TEXT
Introduction
Precise identiﬁcat_ion and preservation of the pyramidal tract during surgery for parenchymal brain tumors is of
crucial importance for avoidance of postoperative deterioration of the motor function. Intraoperative subcortical
brain mapping with electripal stimulation [1,2], as well as neuronavigation, based on preoperative
diffusion-weighted imaging (DWI) or diffusion tensor imaging (DTI) [3-10], are usually used for this pﬁrpose, but
both of these techniques has a recognizable pitfalls. The first one can provide only functional information and
does not permit precise estimation of the exact course of the pyramidal tract, whereas the second is susceptible to
mislocalization errors, particularly caused by brain shift [11,12). Technique of intraoperative DW1 (iDWT) using
intraoperative MR scanner of low magnetic field strength (0.3 Tesla), has been developed recently in Tokyo
Women's Medical University [13,14]. After validation of the scanning protoco! during pre-clinical investigation
on volunteers [15], the clinical part of the study was initiated with an objective to evaluate the usefulness and

efficacy of iDWI during surgical management of gliomas.

Methods and Materials

Main principles of surgery for gliomas with use of iMRI of low (0.3 Tesla) magnetic field strength (AIRIS II,
Hitachi Medical, Tokyo, Japan) adopted in the Tokyo Women's Medical University had been presented
previously [16]. Shortly, after induction of the general anesthesia, the patient head was firmly fixed with titanium
pins in the modified Sugita head-holder (Fig.1), representing lower arch of the headholder-coil (Mizuho Ltd.,
Tokyo, Japan). The head-holder was connected to the operating table with supporting arm incorporating 3 joints
and 2 rotational axes, which provided easy adjustment of the head position according to the surgical needs. For
preservation of sterile conditions in the surgical field during the procedure the patient head was covered with
transparent drapes, whereas electrical connectors of the headholder-coil were protected with special caps to
prevent contamination with fluids and dust. Before start of iMRI several fiducial markers were fixed to the skull
on the periphery of the surgica] field, and additional one was inserted into the surgical wound and located in the

vicinity to the target. The protective caps were removed from the electrical connectors and both semicircular



arches of the headholder-coil were connected. Wide transparent sterile drape was used to cover the whole body of
the patient, his or her head, and surgfcal wound, z_md the operating table was moved into gap of the intraoperative
MR scanner. During routine surgery iMRI was usually performed at least 2 -limes: after craniotomy and
completeness of the approach to the umor and after resection of the neoplasm. If additional resection of glioma

was required iMR1 investigation was repeated.

Clinical data

Evaluation of the clinical usefulness of iDWI was performed in 10 surgically treated patients with gliomas located
in the vicinity to the pyramida) tract. There were 5 men and 5 women with a mean age of 41.2 + 13.9 years (range:
26 - 68 years). Initially diagnosed tumors were met in 8 patients, whereas recurrent in 2. According to
histopathological examinalion’ there were two aslrocytomas WHO grade 11, two anaplastic astrocytomas WHO
grade 111, two anaplastic oligodendrogliom;ls WHO grade II1, and four glioblastomas WHO grade IV. Nine
patients were operated on in sull)ine. and one in prone position. The study was approved by responsible authorities .
of the Tokyo Women's Medical University and informed consent was obtained from each patient and his/her

nearest family member.

Evaluation of the pyramidal tract contrasting
Aécording to objectives of the present study in all cases in addition to usually used axial To-weighted and axial
“T,-weighted imaging with or without cont;asl enhancement, which took approximately 10 minutes, additional
shimming, DWI, and coror;al T)-weighted imaging were done, which required additional 15 - 20 minutes.
T,-weighted images and T-weighted images were obtained using, respectively, 3D gradient echo (RSSG,
RF-spoiled steady state acquisilion rcwound. gradient echo with TR 27 ms and TE 10ms), and 3D fast spin echo
with driven equilibrium pulse (TR 1000 ms, TE 140 ms), with scan matrix size 256 x 160, 100 slices, 1.5 hm
slice interval for both imagings. DWI was acquired according to the protocol described previously [ 15] using
application of the motion probing gradient (MPG) pulse in anteroposterior direction taken into #ccount the actual

position of the patient head. iDWI was performed both before and after tumor resection in 9 cases, and only



before tumor removal in one. Two evaluations (one before and one after tumor resection) were excluded from the
further analysis due to violation of the unified protocol for iDWI. Seventeen residual investigations, incorporating
306 slices, were evaluaied, and pyramidal tract conirast ratios were measured as described previously [15), and
compared between affected and non-affected sides. Additionally, the contrast ratio of pyramidal tracts was

compared between patients and previously investigated healthy volunteers ilS].

Evaluation of iDWI accuracy

For evaluation of distortion artifacts on iDWI the distances between image centerline (near the midline) to the
lateral cerebral ventricle wall, indicating the position of the pyramidal tract, and to the corli(.;al surface were
measured, correspondingly in 11 affected and |5 non-affected sides (with the exception of cases in which lateral
ventricle wall could not be identified due to mass effect), and 17 affected and 17 non-affected sides. The same
distances were measured on T;-weighted images. The differences of these mgasuremenls were calculated and
named as distortion indices corresponding to displacement of the lateral ventricle and displacement of the cortical

surface, which were compared between each other,

Evaluation of the clinical usefulness of iDW!

For evaluation of the clinical utility of iDWI during surgery for gliomas, 5 neurosurgeons with an average surgical
experience of 12.6 + 4.7 years (range: 8 — 20 years) were asked to compiele a specially deéigned questionnaire and
to answer whether iDWI-based determination of the pyramidal tract was useful and for which purpose, and what

problems of this technique are seemingly interfere with the clinical needs.

Statistics

Two-tailed t-test was used for statistical analysis. The level of significance was determined at P < 0.05.

Results

Using of the modified Sugita head-holder (lower arch of the headholder-coil) during microneurosurgical



procedure provided firm and stable fixation of the patient head and was not accompanied by any troubles in any
case. In all 10 patients intraoperative T)-weighted and T»-weighted images provided sufficient visualization of the
brain tumor, as well as its remnants after incomplete resection -(Fig.2). The total iMRI investigation time in cases
which included iDWI, calculated from attachment of the upper semicircular arch of the headholder-coil to its

removal for continuation of the surgical procedure, constituted approximately 40 minutes.

Evaluation of the pyramidal tract contrasting

iDWI permitted visualizatibn of the pyramidal tract on the non-affected side m all 10 cases, and on the affected

* side in 8 cases (Fig.3). In 2 patients with malignant gliomas clear visualization of the pyramidal tract on the
affected sfde was not possible (Fig.4). The tract contrast ratios varied from 84.5% to 17.7%, and constituted in
average 43.7+16.4%. The differences of the tract contrast ratio between non-affected and affected side, as well as
between patients and previouély investigated healthy volunteers [15] were not statistically significant. Motion
artifacts Were observed in four patients with pulse rate over 70 per minute, but were not an obstacle for

identification of the pyramidal tract position by neurosurgeons.

Evaluation of iDWI accuracy

The average displacement at the lateral ventricle on the affected side constituted 1.0£0.7 mm. The differences of
the distortion indices between lateral ventricle wall and cortical surface were ﬁot statistically significant on the
affected side, but were significant on non-affected one (Table ). Good correspondence of the anatomical

landmarks localization on iDWI and T-weighted imaging was found (Fig.5).

Evaluation of the clinical usefulness of iDWI

All participating neurosurgeons agreed, that iDWI was very useful for localization of the pyramidal tract and for
clarification of its spatial relationships with glial tumors and normal cerebral tissue in the majority of patients
(Table 2). Among problems, which can interfere with the clinical needs, increase of required iMRI examination

time, and poor tract visualization in some cases of malignant gliomas, were marked.



" Discussion

Simulianeous use of iDWI and structural iMRI during surgery for parenchymal brain tumors seems to be
extremely useful for determination of both white matter tracts poéilion and lesion location. However, additional
incorporation of iDWI into intraoperative neuronavigation system requires high level of image quality and
positional accuracy. We estimated that the latier s.hould be within 5 mm, which corresponds to the conducting
depth of the electrical slim_ulalion during subcortical brain mapping. It was previously shown, that mean error of
the intraoperative neuronavigation system using T -weighted images obtained with MR scanner of low magnetic
field strength (0.3 Tesla) in the “intelligent operating theater” of the Tokyo Women's Medical University is as low
as 0.90 = 0.35me (17). In the present study the misalignments between DWI and T;-weighted images on the |
affected side were 1.0 £ 0.7 mm for the lateral ventricle wall and 1.2 + 1.1 mm for the cortical surface, which
corresponds to the eélimated positiopal accuracy of approximately 2.1 mm, a;ld, in our opinion, fulfils clinical

needs.

Motion artifacts were obsérved in four patients with pulse rate over 70 per minute. Jiang et al. [18] reported, that
effect of pulsation can be minimized by avoiding the period of 100 to 250 msec after systole for data acquisiﬁon.
In our pre-clinical study [15] motion artifacts in multi-shot DWI-echo-planar imaging were successfully
suppressed by setting time delay from the systole on more than 300 msec. It should be marked, that under general
anesthesia, pulse rate is usually well controlled. Nevertheless, in no one case motion artifacts interfered with

identification of the pyramidal tract position by neurosurgeons.

Diffusion anisotropy of the white matter tracts may be reduced by pfesence of the lesion or perilesional edema
[19]. In some cases of the present study location of malignant glioma in the close proximity to the pyramidal tract
resulted in its poor visualization on iDWI. While pre-operative DWI can define whether pyramidal tract can be
visualized or not, it may not correspond ;:omplelely to results of intraoperative imaging. Using of visual

comparison of images obtained with different directions of MPG pulses, Krings et al. [6] were able to differentiate



edema from the large descending fiber tracts in all 10 patients with various brain lesions.

All neurosurgeons participating in the present study found iDWI very ﬁseful for determination of the pyramidal
tract positioning and its spatial relationships with the lesion and surgical instruments. It may become even more
convenient in the future, due to development of the special sound alarm, which will be automatically activated
when surgical manipulations would come into close proximity to the pyramidal tract [20]. It should be marked,
however, that protocol used for acquisition of iDWI provided limited image resolution of 2.5 x 2.7 mm in both
mediolateral and craniocaudal directions, whereas slice thickness of 8 mm resulted in partial volume effect. These
factors can reduce differentiation of the fine structures within the pyramidal tract, and necessitate use of

subcortical brain mapping with electrical stimulation in addition to iDWI [9,21].

Prolongation of time required for examination, which constituted approximately 40 minutes, was marked as a
problem, which can interfere with the clinical usefulness of the technique. In fact, investigation time can be
shorten if coronal T,-weighted would be omitted and shimming would be minimized to the region-of-interest.
From another side, similarly to any other type of iMRI potential decrease of postoperative morbidity and

improvement of quality of life can be considered as a reasonable prize for prolongation of the total length of

surgery.

In conclusion, the results of the present clinical study show, that iDWI using MR scanner of low magnetic field
strength (0.3 Tesla) in the majority of patients permits clear visualization of the pyramidal tract and identification
of its spatial relationships with the lesion and surgical instruments. Image quality and accuracy were sufficient for
possible incorporation of iDWI into intraoperative neuronavigation system. Using of iDW1 in addition to
structural iMRI and subcortical functional mapping with electrical stimulation can potentially result in reduction
of the postoperative morbidity after aggressive surgical removal of lesions located in tﬁe vicinity 1o the motor

white matter tracts.
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Table 1. Comparison of distortion indices calculaled using intraoperative DWI and T,-weighted images obtained

with MR scanner of low magnetic ficld strength (0.3 Tesla).

Affected side

Non-affected side

Displacement of the lateral ventricle (mm)

1.0+£07(n=11)

0.6+0.5(n=15)

Displacement of the cortical surface (mm)

12+ 1.1(n=17)

09£05(n=17)

P-value

NS

<0.05

Data presented as mean + standard deviation; NS: non-significant; n: number of cases




Table 2 Results of the evaluation of usefulness of intraoperative DWI for visualization of the pyramidal tract

Standard questions to five practicing neurosurgeons Number of answers
Whether visualization of the pyramidal tract with iDWI was:
very useful 5 (100%)
useful 0
not useful 0
Whether visualization of the pyramidal tract with iDWI was useful for:
determination of its position 5 (100%)
determination of its shift 2 (40%)
determination of its spatial interrelationships with the lesion 5 (100%)
for other purposes 0
What problems with iDWI were encountered:
long imaging time ' 5¢ iOO%)
poor contrasting of the pyramidal tract 1 20%)
poor image resolution 0
low signal-to-noise ratio .0
presence of image artifacts 0
others 3 (60%)

iDWI: intraoperative diffusion-weighted imaging
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LEGENDS FOR FIGURES

Figure 1

Radiofrequency receiver coil integrated with modified Sugita head holder for intraoperative MR1
(Headholder-coil; Mizuho Ld, Tokyo, J:lpzin)i genceral view of the dévice (upper left), fixation of the patient head
within madificd Sugi(u head holder beflore craniotomy (upper right) and during:the surgical procedure (fower left),
connection.of bothsemicircular arches before intraoperative imaging. whicl.x pravides solenoid coil structure
(lower right). Marked: modified Sugita head holder with built-in cupper wire (A), removable upper semicircular
arch (B), clectrical connectors (C), supporting drm for fixation to the operating table (D) with its 3 joints (solid
arrows) and 2 rotational axes (dashed arrows) for adjustment of the patient- head position; titanium fixation pins

(E), sterile surgical drapes (F); sterile protective caps, covering the electrical connectors during surgery (G).
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Figu;'e 2

Axial iﬂtraoperalive conlrasl-enhahced Ti-weighted (left column) and T,-weighted (right column) images before
(upper row) and after (lower row) removal of the temporal fobe glioblastoma, which were acquired with
intraoperative MR scanner of low magnetic field strength (0.3 Tesla) using originally dgsigned radiofrequency
receiver coil imegfated with modified Sugita head holder (headholder-coil). Note good image resolution, which
permits their use for intraoperative neurona\)igalion. and minimal area of signal loss (S) at the point of contact of

the titanium fixation pin with the scalp and cranium. Marked: tumor (T), resection cavity (V).
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Figure 3

Coronal intraoperative diffusion-weighted (lefi column) and contrast-enhanced T,-weighted (right column) images
béfore (upper row) and after (lower row) removal of the temporal lobe glioblastoma, which were acquired with
intraoperative MR scanner of low magnetic field strength (0.3 Tesla) using originally designed radiofrequency
receiver coil integrated with modified Sugita head holder (headholder-coil). Note good image resolution, which
permits their use for intraoperative neuronavigation, and clear visualization of the pyramidal tract with
diffusion-weighted imaging. Marked: tumor (T), resection cavity (V), residual part of the neoplasm after its

incomplete resection (R).
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Figure 4
An intraoperative diffusion-weighted image with insufficient visualization of the pyramidal tract on the affected

side compared to the non-affected side (arrowheads). Marked: peritumoral edema (E).
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Figure §
Evaluation of accufacy of the intraoperative DW1 (lower part) superimposed on corresponding T,-weighted image

(upper part). Note that, with exception of cortical surface, there was good correspondence of the anatomical

landmarks localization (arrows).
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Objective: Intraoperative frozen section examination of sentinel lymph nodes was
conducted to determine the final indication for segmentectomy for clinical T1 NO
MO non-small cell lung cancer.

Methods: Between April 2005 and July 2006, 52 patients with clinical T1 NO M0
non—small cell lung cancer were prospectively treated by segmentectomy with
sentinel node identification. The day before surgery, technetium-99m tin colloid was
injected into the peritumoral region. After segmentectomy and lymph node dissec-
tion, sentinel nodes identified by measuring radioactive tracer uptake were exam-
ined for intraoperative frozen sections, which were serially cut 2 to 3 mm in
thickness. When sentinel node metastasis was observed, segmentectomy was con-
verted to lobectomy.

Results: Sentinel nodes were identified in 43 (83%) patients. The average number of
sentinel nodes was 1.6 + 0.9 (range: 1-5) per patient. Of 3 patients with metastatic
sentinel lymph nodes, 2 underwent lobectomy and 1 larger segmentectomy. None of
the other 40 patients had metastatic sentinel lymph nodes and therefore they were
treated with segmentectomy. Pathologic staging with permanent sections was NO in
all of the 40 patients. On the other hand, in 9 patients whose sentinel nodes could
not be identified, intraoperative frozen sections were required for 5.4 = 2.3 lymph
nodes, which was significantly more than 1.6 = 0.9 in the 43 patients with sentinel
node identification (P < .001).

Conclusion: Sentinel node identification is useful to determine the final indication of
segmentectomy for clinical T1 NO MO non—small cell lung cancer by targeting the
lymph nodes needed for intraoperative frozen section diagnosis.

n 1995, the Lung Cancer Study Group' conducted a prospective randomized

controlled trial of limited resection versus lobectomy for clinical T1 NO M0

non—-small cell lung cancer (NSCLC) and concluded that the former was inferior
to the latter regarding local recurrence and survival. However, the limited resection
group in the study included both segmentectomy and wedge resection, and the
curability for T1 NO M0 NSCLC differed between the two procedures. On the other
hand, there have been several reports describing that survivals were similar between
patients treated with segmentectomy and those with lobectomy.”

The most important issue regarding segmentectomy versus lobectomy is whether
postoperative local recurrence is increased. Whereas Warren and Faber® reported
local recurrence in 15 (22.7%) of 66 patients after segmentectomy versus 5 (4.9%)
of 103 patients after lobectomy, other authors reported that local recurrence after
segmentectomy with complete dissection of hilar and mediastinal lymph nodes was
equal to that after lobectomy.*® However, for determining the final indication for
segmentectomy, intraoperative frozen sections must be examined for all of the hilar
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Abbreviations and Acronyms

CT = computed tomography

FDG-PET = fluorodeoxyglucose—positron emission
tomography

NSCLC = non-small cell lung cancer

SN = sentinel node

SPECT = single photon emission computed
tomography

and lobe-specific mediastinal lymph nodes to confirm the
intraoperative N staging to be N0.>¢

A sentinel node (SN) is defined as the first lymph node
within the lymphatic basin reached by lymph draining from
the primary lesion. Recently, SNs have been identified by a
radioactive tracer with or without dye during surgery for
melanoma, breast cancer, gastrointestinal cancer, and lung
cancer to reduce lymph node dissection.’'* We'*!* previ-
ously reported that SN identification with technetium-99m
tin colloid could establish the first site of nodal metastasis in
NSCLC.

In the present study, we used SN identification to target
the lymph nodes submitted for intraoperative frozen section
diagnosis, which might determine the indication of segmen-
tectomy. In addition, unlike Tsubota,® Okada,* Yoshikawa,’
and their associates, who proposed that the indication for
segmentectomy was T1 NO MO NSCLC less than 2 cm in
size, we proposed that it was T1 NO MO NSCLC without
size limitation. Because SN identification served as the final
indication of segmentectomy, we named the procedure
“sentinel node navigation segmentectomy.”

Patients and Methods

Eligibility

The study protocol for SN navigation segmentectomy was ap-
proved by the Ethics Committee of Kumamoto University Hospital
in March 2005. Informed consent was obtained from all patients
after discussing the risks and benefits of the proposed surgery with
their surgeons.

Patients

Between April 2005 and July 2006, 103 patients with NSCLC
underwent surgical treatment. Of these, 73 patients had stage c-T1
NO MO cancer according to the findings of both computed tomog-
raphy (CT) and fluorodeoxyglucose—positron emission tomogra-
phy (FDG-PET). SN navigation segmentectomy was prospectively
performed when (1) ¢-T1 NO MO NSCLC was identified in the
peripheral lung; (2) the tumor on CT was more than 2 cm away
from the pulmonary vein running at the boundary of the affected
segment; (3) intraoperative frozen sections of SN showed no
metastasis; (4) the surgical margin was intraoperatively found to
be more than 2 ¢m from the tumor; and (5) tumors located
centrally within the inner one third of the lung or in the right
middle lobe were excluded. The stage of disease was based on the

TABLE 1. Lymph node nomenclature

N2 node * N1 node
Superior mediastinal Hilar
No. 1. Highest mediastinal No. 10. Hilar
No. 2. Paratracheal No. 11. Interlobar
No. 3. Pretracheal No. 12. Lobar

No. 4. Tracheobronchial
Aortic

No. 5. Botallo

No. 6. Para-aortic
Inferior mediastinal

No. 7. Subcarinal

No. 8. Paraesophageal

No. 9. Pulmonary ligament

Intrapulmonary
No. 13. Segmental
No. 14. Subsegmental

TNM classification of the International Union Against Cancer.'*
The lymph node nomenclature used was according to the lymph
node map of Naruke and associates,'® which was approved by the
Japan Lung Cancer Society (Table 1).

Administration of Radioactive Colloid

The day before surgery, a 23-gauge needle was introduced into the
periturnoral region under single photon emission computed tomogra-
phy/computed tomography (SPECT/CT) system guidance, which in-
corporates a gantry-free SPECT with dual-head detectors (Sky-
light; ADAC Laboratories, Milpitas, Calif) and an 8 multidetector
CT scanner (Light-Speed Ultra; General Electrics, Milwaukee,
Wis). Technetium tin colloid (6—8 mCi) suspended in a 1- to
1.5-mL volume was injected in a single shot. SPECT/CT was
performed 5 minutes after the injection and the next morning just
before the operation. ’

SN Identification

The radioactivity of the resected lymph nodes was counted with a
handheld gamma probe (Navigator; Auto Suture Japan, Tokyo,
Japan). The radioactivity was measured for a 10-second period. SN
was defined as any node for which the count was more than 5 times
the radioactivity of the resected tissue with the lowest count.

SN Navigation Segmentectomy

Under thoracotomy, SN navigation segmentectomy was performed
as follows: (1) Pulmonary arteries and bronchi of the affected
segments were cut at the hilum; (2) pulmonary veins along the
boundary of segments were isolated from the center to periphery;
(3) the affected segments along the pulmonary veins were resected
with staplers; (4) the hilar and systematic mediastinal lymph nodes
were dissected; (5) the radioactivity of dissected lymph nodes was
counted for SN identification; (6) SNs were examined by intraop-
erative frozen sections, which were serially cut 2 to 3 mm in
thickness; (7) if the intraoperative frozen sections of the SN
showed no metastasis, the operation was completed with segmen-
tectomy; (8) if the sections of the SN showed metastasis, lobec-
tomy was performed; and (9) if the SN could not be identified
because radioactivity of the lymph nodes was low, all of the hilar
and lobe-specific mediastinal lymph nodes were submitted for
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TABLE 2. Sites of segmentectomy

No. of . No. of
Segment patients Segment patients
Right Left
Upper lobe Upper lobe
S1 3 S1+2 4
S2 2 S3 2
S1+ 82 2 S1+2+3 9
S3 2 S4+5 1
S3 + S2b 1
S2 + S3a 1
Lower lobe Lower lobe
S6 4 S6 3
S7+38 1 S8 1
S8 1 S8+9 2
S9 + S10 2 S9+ 10 1
S7-10 1 S10 1
S6 + 89 + S10 1 S§8~—10 1
Total 21 31

Right upper lobe: S1, apical, S2, anterior; S3, posterior. Right lower lobe:
S6, apical; $7, medial; S8, anterior; S9, tateral; S70, posterior. Left upper
lobe: S7+2, apical posterior; S3, apical anterior; S4, superior lingular; S5,
inferior lingular. Left lower lobe: S6, apical; S8, anterior; S9, lateral; S70,
posterior.

intraoperative frozen section. Lobe-specific lymph nodes were

. defined as follows: No. 3 and No. 4 for the right upper lobe, No.

5 for the left upper lobe, and No. 7 for the lower lobe of both
sides."”

Primary End Points of the Study

Primary end points of the study are as follows: (1) Can SN
identification diagnose pathologic N stage during segmentectomy?
(2) Are the survival and local recurrence after SN navigation
segmentectomy similar to those after lobectomy?

Statistical Analysis
All data were analyzed for significance by the 2-tailed Student
t tests. All values in the text and tables are given as mean = SD.

Results

Operative procedures for the 73 patients with ¢-T1 NO MO
were lobectomy in 12 patients, segmentectomy in 52, and
wedge resection in 9. The reasons for conducting lobectomy
in the 12 patients were as follows: (1) tumors in the right
middle lobe in 5 patients; (2) tumors located centrally in 5
patients; (3) multiple lesions in the same lobe in 1 patient;
and (4) thoracoscopic lobectomy as requested by the patient.
As a result, 52 patients were consecutively enrolled for SN
navigation segmentectomy. Table 2 shows the sites of seg-
mentectomy for the 52 patients. The average number of
dissected lymph node stations and lymph nodes per patient
was 6 = 1.8 stations and 12.5 = 5.9 lymph nodes, respec-
tively. Among the 52 patients, SNs could be identified in 43
(83%). The time needed for SN identification was within 5

TABLE 3. Characteristics of patients with and without
sentinel node identification

Sentine! lymph node

Identifiable Nonidentifiable

Mean age (y) 697 71 +1
Sex

Male 26 8

Female 17 1
Mean tumor size (cm) 19+07 2107
Histologic type

Adenocarcinoma - 37 6

Squamous cell carcinoma 4 -2

Adenosquamous carcinoma 2 1
No. of lymph nodes submitted 1.6 09 54 + 2.3*

for intraoperative frozen
diagnosis

Pathotogic TNM

T1 NO MO 39 9

T2 NO.MO 1 0

Ti N1 MO 1 0

T2 N1 Mo 1 0

T1 N2 MO 1 0
Total 43 9
*P < 001,

minutes in each patient. The characteristics of the 43 pa-
tients with SN identification and of the 9 patients without
are shown in Table 3. Average tumor size on CT was 1.9 *
0.7 cm (range: 0.8-3.0 cm) and 2.1 * 0.7 cm (range:
1.4-3.0 cm) in the patients with and without SN identifi-
cation, respectively. Seventeen (40%) of the 43 patients
with SN identification and 4 (44%) of 9 patients without had
tumors larger than 2 cm. Pathologic tumor stages in the 43
patients with SN identification were T1 NO MO0 in 39, T2 NO
MOin 1, TINI MO in 1, T2 N1 MO in 1, and T1 N2 MO in
1, whereas the stage in all 9 patients without SN identifi-
cation was p-T1 NO MO. The tumors in 2 patients were
pathologically classified as T2; one tumor was spread over
the pleura and the other was more than 3 cm in size in the
permanent section. The average number of lymph nodes
submitted for intraoperative frozen section examination was
significantly less in the 43 patients with SN identification
(1.6 = 0.9 [range: 1-5] per patient) than in the 9 patients
without SN identification (5.4 * 2.3 [range: 3-10] per
patient) (P < .001).

Table 4 shows the SN identified in the hilar lymph node
stations. The number of stations having SN increased in
numeric order from No. 10 to 13 stations. In the mediastinal
lymph node stations, the SN was identified in 15 of the 43
patients (35%). Eleven of the 15 patients had SNs in both
the hilar and mediastinal lymph node stations, whereas the
remaining 4 patients had SNs only in the mediastinum. The
distribution of mediastinal SNs is shown in Table 5, which
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