patient with a kissing me-
tastases of a fibrous tumor of the pleura.” We believe that
the kissing metastases could also occur in other kinds of
intrathoracic neoplasms, especially in sarcoma rather than
carcinoma.

Skinner et al. reported that a 5-year survival rate in the
patients with pulmonary metastases of osteosarcoma was
41% after metastasectomy and systemic chemotherapy.¥
Because a kissing pleural metastases of osteosarcoma can

be cured after complete resection, we conclude that the
pleural cavity in contact with the lung metastasis should
be thoroughly observed under a thoracoscopy. Whenever
a metastasizing pleural tumor is found within the area in
contact with the lung metastasis, the lesions and the sur-
rounding pleura should be resected completely, which
could improve the prognosis of patients.
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and carbon-11 (11C) acetate (AC)-PET. Although all three
thymomas were successfully imaged by AC-PET, one of
the thymomas was not imaged by FDG-PET. These
results suggest that AC-PET may have a potentially
important role in the diagnosis of thymoma. This is the
first report of the use of AC-PET for diagnostic imaging
of thymoma.
(Ann Thorac Surg 2006;81:1132-4)
© 2006 by The Society of Thoracic Surgeons

Recently, carbon-11 (11C) acetate (AC)-PET has been
reported to be of clinical value for the diagnosis of
cancers that are not imaged by fluorine-18 fluorodeoxy-
glucose (FDG)-PET, such as prostate cancer and hepato-
cellular carcinoma [1, 2]. Here we describe three cases of
thymoma that were imaged by AC-PET.

Case Reports

Between June and September 2004, 3 patients with thy-
momas underwent whole-body FDG-PET and AC-PET.
The characteristics of the 3 patients are summarized in
Table 1. After obtaining the patients’ informed consent,
AC-PET was performed before FDG-PET on the same
day. The dosage of 11C acetate administered was 125
wCi/kg (4.6 MBg/kg). Positron emission tomographic
imaging was performed approximately 10 minutes after
administration of AC using a POSICAM.HZL mPOWER
(Positron Co, Houston, Texas). The emission scans were
initially obtained in two-dimensional mode for 4 minutes
per bed position and taken from the top of the skull to the
thighs. Approximately 30 minutes after AC-positron
emission tomographic imaging, fluorine-18 FDG was
administered (ie, more than 120 minutes after adminis-
tration of the acetate). The dosage of FDG was 125 nCilkg
(4.6 MBq/kg) for nondiabetic patients and 150 uCifkg (5.6
MBgq/kg) for diabetic patients, as we reported previously
[3]. The FDG-PET scans were performed approximately
45 minutes after administration of FDG. The images were
reconstructed using the emission scans and the preinjec-
tion transmission scans in a 128 X 128 matrix by ordered
subset expectation maximization corresponding to a
pixel size of 4 X 4 mm, with a section spacing of 2.56 mm.

Patient 1

Chest computed tomography (CT) showed a tumor lo-
cated in the anterior mediastinum, measured 3 X 3 cm
(Fig 1A). An AC-positron emission tomographic scan

Table 1. Characteristics of 3 Thymoma Patients
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showed accumulation at the tumor site with a standard-
ized uptake value (SUV) of 3.5 (Fig 1B), although FDG-
PET showed no accumulation with an SUV of 1.0 (Fig 1C).
Thymothymectomy was performed, and histopathologic
examination showed a thymoma (World Health Organi-
zation [WHO] type AB), which had invaded the capsule.

Patient 2

Chest CT showed a tumor measuring 4 X 4 cm located in
the anterior mediastinum (Fig 1D). An 11C-acetate PET
showed accumulation at the tumor site with an SUV of
2.7. (Fig 1E), and FDG-PET also showed accumulation at
the tumor site with an SUV of 5.9 (Fig 1F). Thymothymec-
tomy was performed and histopathologic examination
showed a thymoma (WHO type B1) that had invaded the
capsule.

Patient 3

Chest CT showed a tumor located in the anterior medi-
astinum, measuring 7 X 7 cm (Fig 1G). An AC-PET
showed strong accumulation at the tumor site with an
SUV of 5.9 (Fig 1H), although FDG-PET showed accumu-
lation with an SUV of 3.1 (Fig 1I). Thymothymectomy was
performed, and histopathologic examination showed a
thymoma (WHO type AB) that had invaded the capsule.

Comment

Thymic tumors are the most common tumors arising in
the anterior mediastinum. Clinically the diagnosis of
thymic tumors is performed mainly by morphologic
examinations, such as CT and magnetic resonance imag-
ing (MRI). Although both CT and MRI have also been
reported to be useful for the differential diagnosis of
thymic tumors [4], such diagnosis still remains difficult in
some cases. FDG-PET has been reported to show high
uptake of FDG in thymic cancer, but not in thymoma [5],
probably due to its slow growth [6], and low glucose
uptake. In the present report we have described three
patients of thymomas that were positively imaged by
AC-PET. Acetate has been used as a positron-emitting
tracer for measurement of oxidative metabolism in the
myocardium. The mechanism by which acetate shows
high accumulation in fumor cells is still unknown, al-
though it is considered to differ from that of myocardial
uptake [7, 8]. Several studies have shown that 11C acetate
has higher sensitivity for the detection of prostate cancer
[2] and higher sensitivity and specificity for the diagnosis

Standardized Uptake Value
Acetate Positron  Fluorodeoxyglucose
Emission Positron Emission Tumor size Histologic Subtype
Sex Age Tomography Tomography (cm) TNM (World Health Organization)
Patient1  Male 56 35 1.0 3X3 T2NOMO AB
Patient2 Male 35 2.7 5.9 4X4 T2NOMO Bl
Patient 3  Female 65 5.9 3.1 7 X7

T2NOMO AB
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Fig 1. Acetate-positron emission tomography
(AC-PET), fluorodeoxyglicose-positron emis-
sion tomography (FDG-PET), and computed
tomography (CT) in 3 thymoma patients. All
3 thymomas were successfully imaged by AC-
PET (A, D, G). By FDG-PET, 2 patients were Patient 1
imaged (E, H), but one was not imaged (B).
Chest CT showed anterior mediastinal tumors
(C, E D

Patientlz

| Patient3

of well-differentiated hepatocellular carcinoma than
FDG-PET [1]. Higashi and colleagues [8] described a case
of bronchioloalveolar carcinoma in which FDG-PET
showed lower uptake than the AC-PET did, suggesting
that acetate might accumulate in slow-growing tumors.

We have demonstrated that three patients of thymoma
were positively imaged by AC-PET despite showing
different results with FDG-PET. Our findings suggest
that AC-PET may have a potentially important role in the
diagnosis of thymoma, as is the case for other slow-
growing tumors such as prostate cancer and bronchi-
oloalveolar carcinoma.
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Objective: A gamma probe can identify sentinel nodes before nodal dissection in the
mediastinum but not in the hilum owing to high radioactivity from primary tamors.
We evaluated the utility of fused single photon emission computed tomography/
computed tomography (SPECT/CT) images for the identification of sentinel nodes
in the hilum for patients with clinical stage Ia non—small cell lung cancer.

Methods: Technetium-99m tin colloid was injected into the peritumoral region
approximately 18 hours before surgery in 63 patients with clinical stage Ia non—
small cell lung cancer. On the morning of the operation, approximately 16 hours
after administration of tin colloid, sentinel nodes were identified by fused SPECT/
CT; this was followed by intraoperative sentinel node identification in the dissected
lymph nodes by gamma probe. Because the gamma probe is a standard method for
sentinel node identification, the sensitivity of fused SPECT/CT images was exam-
ined on the basis of the data of the gamma probe.

Results: Fused SPECT/CT images could identify sentinel nodes at segmental and
lobar lymph nodes with a sensitivity of 0.87 and 0.74, both of which were
significantly higher than 0.40 in the mediastinum (P < .001 and P = .012,
respectively). In 5 patients with pathologic N1 or N2 disease, both SPECT/CT and
the gamma probe could identify sentinel nodes with metastases.

Gonclusions: SPECT/CT could identify sentinel nodes of the hilum especially in
segmental and lobar lymph nodes but not in the mediastinum. Because the gamma
probe can identify sentinel nodes before nodal dissection in the mediastinum but not
in the hilum, a combination of SPECT/CT and the gamma probe can be used to
identify sentinel nodes before nodal dissection in both the hilum and the mediasti-
num, which will enable sentinel node navigation surgery in non—small cell lung
cancer.

to be more selective in performing a formal lymph node dissection in
melanoma, breast cancer, and gastrointestinal cancers.'”> However, the
gamma probe method in lung cancer surgery cannot identify SNs before lymph node
dissection in the hilum owing to high radioactivity from primary tumors.*> There-
fore, previously reported SN identifications with the gamma probe method in lung

S entinel lymph node (SN) sampling with a gamma probe has allowed surgeons

cancer surgery have been based on radioactivity measured in the dissected lymph »

nodes,”> !9 which cannot be used to guide lymph node dissection or sampling. This
difficulty with the gamma probe method makes it difficult for SN navigation surgery
to be of practical use in non—small cell lung cancer (NSCLC).

Planar scintigram with a radioactive colloid has also been used to identify SNs,
especially in melanoma of the head and neck.'*"'3 However, in lung cancer surgery,
localization of nodal stations by planar scintigram is difficult because SNs cannot
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Abbreviations and Acronyms

CT = computed tomography
NSCLC = non-small cell lung cancer
SN . = sentinel lymph node

SPECT = single photon emission computed tomography
9mTe = technetium-99m

readily be discriminated owing to the lack of tomography
images. In 2002, we installed a combined single photon
emission computed tomography/computed tomography (SPECT/
CT) system that is composed of a gantry-free gamma cam-
era and an 8-row multidetector CT. So that we can avoid
positional differences between the SPECT and CT studies,
imaging is performed on the same platform, which makes
fusion of SPECT and high-performance CT images possi-
ble. Because the SPECT/CT system has enabled us to iden-
tify SNs on the basis of the fusion images, without the
adverse effect of overlapping radioactivity from the primary
site, it allows preoperative SN localization in relation to
nearby anatornic structures, which enables an intraoperative
SN biopsy to be easy and accurate. We* previously iden-
tified SNs in 35 patients with melanoma by the SPECT/CT
system; -the identification rate was 100%.'* The present
study evaluated the usefulness of fused SPECT/CT images,
compared with the gamma probe, for SN identification in
lung cancer surgery.

Patients and Methods

Patient Eligibility

This study of SN identification in patients with clinical stage Ta
NSCLC was approved by the ethical committee of the Graduate
School of Medical Sciences, Kumamoto University, in March
2005. Clinical staging was performed by body CT, brain magnetic
resonance imaging, and positron emission tomography. Informed
consent was obtained from all patients after a discussion with the
surgeons regarding the risks and benefits. Eligible patients had
clinical stage Ia peripheral type NSCLC and were candidates for
lobectomy or segmentectomy with mediastinal lymph node dis-
section. The patients without preoperative histologic diagnosis of
tumors were excluded. The lobectomy with mediastinal lymph
node dissection was performed via thoracoscopy, as described
before.'® Segmentectomy with hilar and mediastinal lymph node
dissection was performed via open thoracotomy, as described
before.’® All of the lymph nodes at the hilum were dissected
during segmentectomy with taping of the vessels and bronchus.

Lymph Node Nomenclature .
The lymph node nomenclature used was based on the original
lymph node map for lung cancer.’

Administration of Radioactive Colloid
Administration of the radioactive colloid was based on the method
reported previously.*> In the SPECT/CT room, approximately 18

hours before the operation, 6 to 8 mCi of technetium-99m (°*™Tc)
tin colloid suspended in a volume of 1 to 1.5 mL was injected into
the peritumoral region.

SPECT/CT System

On the momning of the operation, approximately 16 hours after
administration of the *™Tc tin colloid, SNs were identified by the
SPECT/CT system. This system was composed of a commercially
available gantry-free SPECT with dual-head detectors (Skylight;
ADAC Laboratories, Milpitas, Calif) and an 8 multidetector-row
CT scanner (Light-Speed Ultra Instrument; General Electric, Mil-
wankee, Wis). The two instruments were juxtaposed so that the CT
table bearing the patient could be moved directly into the SPECT
scanner before’ CT scanning. As a result, each patient was identi-
cally positioned for SPECT and CT imaging.

SPECT data acquisition was performed with a vertex general-
purpose parallel-hole (VXGP) collimator. A 360 SPECT scan was
acquired and was followed by CT scanning. Reconstructive CT
images were processed into Digital Imaging and Communications
in Medicine (DICOM) data and then transferred to Pegasys
(ADAC Laboratories, Milpitas, Calif), which is a workstation for
SPECT processing. One lumen of a 3-way stopcock (inner diam-
eter 4 mm, length 10 mm) containing an aqueous solution of **™Tc
tin colloid and a contrast medium was used as an external fiducial
marker. So that a precise record of both images could be obtained,
external fiducial markers were fixed to the common platform for
SPECT and CT imaging. The two scans were performed sequen-
tially. Fusion of the SPECT images with the CT images was
manually performed by aligning the external fiducial markers of
the two images on the workstation, enabling localization of SN on
CT images (Figure 1). An SN was visually identified on the
SPECT/CT images by two experienced radiologists before surgery
(S.S. and K.KX).

Gamma Probe Method

The radioactivity of the dissected lymph nodes was determined by
a handheld gamma probe (Navigator; Auto Suture Japan, Tokyo,
Japan), as reported previously.*® An SN was defined as any node
for which the radioactivity count was 10 times that of the back-
ground level.

Pathologic Examination

SNs were examined by intraoperative frozen section analysis using
2- to 3-mm thick sections. The dissected lymph nodes were ex-
amined histologically by use of formalin-fixed and paraffin-
embedded sections with hematoxylin and eosin staining.

Statistical Analysis

Because the use of a gamma probe to measure radioactivity of
dissected lymph nodes is now a standard method for SN identifi-
cation, the sensitivity of SPECT/CT was examined on the basis of
data gathered with the gamma probe, which was calculated as true
positive/true positive + false negative. All data were analyzed for
statistical significance by the y* test. All values in the text and
tables are given as mean * standard deviation.
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Figure 1. Fused SPEGT/CT images in lung cancer of the left upper
lobe. A, Primary tumor. B, Radiolabeled lymph node {segmental
nodal station) can be detected (arrow).

Results

From April 2005 to September 2006, 79 patients with clin-
ical stage Ia peripheral NSCLC underwent surgery at the
Department of Thoracic Surgery of Kumamoto University
Hospital. Of these, 16 patients could not be enrolled in this
study because of the following reasons: (1) Preoperative
histologic diagnosis was not obtained in 5 patients; (2)
SPECT/CT could not be used because of the other exami-
nations in 10 patients; and (3) one patient refused to partic-
ipate in the study. As a result, 63 consecutive patients were
enrolled in this study. The gamma probe identified SNs in
49 (78%) of the 63 patients, whose pathologic N stages were
NO in 44, N1 in 2, and N2 in 3 (Table 1). SPECT/CT could
identify SNs in 39 (62%) patients, whose pathologic N
stages were NO in 34, N1 in 2, and N2 in 3 (Table 2). The
SN identification rate by SPECT/CT imaging was lower
than that achieved by the gamma probe with marginal

significance (P = .052). The mean number of SNs identified -

by the gamma probe in the 48 patients was 1.6 = 0.8 (range:
1-4); the value obtained by SPECT/CT in the 38 patients
was 1.5 + 0.6 (range: 1-3). However, there was no signif-
icant difference between the two methods in this respect.

TABLE 1. Patient characteristics of SN identification by
gamma probe

Sentinel nodes by gamma
prohe

ldentified Not identified
Age {y)
Mean = SD 68 £7 74 = 8%
Range 53-81 65-82
Sex (No.)

Male 25 10
Female 24 4
Mean tumor size (mm) 197 24 = 8t

Tumor location (No.)
Right upper lobe 13 3
Right middle lobe 2 1
Right lower lobe 8 3
Left upper lobe 17 5
Left lower lobe 9 2
Histologic type (No.)
Adenocarcinoma a4 8
Squamous cell carcinoma 3 6
Adenosquamous carcinoma 1 0
Small cell carcinoma 1 0
Operative procedure (No.)
Lobectomy 7 4
Segmentectomy 42 10
p-TNM (No.}
T1 NO MO 43 13
T2 NO MO i 1
T1 N1 Mo 2 0
T1 N2 M0 3 0
Total 49 14

SN, Sentinel node. *P = .01; 1P = .024.

Between the 49 patients with identifiable SNs and the 14
without by gamma probe, the mean age was younger and the
mean tumor size was smaller in the former than in the latter,
with significance (P = .01 and .024, respectively). How-
ever, there were no significant differences of other variables
between patients with identifiable SNs and those without
when both the gamma probe and SPECT/CT were used.
Tumors in 2 patients were pathologically classified as T2:
one tumor was involved over the pleura and the other one
was larger than 3 cm in the permanent section. Although 2
patients needed tube drainage because of pneumothorax
after the injection of the isotope, there were no other
complications.

Table 3 shows the correlation between SPECT/CT im-
aging and the gamma probe method for SN identification at
each nodal station of the hilum and mediastinum in the 49
patients whose SNs were identified by gamma probe. In the
Iymph node stations at the hilum, the gamma probe and
SPECT/CT corresponded with each other in 46 (94%) pa-
tients at nodal station No. 10, 46 (94%) at No. 11, 42 (86%)

The Journal of Thoracic and Cardiovascular Surgery « Volume &8, Number 8 3

87
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
20
91
92
93
o4
05
o6
97
938
99

100
101
102
103
104
105
3 106
107
108
109
110
111
112
113
114
115



tapraid3/z42-mtc/z42-mtc/z4200907/2423394d07z | BarliebK | S=1 | 3/15/07 | 17:32 | Art: 3394 | |

General Thoracic Surgery

Nomori et al

o
/

pra

at No. 12, and 39 (80%) at No. 13. In the msdiastinum of the
right lung, the gamma probe and SPEC’P/CT corresponded
with each other in 21 (91%) patients af ‘nodal station No. 3 3,
in 22 (96%) at No. 4, and in' 22 (&%) at No. 7. In the
mediastinam of the left Iung, the gamma probe and
SPECT/CT corresponded with each other in 26 (100%)
patients at nodal station No. 4, in 22 (85%) at No. 5, and in
22 (85%) at No. 7. SNs were not identified at the other
mediastinal nodal stations, that is, Nos. 1, 2, 8, and 9, using
both methods.

The sensitivity of SPECT/CT based on Table 3 was 0.82
at nodal station No. 13, 0.74 at No. 12, 0.63 at No. 11, 0.40
at No. 10, and 0.31 at the mediastinal nodal stations (Figure 2).
The sensitivity of SPECT/CT decreased numerically from
nodal station No. 13 to No. 10 and was the lowest in the
mediastinal lymph nodes. The sensitivity of SPECT/CT in
the mediastinal lymph nodes was significantly lower than
those at nodal station No. 13 and No. 12 (P < .001 and
P = .012, respectively). The specificity of SPECT/CT based
on Table 3 was 0.76 at No. 13, 0.93 at NO. 12, 1.0 at NO. 11,
1.0 at No. 10, and 0.99 at the mediastinum.

TABLE 2. Patient characteristics of SN identification by
SPECT/CT

SNs by SPECT/CT

Identified Not identified
Age [y)
Mean = SD 68 > 6 89 =7
Range 54-81 53-82
Sex (No.)

Male 20 18
Female 19 9
Mean tumor size (mm) 19=+7 207

Tumor location (No.}
Right upper lobe 1 5
Right middle lobe 3
Right lower lobe 7 4
Left upper lobe 15 7
Left lower lobe 6 5
Histologic type (No.)
Adenocarcinoma 34 18
Squamous cell carcinoma 4 5
Adenosguamous carcinoma 0 1
Small cell carcinoma 1 0
Operative procedure {No.)
Lobectomy 5 8
Segmentectomy 34 18
pTAM (No.)
T1 NO Mo 33 23
T2 NO M0 1 1
T1 N1 MO 2 0
-T1 N2 Mo 3 0
Total 39 24

SN, Sentinel node; SPECT/CT, single photon emission computed tomography.

TABLE 3. Correlation between SPECT/GT and gamma
probe for SN identification

Patient number with SN identified by

Gamma probe {+) Gamma probe (—)

SPECT SPECT SPECT SPECT
{(+) (~) (+) {-)
True False False True
Station positive negati\ie positive  negative  Total
Hilum
10 2 3 0 44 49
" 5 3 0 41 49
12 14 5 2 28 49
13 23 5 5 16 49
Mediastinum
Right
3 1 2 0 20 23
4 ’ 1 1 0 21 23
7 0 1 0 22, 23
Left
4 1 0 0 25 26
5 2 3 1 20 26
7 0 4 0 22 26

SN, Sentinel node; SPECT/CT, single photon emission computed tomogra-
phy. +, Sentinel node is identified; —, sentinel node is not identified.

Pathologic examination showed lymph node metastases

in 5 patients, that is, N1 in 2 patients and N2 in 3 (Table 4). 14

Frozen section of the SNs identified by both SPECT/CT and
the gamma probe could show metastases in all 5 patients.

Diseussion

The present study showed that SPECT/CT was inferior to
the gamma probe method for SN identification in the me-
diastinal lymph nodes. This discrepancy could be caused by
the following: (1) the ability to measure radioactivity with
SPECT/CT images is inferior to that of direct measurement

Sensitivity

1.0 )

P<0.001 -
P=0.012

OVS— | I I
0 I l_

#10 Mediastinal
Iymph nodes

Figure 2. Sensitivity of SPECT/CT at each lymph node station.
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TABLE 4. SNs identified by SPECT/CT and gamma probe in patients with N1 or N2 disease

SN
No. Age/sex Tumor location Histology Metastatic node SPECT/CT Gamma probe pTNM
1 60/M RLL Ad No. 13 No. 13 No. 13 T1 N1 MO
2 72/M RLL Ad No. 11 No. 11 No. 11 T1 N1 MO
3 80/M LUL Ad No.5 No. 5 No.5 T1 N2 Mo
4 59/M LUL Ad Nos. 5,12, 13 Nos. 12,13 ~ Nos. 5,12 T1 N2 M0
5 54/F LLL Ad Nos. 7, 11,12 Nos. 12,13 No. 12 T1 N2 M0

SPECT/CT, Single photon emission computed tomography/computed tomography; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; Ad,

adenocarcinoma.

by a gamma probe and (2) the radicactivity of mediastinal
SNs is usually lower than that of hilar SNs, because the
former is further away from the primary tumor. Therefore,
we conclude that SPECT/CT cannot easily identify SNs in
the mediastinum. However, SPECT/CT could identify SNs
at nodal station No. 12 and No. 13 with a sensitivity of 0.82
and 0.74, respectively. This may be because SNs at nodal
station No. 12 and No. 13 are close to the primary tumor,
which makes their radioactivity high enough for detection
by SPECT/CT. In fact, in 5 patients with N1 or N2 disease,
SPECT/CT imaged metastatic SNs in the hilum before the
operation.

We* previously evaluated SN identification by using a
gamma probe in 104 patients with clinical stage I NSCLC
and concluded that although the gamma probe could iden-
tify SNs in the mediastinum before lymph node dissection
(in vivo SN identification), it could not in the hilum owing
to high radioactivity from primary tumors. Because the
present study showed the usefulness of SPECT/CT for the
in vivo SN identification in the hilum, we believe that the com-
bination of SPECT/CT and the gamma probe could be
useful for in vivo SN identification in both the hilum and the
mediastinum.

Recently, it has been reported that segmentectomy could
be an alternative to lobectomy for pathologic T1 NO MO
NSCLC.'%'81° gg that the final indication of segmentec-
tomy can be determined, intraoperative frozen sections must
be examined for all of the hilar and lobe-specific mediasti-
nal lymph nodes to confirm the intracperative N stage to be
NO.1%1 We consider that the application of SPECT/CT
could be used for determining the final indication of seg-
mentectomy as follows: (1) SNs identified in the hilum by
SPECT/CT and those identified in the mediastinum by
gamma probe are submitted for frozen sections; (2) when
frozen sections of SNs show metastases, segmentectomy is
converted to lobectomy. Even after segmentectomy, in vivo
SN identification by gamma probe is usually difficult for the
hilum owing to high radioactivity in the remaining seg-
ments: Therefore, if SPECT/CT is not used, all lymph nodes
in the hilum have to be dissected during segmentectomy for
SN identification by gamma probe, which is hard as well as

time-consuming. On the other hand, for lobectomy, SN
identification by SPECT/CT would not be necessary be-
cause lymph nodes at the hilum are routinely removed
during lobectomy and can be examined for SN identification
by gamma probe.

The sensitivities of SN identification at nodal station No.
10 and No. 11 by SPECT/CT were still low. Because station
No. 10 is close to the mediastinum, the gamma probe can
identify SNs at this station after resection of the primary
tumor, as there will no longer be any interference of radio-
activity from the primary tumor. Nodal station No. 11 is
usually easy to excise even during segmentectomy, enabling
SN identification by gamma probe.

Several tracers have been used for SN identification,
such as ®°™Tc tin colloid, *®™Tc sulfur colloid, and 99,
phytate. Of these, ®™Tc tin colloid has the largest particles,
that is, about 1000 nm in diameter. The reason that we have
used ?*@Tc tin colloid is as follows. Because the particles of
tin colloid are large, they take longer to reach SNs than the
other tracers with small particles. In lung cancer surgery,
unlike operations for cancer in other organs, radioisotope
injected frequently leaks into the tracheobronchus, which
makes in vivo SN identification unreliable immediately
after the injection. Because **™Tc tin colloid has to be
injected a few hours before the operation to reach SNs, the
material that leaked into the tracheobronchus is already
washed out at surgery, resulting in more reliable in vivo SN
identification than the other tracers with small particles.*
We* previously confirmed that the radioactivity of 99mYC tin
colloid in SNs was stable from 9 to 24 hours after the
injection. On the other hand, 9mTe sulfur colloid can reach
SNs rapidly because of their small particles, approximately
40 nm in diameter, but could pass through the true SNs and
flow further up the chain of nodes, resulting in false nega-
tive results. Therefore, *>™Tc sulfur colloid has to be in-
jected immediately before surgery, which would make the
in vivo SN identification difficult because of material leak-
ing into the tracheobronchus. In fact, the previous reports
using **™Tc sulfur colloid identified SNs in the dissected
lymph nodes but not with in vivo identification.®’
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In conclusion, SPECT/CT can be used to identify SNs in
the hilum before surgery, especially at nodal station No. 12
and No. 13, but not in the mediastinum. Because the gamma
probe method can identify SN before lymph node dissection
in the mediastinum but not in the hilum, a combination of
SPECT/CT and the gamma probe could be used to identify
SNs before lymph node dissection in both the hilum and the
mediastinum. This will enable SN navigation surgery in
patients with clinical stage Ia NSCLC, especially for
segmentectomy.
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