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Objective. The purpose of this study is to compare the usefulness of technetium-99m-rhenium colloid (Tc-99m-Re) and tech-
netium-99m-human serum albumin diethylene-triamine-pentaacetic acid (Tc-99m-HSA-D) as lymphoscintigraphic agents and
to discuss the significance of lymphoscintigraphy in comparison with computed tomography (CT), magnetic resonance

imaging (MRI), and ultrasonography (US).

Study design. Dynamic and static lymphoscintigraphies were performed with Tc-99m-Re and Tc-99m-HSA-D. The usefulness
of the 2 agents was evaluated statistically in comparison with pathologic findings and palpation. The significance of
lymphoscintigraphy is discussed in comparison with CT, MRI, and US (by the literature of CT, MRI, and US).

Results. Lymphoscintigraphy was superior to palpation, and Tc-99m-Re was superior to Tc-99m-HSA-D in accuracy, speci-
ficity, and the incidence of true-positive and false-positive. Statistical significance was shown between the static lymphoscintig-
raphy with Tc-99m-Re and palpation. The reliability of lymphoscintigraphy seemed to be slightly inferior to CT and MRI in
specificity and accuracy. However, lymphoscintigraphy had some advantages that CT and MRI lacked; for example, it showed
very high sensitivity (100%) and no false-negative (0%). It also showed changes of lymph node function, showed all levels of
neck nodes at one time, and showed a possibility of detecting small lymph node metastases.

Conclusion. Lymphoscintigraphy was more useful than palpation in detecting lymph node metastases, and Tc-99m-Re was
superior to Tc-99m-HSA-D as an agent. Lymphoscintigraphy is significant when it is performed as a preliminary examination
before CT or MRI. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2000;90:526-36)

Early detection and complete control of lymph node
metastases are the most important factors affecting the
prognosis of malignant tumors.!-3 Consequently, the
regional lymph nodes are examined thoroughly by
various imaging techniques. Computed tomography
(CT), magnetic resonance imaging (MRI), and ultra-
sonography (US) are most often used for this purpose,
and these methods provide useful information.4-6
However, these methods display mainly morphologic
changes in lymph nodes resulting from malignant
tumors. On the other hand, lymphoscintigraphy offers
a physiologic method for delineating the lymphatic
drainages of regional lymph nodes and visualizes the
changes in lymph node function.” In Japan, tech-
netium-99m-rhenium colloid (Tc-99m-Re) and tech-
netium-99m-human serum albumin diethylene-
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triamine-pentaacetic acid (Tc-99m-HSA-D) have been
widely used for lymphoscintigraphy. Tc-99m-Re is a
colloidal radioactive agent composed of small particles
(2-15 nm).8.9 The behavior of this radioactive agent
strongly relates to its particle size.!0 First, Tc-99m-Re
is taken into small lymphatic vessels when it is injected
subcutaneously, and this uptake chiefly depends on the
pore size of the vessels. Only particles of a specific size
go through these small pores. Tc-99m-Re is composed
of uniform particles of a suitable size for the pores and
is easily taken. Next, Tc-99m-Re flows through small
lymphatic vessels, then reaches lymph nodes, and
finally is gormandized by lymph nodes. On the other
hand, Tc-99m-HSA-D does not consist of any colloidal
particles!!-13; therefore, the mechanism of uptake of
this radioactive agent in lymph nodes is very different
from that of Tc-99m-Re. Generally, the dextran of a
molecular weight over 40,000 is not taken into blood
capillaries,!4 and substances of a molecular weight
over 50,000 have a predisposition to be taken into
small lymphatic vessels. The molecular weight of Tc-
99m-HSA-D is over 50,000, so this agent easily moves
into small lymphatic vessels and flows to lymph nodes
when it is injected subcutaneously. However, Tc-99m-
HSA-D is not gormandized by lymph nodes because it
is not a colloidal radioactive agent and instead is just
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Table 1. Case distribution

Tc-99m-Re Tc-99m-HSA-D
Site of tumor Male Female Male Female
Maxilla 6 7 0 0
Mandible 4 1 1 0
Buccal mucosa 2 2 1 0
Tongue 12 6 7 1
Oral floor 16 2 3 1
Cervical region 7 0 6 0
Total 47 18 18 2
(65) 85 (20)

retained in lymph nodes.!! Thus, Tc-99m-Re and Tec-
99m-HSA-D differ in the mechanism of uptake, and
because of this, their lymphoscintigraphic patterns are
assumed to be different to some degree.

The criterion for metastatic lymph nodes in
lymphoscintigraphy is based on the fact that normal
lymph nodes can take Tc-99m-Re or Tc-99m-HSA-D,
but metastatic lymph nodes either decrease uptake or
cannot take it at all. In this study, we performed 2 types
of lymphoscintigraphies, dynamic and static, and evalu-
ated the various image patterns. We selected 3 image
patterns on dynamic lymphoscintigraphy: asymmetric
drainage, delayed drainage, and inverse drainage, and 5
image patterns on static lymphoscintigraphy: defect,
mottled-patchy, swelling, collateral pathway, and rope-
like finding, according to the criteria of Glassburn et all5
and Kazem et al.16 These image patterns on dynamic and
static lymphoscintigraphies depend chiefly on the flow
rate of radioactive agent in lymphatic vessels and the
volume of the remaining normal lymph nodes and
Iymphatic vessels. Lymph node metastases usually cause
changes of the flow rate in lymphatic vessels and changes
of uptake of radioactive agent in lymph nodes. Therefore,
the image patterns on dynamic lymphoscintigraphy
mainly indicate the degree of obstruction of lymphatic
vessels. In the image pattern on static lymphoscintig-
raphy, the defect locates the loss of normal lymph nodes,
the mottled-patchy indicates the displacement of normal
lymph node tissue by tumor in various degrees, the
swelling shows the reactive hyperplasia of lymph nodes,
the collateral pathway shows the new formation of
Iymphatic vessels, and the rope-like finding expresses the
retention of radioactive agent caused by the obstruction
of lymphatic drainage or dilatation of lymphatic vessels.
Thus, lymphoscintigraphic image patterns can show the
changes of lymph node function on the basis of the
pathologic findings, and these images are useful as the
criteria for evaluation of lymph node metastases.

Both Tc-99m-Re and Tc-99m-HSA-D have been used
in lymphoscintigraphy of internal jugular chains for a
long time, but there are few clinical reports on the
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differences between these 2 agents. In this report, the
changes in internal jugular nodes caused by metastases
from malignant tumors of oral and maxillofacial
regions were prospectively examined by lymphoscintig-
raphy. The results from lymphoscintigraphy were corre-
lated with those from the pathologic examination and
palpation, and the usefulness of the 2 radioactive agents
was compared. Furthermore, the significance of
lymphoscintigraphy is discussed in comparison with
CT, MRI, and US, which are now common techniques
for detecting lymph node metastases.

MATERIALS AND METHODS
Patients

Lymphoscintigraphy with Tc-99m-Re was performed
on 65 patients with squamous cell carcinomas of the
maxilla (13 cases), mandible (5 cases), buccal mucosa (4
cases), tongue (18 cases), oral floor (18 cases), and
cervical region (7 cases). The tumors of these 65 patients
were classified according to T-staging: 21 cases of T1, 27
cases of T2, 15 cases of T3, and 2 cases of T4.
Lymphoscintigraphy with Tc-99m-HSA-D was per-
formed in 20 patients with squamous cell carcinomas of
the mandible (1 case), buccal mucosa (1 case), tongue (8
cases), oral floor (4 cases), and cervical region (6 cases).
These 20 consisted of 6 cases of T1, 12 cases of T2, and
2 cases of T3 (Table I). Patients who had undergone radi-
ation therapy, surgical excision of primary tumors along
with neck dissection before lympho-scintigraphy, or both
were excluded from the study. Lymphoscintigraphy was
performed as a part of the treatment-planning procedure
for surgical treatment, including neck dissection.

Lymphoscintigraphy

The areas behind both ears were selected for the
injection for lymphoscintigraphy. Either 0.25 mL of
Tc-99m-Re (37 MBq) or 0.1 mL of Tc-99m-HSA-D
(74 MBq) was injected subcutaneously into both
postauricular areas. Images were obtained by using a
Gamma View scintillation camera (Hitachi Co, Tokyo,
Japan) with a low-energy ultra-high-resolution parallel
hole collimator. Two types of imaging studies were
performed, dynamic and static lymphoscintigraphy.

Dynamic lymphoscintigraphy was carried out imme-
diately after the injection of the radioactive agent. The
patient was placed on a bed in a prone position over the
scintillation camera. Tc-99m-Re or Tc-99m-HSA-D
was administered subcutaneously in both areas behind
the ears by 2 dentists simultaneously. Scintiscans, each
lasting 20 seconds, were obtained continuously for a
period of up to 20 minutes. A 20-second scintiscan was
recorded as a frame datum, and 60 frames were
obtained. On each frame, 6 regions of interest (ROIs)
covering both sides of the internal jugular chains were
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Fig 1. On each of 60 frame images, 6 ROIs cover both sides of internal jugular chains. ROI numbers 1, 3, and
5 cover right superior, mid, and inferior jugular nodes, and ROI numbers 2, 4, and 6 cover left superior, mid,
and inferior jugular nodes. Function curves show change of accumulation count in lymph node of each region

for 20 minutes.

used for evaluation of lymph node function: the right
and left superior levels (ROI numbers 1 and 2), the mid
levels (ROI numbers 3 and 4), and the inferior levels
(ROI numbers 5 and 6) (Fig 1, A). The frame data
obtained were used to generate “function curves” (Fig
1, B). These curves indicate the change in signal inten-
sity as a function of the time elapsed, that is, the change
in flow of the radioactive agent along the internal
jugular chains. The curve numbers correspond to the
ROI numbers.

Static lymphoscintigraphic images were obtained 3
hours after the injection with Tc-99m-Re and 30 minutes
after the injection with Tc-99m-HSA-D. The patient was
placed on a bed in a supine position under the scintilla-
tion camera. Static images were recorded on films.

When these 2 lymphoscintigraphies were performed,
both injection areas were masked with a lead plate to
inhibit the effect of the gamma-rays from those areas.
The findings from the lymphoscintigraphy and palpa-
tion were compared with pathologic findings. The
results were analyzed statistically (chi-square test) in
regard to the diagnostic significance.

Palpation

Findings of lymph nodes by palpation were divided
into 3 groups based on estimation of size: the size of
the tip of a little finger or larger (L-size), smaller than
the tip of a little finger (S-size), and nonpalpable (N-
size). The size of the tip of a little finger was estimated
tobe 1.0 to 1.5 cm.

Pathologic examination

Surgically extirpated lymph nodes were examined
pathologically and compared per level of neck nodes
with lymphoscintigraphic and palpation findings.!5.16

CASE REPORTS
Dynamic lymphoscintigraphy
Case 1: Fifty-year-old man with right mandibular carcinoma.

This case showed an image pattern of inverse drainage between
the right superior and mid internal jugular nodes (Fig 2, A).

Case 2: Sixty-three-year-old man with right lingual carci-
noma. This case showed the image patterns of asymmetric
drainage and delayed drainage between the right and left
superior internal jugular nodes (Fig 2, B).

Static lymphoscintigraphy

Case 3: Fifty-one-year-old man with right lingual carci-
noma. This case showed a defect in the right mid internal
jugular node and a collateral pathway between the right supe-
rior and inferior jugular nodes (Fig 3, A).

Case 4: Thirty-six-year-old woman with right lingual carci-
noma. This case showed a mottled-patchy pattern in the right
mid internal jugular node and a swelling in the right superior
jugular node (Fig 3, B).

Case 5: Sixty-five-year-old man with a carcinoma of the left
oral floor. This case indicated a rope-like finding in the left
mid and inferior jugular nodes and a swelling in the left supe-
rior jugular node (Fig 3, C).

RESULTS

Correlation of findings between pathologic examina-
tion, lymphoscintigraphy, and palpation was performed
per level-to-level of neck lymph nodes of the superior,
mid, and inferior internal jugular chains. The one-to-one
contrast between individual lymph nodes was not done.

Correlation of pathologic specimens and
the image patterns of defect, mottled-patchy,
and swelling

To show the pathologic basis of lymphoscintigraphic
image patterns, the 3 static lymphoscintigraphic image
patterns of defect, mottled-patchy, and swelling were
correlated to pathologic specimens when lymph nodes
were surgically extirpated. The static lymphoscinti-
graphic results correlated closely with the pathologic
findings (Fig 4). In the patterns of defect or mottled-
patchy, the normal lymph node tissue disappeared
entirely or was displaced by tumor in some degree. In
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Fig 2. A, Case 1: Fifty-year-old man with right mandibular carcinoma. Radioactive count in right mid internal
jugular node (curve No. 3, white arrow) exceeds that of right superior internal jugular node (curve No. 1, black
arrow). This finding is interpreted to be an inverse drainage. B, Case 2: Sixty-three-year-old man with right
lingual carcinoma. Lymphatic drainages in right and left internal jugular chains are very different and show
asymmetric drainage. Radioactive count in right superior internal jugular node (curve No. 1, white arrow) is
very low in comparison with left side (curve No. 2, black arrow). This finding is interpreted to be a delayed

drainage of right superior internal jugular node.

Table Il. Correlation between pathologic examination, dynamic lymphoscintigraphy with Tc-99m-Re, and palpa-

tion
Palpation®
Pathologic examination Dynamic lymphoscintigraphy L-size S-size N-size
Metastatic 10 cases Positive 107 5 2 3
Negative 0 0 0 0
Normal 7 cases Positive 4% 2 1 1
Negative 3 0 1 2

*L-size indicates size of tip of little finger or larger; S-size, smaller than tip of a little finger; N-size, nonpalpable.
fAsymmetric drainage was shown in 10 cases, delayed drainage in 10, inverse drainage in 1.
#Asymmetric drainage was shown in 4 cases, delayed drainage in 4, inverse drainage in 2.

the pattern of swelling, the lymph node showed a reac-
tive hyperplasia.

Correlation between pathologic examination,
lymphoscintigraphy and palpation among
patients

Dynamic lymphoscintigraphy

Dynamic lymphoscintigraphy with Tc-99m-Re was
performed in 26 of 65 cases, 17 of which were exam-

ined pathologically (Table II). Ten cases were proven
to be metastatic, and 7 cases showed normal results.
Positive lymphoscintigraphic image patterns were
observed in 14 cases, and the negative finding was
observed in 3 cases. Ten of 14 positive cases were
proved to be metastatic (5 cases showed L-size node, 2
cases showed S-size node, and 3 cases showed N-size
node in palpation), but 4 cases were normal pathologi-
cally (2 cases showed L-size node, 1 case showed S-
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Fig 3. A, Case 3: Fifty-one-year-old man with right lingual carcinoma. Radioactive accumulation in right mid
internal jugular node is not visible and shows defect (white arrows). Right inferior internal jugular node shows
almost normal radioactive accumulation in spite of defect in mid lymph node. This finding is interpreted to be
a formation of a collateral pathway. B, Case 4: Thirty-six year-old woman with right lingual carcinoma.
Radioactive accumulation in right mid internal jugular node decreases and image pattern of mottled-patchy is
observed (white arrows). Right superior internal jugular node shows increasing accumulation, and this image
is interpreted to be a swelling (black arrows). C, Case 5: Sixty-five-year-old man with carcinoma of left oral
floor. Left mid and inferior internal jugular nodes increase radioactive accumulation. Isolation among indi-
vidual lymph nodes is unclear, and it looks like a rope. This finding is interpreted to be a rope-like finding
(white arrows). Left superior internal jugular node shows image pattern of swelling (black arrows).

size node, and 1 case showed N-size node). The 14
positive cases showed 3 lymphoscintigraphic image
patterns: asymmetric drainage in 14 cases, delayed
drainage in 14 cases, and inverse drainage in 3 cases.
The 3 negative cases were normal in pathologic exam-
ination (1 case showed S-size node and 2 cases showed
N-size node). On palpation, L-size node and S-size

node (palpable) were observed in 11 cases, 7 cases of
which were proven to be metastatic by pathologic
examination. Six cases showed N-size lymph node
(nonpalpable), but in half of them (3 cases), lymph
nodes appeared to be metastatic pathologically. In
dynamic lymphoscintigraphy with Tc-99m-Re, true-
positive, true-negative, false-positive, and false-nega-
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Fig 4. Three scintigraphic images of defect, mottled-patchy, and swelling are correlated with pathologic find-
ings of surgically extirpated lymph nodes. In image pattern of defect, a majority of lymph node tissue is
completely replaced by tumor (7), and normal lymph node tissue is rarely observed. In image pattern of
mottled-patchy, tumor tissue occupied half of lymph node tissue (7) but normal lymph node tissue is able to
be observed (L). In image pattern of swelling, most of lymph node tissue is kept in its normal condition (L),
and reactive hyperplasia of lymphatic follicles is observed.

Table III. Correlation between pathologic examination, dynamic lymphoscintigraphy with Tc-99m-HSA-D, and

palpation
Palpation*
Pathologic examination Dynamic lymphoscintigraphy L-size S-size N-size
Metastatic 9 cases Positive 9f 2 3 4
Negative 0 0 0 0
Normal 5 cases Positive 5% 0 0 5
Negative 0 0 0 0

*L-size indicates size of tip of little finger or larger; S-size, smaller than tip of little finger; N-size, nonpalpable.
‘+tAsymmetric drainage was shown in 9 cases, delayed drainage in 9, inverse drainage in 2.

FAsymmetric drainage was shown in 5 cases, delayed drainage in 5.

tive were found in 10 of 14 cases (71%), 3 of 3 cases
(100%), 4 of 14 cases (29%) and O of 3 cases (0%),
respectively. Thus, the accuracy, sensitivity, and speci-
ficity were 76% (13/17), 100% (10/10), and 43% (3/7),
respectively. On palpation, true-positive, true-negative,
false-positive, and false-negative were observed in 7 of
11 cases (64%), 3 of 6 cases (50%), 4 of 11 cases
(36%), and 3 of 6 cases (50%), respectively. The accu-
racy, sensitivity, and specificity were 59% (10/17),
70% (7/10), and 43% (3/7), respectively. The statistical
analysis was done in regard to the diagnostic accuracy
between dynamic lymphoscintigraphy with Tc-99m-
Re and palpation, but no significant difference was
observed (chi-square = 1.209 <2.706, P = .10).
Dynamic lymphoscintigraphy with Tc-99m-HSA-D
was performed in 20 cases, of which 14 were examined

pathologically (Table III). Nine cases were proven to
be metastatic, and 5 cases showed normal results.
Positive lymphoscintigraphic image patterns were
observed in all 14 cases. Nine of 14 positive cases were
proven to be metastatic (2 cases showed L-size node, 3
cases showed S-size node, and 4 cases showed N-size
node), but 5 cases were normal pathologically (5 cases
showed N-size node). The positive cases showed asym-
metric drainage in 14 cases, delayed drainage in 14
cases, and inverse drainage in 2 cases. In palpation, L-
size node and S-size node (palpable) were observed in
5 cases and proved to be metastatic by pathologic
examination. Nine cases showed N-size node (nonpal-
pable), but in 4 cases, lymph nodes appeared to be
metastatic pathologically. On dynamic lymphoscintig-
raphy with Tc-99m-HSA-D, true-positive, true-nega-
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Table V. Correlation between pathologic examination, static lymphoscintigraphy with Tc-99m-Re, and palpation

Palpation®
Pathologic examination Static lymphoscintigraphy L-size S-size N-size
Metastatic 24 cases Positive 24f 5 9 10
Negative 0 0 0 0
Normal 8 cases Positive 5% 2 3 0
Negative 3 0 0 3

*L-size indicates size of tip of little finger or larger; S-size, smaller than tip of little finger; N-size, nonpalpable.
TDefect was shown in 6 cases, mottled-patchy in 11 cases, swelling in 7 cases, collateral pathway in 2 cases, rope-like finding in 1 case.
#Defect was shown in 4 cases, mottled-patchy in 1 case, swelling in 1 case, rope-like finding in 1 case.

tive, false-positive, and false-negative were found in 9
of 14 cases (64%), O cases, 5 of 14 cases (36%), and 0
cases, respectively. Thus, the accuracy, sensitivity, and
specificity were 64% (9/14), 100% (9/9), and 0% (0/5),
respectively. In palpation, true-positive, true-negative,
false-positive, and false-negative were observed in 5 of
5 cases (100%), 5 of 9 cases (56%), 0 of 5 cases (0%),
and 4 of 9 cases (44%), respectively. The accuracy,
sensitivity, specificity were 71% (10/14), 56% (5/9),
and 100% (5/5), respectively. The statistical analysis
was done between dynamic lymphoscintigraphy with
Tc-99m-HSA-D and palpation, but no significant
difference was observed (chi-square = 0.1637 <2.706,
P =.10).

Static lymphoscintigraphy

Static lymphoscintigraphy with Tc-99m-Re was
performed in 65 cases, of which 32 were examined
pathologically (Table IV). Twenty-four cases were
proven to be metastatic, and 8 cases showed normal
results. Positive lymphoscintigraphic image patterns
were observed in 29 cases, and the negative finding
was seen in 3 cases. Twenty-four of 29 positive cases
were proven to be metastatic (5 cases showed L-size
node, 9 cases showed S-size node, and 10 cases
showed N-size node), but 5 cases were normal patho-
logically (2 cases showed L-size node and 3 cases
showed S-size node). Twenty-nine positive cases
showed S5 lymphoscintigraphic image patterns: defect
in 20 cases, mottled-patchy in 12 cases, swelling in 8
cases, collateral pathway in 2 cases, and rope-like
finding in 2 cases. Three negative cases were normal by
pathologic examination (3 cases showed N-size node).
On palpation, L-size node and S-size node (palpable)
were observed in 19 cases, and 14 of them were proven
to be metastatic by pathologic examination. Thirteen
cases showed N-size node (nonpalpable), but in 10 of
these cases, lymph nodes appeared to be metastatic
pathologically. In static lymphoscintigraphy with Tc-
99m-Re, true-positive, true-negative, false-positive,
and false-negative were found in 24 of 29 cases (83%),
3 of 3 cases (100%), 5 of 29 cases (17%), and O of 3
cases (0%), respectively. Thus, the accuracy, sensi-

tivity, and specificity were 84% (27/32), 100% (24/24),
and 38% (3/8), respectively. In palpation, true-positive,
true-negative, false-positive, and false-negative were
observed in 14 of 19 cases (74%), 3 of 13 cases (23%),
5 of 19 cases (26%), and 10 of 13 cases (77%), respec-
tively. The accuracy, sensitivity, and specificity were
53% (17/32), 58% (14/24), and 38% (3/8), respec-
tively. The statistical analysis was done between static
lymphoscintigraphy with Tc-99m-Re and palpation,
and a significant difference was observed (chi-square =
7.272 >6.635, P = .01).

Static lymphoscintigraphy with Tc-99m-HSA-D was
performed in 20 cases, of which 14 were examined
pathologically (Table V). Nine cases were proven to be
metastatic, and 5 cases showed normal results. Positive
lymphoscintigraphic image patterns were observed in 13
cases, and 1 case showed a negative finding. Nine of 13
positive cases were proven to be metastatic (2 cases
showed L-size node, 3 cases showed S-size node, and 4
cases showed N-size node), but 4 cases were normal
pathologically (4 cases showed N-size node). These 13
positive cases showed 4 lymphoscintigraphic image
patterns: defect in 6 cases, mottled-patchy in 3 cases,
swelling in 8 cases, and collateral pathway in 3 cases.
One negative case was proven to be normal pathologi-
cally (this case showed N-size node). On palpation, L-
size node and S-size node (palpable) were observed in 5
cases and proven to be metastatic by pathologic exami-
nation. Nine cases showed N-size node (nonpalpable),
but in 4 of these cases, lymph nodes appeared to be
metastatic pathologically. In static lympho-scintigraphy
with Tc-99m-HSA-D, true-positive, true-negative, false-
positive, and false-negative were found in 9 of 13 cases
(69%), 1 of 1 case (100%), 4 of 13 cases (31%), and O of
1 case (0%), respectively. The accuracy, sensitivity, and
specificity were 71% (10/14), 100% (9/9), and 20%
(1/5), respectively. On palpation, true-positive, true-nega-
tive, false-positive, and false-negative were observed in 5
of 5 cases (100%), 5 of 9 cases (56%), 0 of 5 cases (0%),
and 4 of 9 cases (44%), respectively. The accuracy, sensi-
tivity, specificity were 71% (10/14), 56% (5/9), and
100% (5/5), respectively. The statistical analysis was
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Table V. Correlation between pathologic examination, static lymphoscintigraphy with Tc-99m-HSA-D, and palpation

Palpation®
Pathologic examination Static lymphoscintigraphy L-size S-size N-size
Metastatic 9 cases Positive 9f 2 3 4
Negative 0 0 0 0
Normal 5 cases Positive 4% 0 0 4
Negative 1 0 0 1

*L-size indicates size of tip of little finger or larger; S-size, smaller than tip of little finger; N-size, nonpalpable.
TDefect was shown in 5 cases, mottled-patchy in 2 cases, swelling in 5 cases, collateral pathway in 3 cases.

#Defect was shown in 1 case, mottled-patchy in 1 case, swelling in 3 cases.

Table VL. Incidence of extra positive findings of static lymphoscintigraphy per level of neck lymph nodes

Level of metastatic

Static lymphoscintigraphy (% of findings)

lymph nodes

Tc-99m-Re (24 cases)

Tc-99m-HSA-D (9 cases)

(pathologic examination) Superior Mid Inferior Superior Mid Inferior
Superior 22 33 45 16 42 42
Mid 13 46 41 20 40 40
Inferior 18 35 47 20 40 40
Average of agreement 38% 32%

done between static lymphoscintigraphy with Tc-99m-
HSA-D and palpation, but no significant difference was
observed (chi-square = 0 <2.706, P = .10).

Incidence of extra positive finding of static
lymphoscintigraphy

A comparison per level of neck nodes between patho-
logic findings and static lymphoscintigraphy was
performed in 24 cases with Tc-99m-Re and in 9 cases
with Tc-99m-HSA-D (Table VI). All cases showed
lymph node metastases pathologically in one or more
levels of neck nodes, and static lymphoscintigraphy also
showed positive findings in those levels of metastatic
nodes. However, most of these cases showed one or more
extra positive findings from static lymphoscintigraphy in
some other levels of neck nodes that were normal patho-
logically. Incidence of extra positive finding of static
lymphoscintigraphy per level of neck nodes is shown in
Table V1. In the superior level of metastatic lymph nodes,
the incidence of extra positive findings with Tc-99m-Re
was 33% and 45% in the mid and inferior levels of neck
nodes, respectively. In the mid level of metastatic lymph
nodes, the incidence was 13% and 41% in the superior
and inferior levels, and in the inferior level of metastatic
lymph nodes, the incidences of 18% and 35% were
observed in the superior and mid levels, respectively. The
agreement was 22%, 46%, and 47% in the superior, mid,
and inferior levels, respectively. The tendency of inci-
dence of extra positive findings with Tc-99m-HSA-D
was almost the same. The averages of agreement were
38% between pathologic examination and static
lymphoscintigraphy with Tc-99m-Re and 32% with Tc-
99m-HSA-D. The static lymphoscintigraphy tended to

show 1 or more extra positive findings in the normal
levels of neck nodes, and this tendency was slightly more
distinct in Tc-99m-HSA-D. These results are thought to
lead to the increase of false-positive or overestimation
with lymphoscintigraphy.

Comparison between Tc-99m-Re, Tc-99m-HSA-D,
and palpation

The accuracy, sensitivity, specificity, true-positive,
true-negative, false-positive, and false-negative of
lymphoscintigraphy and palpation are shown in Table
VI The results show that lymphoscintigraphy was supe-
rior to palpation in the accuracy, sensitivity, true-nega-
tive, and false-negative. However, lymphoscintigraphy
showed a low specificity. Comparing Tc-99m-Re with
Tc-99m-HSA-D, lymphoscintigraphy with Tc-99m-Re
was estimated to be superior to that with Tc-99m-HSA-
D in accuracy, specificity, true-positive, and false-posi-
tive. Statistical analysis showed a significant difference
only between the static lymphoscintigraphy with Tc-
99m-Re and palpation (chi-square = 7.272 >6.635, =
.01). From the results, lymphoscintigraphy, especially the
static lymphoscintigraphy with Tc-99m-Re, was proven
to be superior to palpation to some degree.

Comparison between dynamic and static lympho-
scintigraphy

Comparison of dynamic and static lymphoscintig-
raphy with Tc-99m-Re was performed on 17 patients,
who were examined pathologically (Table VIII). Ten
cases with metastasis showed 21 findings in dynamic
and 23 findings in static lymphoscintigraphy in total.
Seven cases without metastasis showed 10 findings in
dynamic and 4 findings in static lymphoscintigraphy.
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Table VII. Diagnostic reliability of Tc-99m-Re, Tc-99m-HSA-D, and palpation
Statistical data (%)
Acc Sen Spe Tpos Tneg Fpos Fneg Chi-square”
Tc-99m-Re Dynamic (17 cases) 76 100 43 71 100 29 0 — 1.209
Static (32 cases) 84 100 38 83 100 17 0 — 7.272
Tc-99m-HSA-D  Dynamic (14 cases) 64 100 0 64 - 36 - 0.1637
Static (14 cases) 71 100 20 69 100 31 0 0
Palpation (17 cases) 59 70 43 64 50 36 50 —
(32 cases) 53 58 38 74 23 26 77—
(14 cases) 71 56 100 100 56 0 4 — 1
Acc, Accuracy; Sen, sensitivity; Spe, specificity, Tpos, true-negative; Fpos, false-positive; Fneg, false-negative.
*Statistical significance.
Table VIII. Comparison between dynamic and static lymphoscintigraphy with Tc-99m-Re
No. of cases in all
Pathologic examination Dynamic Static
Metastatic (10 cases) Asymmetry 10 Defect 6
Mottled-patchy 8
Delayed 10 (21) Swelling 6 (23)
Collateral pathway 2
Inverse 1 Rope-like finding 1
Normal (7 cases) Asymmetry Defect 2
Mottled-patchy 1
Delayed 4 (10) Swelling 14
Collateral pathway 0
Inverse 2 Rope-like finding 0

Positive scintigraphic findings in accordance with
pathologic examination were shown in 68% (21/31) of
dynamic and 85% (23/27) of static lymphoscintig-
raphy. Comparison of dynamic and static lympho-
scintigraphy with Tc-99m-HSA-D was performed on
14 patients, who were examined pathologically (Table
IX). Nine cases with metastasis showed 2 findings in
dynamic and 15 findings in static lymphoscintigraphy.
Five cases without metastasis showed 10 findings in
dynamic and 5 findings in static lymphoscintigraphy.
Positive findings in accordance with pathologic exam-
ination were shown in 67% (20/30) of dynamic and
75% (15/20) of static lymphoscintigraphy. The number
of findings were shown in total, but the accuracy was
higher in static than dynamic lymphoscintigraphy with
both Tc-99m-Re and Tc-99m-HSA-D.

Relationship of primary tumor sites with levels of
metastatic lymph nodes and static lymphoscinti-
graphic findings

Pathologic examination was performed in 46 cases,
of which 33 cases was proven to be metastatic. The
distribution of metastatic lymph nodes per level is
shown in Table X. There were 9 in the superior level,
29 in the mid level, and 13 in the inferior level. Static
lymphoscintigraphy was carried out in 85 cases, and 77
of them showed positive lymphoscintigraphic findings.

The number of positive lymphoscintigraphic findings
per level is also shown in Table X. There were 10 in the
superior level, 63 in the mid level, and 52 in the infe-
rior level. Each tumor site showed almost the same
tendency, and the mid level was the most commonly
affected level. There was no relationship between
tumor sites and affected levels.

DISCUSSION

Lymphoscintigraphy was first reported by Sherman
and Ter-Pogossian!’7 and Sage et all® by using the
radioactive gold (Au-198) colloid. This colloid was suit-
able because of its small particle size, but the physical
half-life of 2.7 days is long, and the radiation dose to
patients from the beta radiation is rather high. Recently,
Tc-99m was introduced as a tracer for lymphoscinti-
graphy because of its convenient physical characteris-
tics,19 for example, a short physical half-life and a low
radiation dose. Since the introduction of Tc-99m,
lymphoscintigraphy has been used in various regions of
the body!9-2!: parasternal region, axillary-infraclavicular
region, retroperitoneal region, and of course the oral
region. In Japan, Tc-99m-sulfur colloid and Tc-99m-Sn
colloid at first had been used for lymphoscintigraphy, but
now 2 radioactive agents, Tc-99m-Re and Tc-99m-HSA-
D, are used. In this study, these 2 radioactive agents were
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Table IX. Comparison between dynamic and static lymphoscintigraphy with Tc-99m-HSA-D

No. of cases in all

Pathologic examination Dynamic Static
Metastatic (9 cases) Asymmetry Defect 5
Mottled-patchy 2
Delayed 9 (20) Swelling 5 (15)
Collateral pathway 3
Inverse Rope-like finding 0
Normal (5 cases) Asymmetry Defect 1
Mottled-patchy 1
Delayed 5(10) Swelling 3(5)
Collateral pathway 0
Inverse Rope-like finding 0

applied to 65 cases (Tc-99m-Re) and 20 cases (Tc-99m-
HSA-D) with malignant tumors of oral regions, and the
usefulness was compared. These 2 agents are composed
of different components. The mechanisms of uptake of
Tc-99m-Re and Tc-99m-HSA-D differ, and because of
this, lymphoscintigraphic image patterns also differ. The
image patterns of the lymph nodes were more clearly
visible with Tc-99m-Re than those with Tc-99m-HSA-D,
and the static lymphoscintigraphy with Tc-99m-Re was
found to be suitable for the evaluation of individual
lymph nodes in this study. For either agent, about 30% of
the injected volume is taken up by small lymphatic
vessels.22.23 Of course, the more radioactive agent that is
injected, the more is taken up by small lymphatic
vessels.24 Both radioactive agents reach the lymph nodes
within 30 minutes,325 but the optimal times to obtain
scintigraphic images after the injection are different.
Images with Tc-99m-Re were taken about 2 hours after
injection, and images with Tc-99m-HSA-D were taken
30 minutes after injection.”-!2 This difference results
chiefly from the different speed of clearance of the
agents.8:12.13 We selected 2 areas behind the ears for the
injection, and we injected subcutaneously. Ohtake et al?4
reported that radioactive agents injected intracutaneously
were taken into the small lymphatic vessels easier than
those injected subcutaneously. This difference resulted
from the tissue pressure around the injection area.
However, the intracutaneous injection usually results in
intense pain. Thus, we chose to inject by means of the
subcutaneous route. The injected areas we selected were
very close to the internal jugular chains, but we were able
to get good images by masking the injection areas with a
lead plate when the images were taken. Anezyris et al26
and Ege?? reported that an injection volume under 0.5
mL (74-148 MBq) was suitable for good images of
lymphoscintigraphy. We injected 0.25 mL (37 MBq) of
Tc-99m-Re and 0.1 mL (74 MBq) of Tc-99m-HSA-D
into each area, and we got suitable images for diagnosis.

We carried out 2 types of scintigraphies, dynamic and

static. Static lymphoscintigraphy showed an overall
higher agreement with pathologic examination than
dynamic lymphoscintigraphy with both Tc-99m-Re and
Tc-99m-HSA-D. Dynamic lymphoscintigraphies with
Tc-99m-Re and Tc-99m-HSA-D indicated no clear
statistical significance in comparison with palpation. In
static lymphoscintigraphy, Tc-99m-HSA-D did not show
any significant difference, but Tc-99m-Re showed a
clearly statistical significance in comparison with palpa-
tion. Tc-99m-Re also could detect the small metastatic
lymph nodes of 10 cases that were not detected by palpa-
tion (N-size nodes). Tc-99m-Re showed a slightly higher
agreement than Tc-99m-HSA-D (38% vs 32%) in the
evaluation of incidence of extra positive findings. The
lymphoscintigraphy showed an overall superiority in the
accuracy, sensitivity, true-negative, and false-negative in
comparison with palpation, though the statistical signifi-
cance was only shown in the static lymphoscintigraphy
with Tc-99m-Re. Sako et al?? and Ali et al?8 reported
almost the same results of palpation; that is, that the accu-
racy and false-negative were about 70% to 80% and 20%
to 40%, respectively. From these results, we concluded
that lymphoscintigraphy was superior to palpation, and
Tc-99m-Re was more useful than Tc-99m-HSA-D as an
agent for lymphoscintigraphy.

Nodal metastases in patients with oral malignant
tumor were often observed in the levels of mid and
inferior nodes in this study. Som29 reported the same
result; therefore, much attention has to be paid to those
levels of neck nodes.

We also evaluated the significance of lymphoscintig-
raphy in comparison with CT, MRI, and US by a
review of the literature. The modalities of CT, MRI,
and US are frequently used for the purpose of detecting
metastatic lymph nodes, and they are currently more
common than lymphoscintigraphy. In some reports of
CT, the sensitivity was reported to be 84%?3 or 60%,30
specificity was 71%5 or 99%,30 and accuracy was
90%,31 93%,32 or 85%.30 In the reports of MRI, the
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Table X. Relationship of primary tumor sites with levels of metastatic lymph nodes and static lymphoscintigraphic

findings
Level of metastatic lymph nodes (33 cases) Static lymphoscintigraphy (77 cases)
Primary tumor site Superior Mid Inferior Superior Mid Inferior

Maxilla 1 5 3 4 11 8
Buccal mucosa 1 1 0 1 3 3
Mandible 0 1 0 0 5 2
Tongue 2 6 2 0 19 18
Oral floor 0 8 2 2 16 12
Cervical region 5 8 6 3 9 9
Total 9 29 13 10 63 52

sensitivity was 92%5 or 36%,33 and specificity was
83%>5 or 94%.33 The results of CT and MRI were supe-
rior to those of lymphoscintigraphy obtained in this
study except for sensitivity. In the reports of US, the
sensitivity was 91%34 or 100%,35 specificity was
56%34 or 29%,35 and accuracy was 81%34 or 73%35,
these results were similar to those of lymphoscintig-
raphy. These 3 types of modalities put their diagnostic
criteria on the morphologic changes of lymph nodes,
especially on the size of lymph nodes. Generally, size
1.0 to 1.5 cm is used as a cutoff point to determine
malignancy, and this is an effective size criterion.36.37
There is no doubt that most metastatic neck nodes are
larger than normal nodes. However, some reports throw
doubt on the size criterion of 1.0 to 1.5 cm because
there is a large size-range overlap between normal and
malignant lymph nodes. In the lymph nodes of border-
line sizes 1.0 to 1.5 cm and 1.6 to 2.0 cm, the
metastatic lymph nodes were found only in 16% and
29% of total nodes, respectively.3” Even lymph nodes
smaller than 1.0 cm often showed micrometastases and
occult metastases.38-41 Moreover, one report stated that
nodal size bore a less direct relationship with metas-
tases.39 Thus, there is some doubt that the nodal size
should be used as a diagnostic criterion by itself. The
finding of central necrosis has been taken as an addi-
tional criterion to assist the size criterion. In fact,
central necrosis larger than 3 mm was able to be
detected with soft tissue resolution capabilities of most
new-generation imaging modalities of CT or MRI37:41
and was a highly reliable indicator of malignancy.39
However, because the central necrosis depends on
tumor progression at an early stage of the metastatic
process, it is a rare phenomenon and will therefore not
assist the nodal size in detecting metastatic nodes.*!
On the other hand, lymphoscintigraphy uses a
different diagnostic criterion from CT, MRI, and US,
and lymphoscintigraphy puts its diagnostic criterion on
the changes of lymph node function. Lymphoscintigra-
phy, of course, has some disadvantages as a modality
for detecting lymph node metastases,!5,19.22:42-47 for

example, in detecting the anatomic differences
between individuals in the number of lymph nodes and
in the distribution of lymph nodes per side and level.
The injected nuclear agent is not taken equally in every
lymph node. Moreover, this modality shows a high
incidence of false-positive (overestimation) and low
specificity.43:44 This overestimation is, in fact, an unde-
sirable phenomenon. This is assumed to be caused
partly by the obstruction of small lymphatic vessels by
tumor. When the lymphatic drainage is stopped or stag-
nated in the lymphatic vessels or lymph nodes of upper
level, radioactive agents cannot reach the lymph nodes
of the lower level. The obstruction leads to the defect
image pattern (false-positive or overestimation) of
normal lymph nodes in the lower level. This overesti-
mation is assumed to be caused partly by the response
of lymph nodes to inflammatory lesions because there
are many odontogenic lesions in the oral region. These
lymph nodes often show an image—pattern-like
swelling in static lymphoscintigraphy. However, in
spite of these disadvantages, this modality has many
advantages,51048-53 for example, the high sensitivity
and low incidence of false-negative. This method can
display all levels of neck lymph nodes at one time and,
importantly, this method can detect the functional
changes in lymphatic systems. Moreover, this method
could detect small metastatic lymph nodes (N-size
node) in this study.

Although CT and MRI are actually very good modal-
ities for detecting lymph node metastases, there are
some problems with these modalities. Neither CT nor
MRI could detect most of micrometastases,38:3% and
10% to 15% of metastatic lymph nodes were estimated
to be normal (false=negative) with CT or MRI.54.55
There is also doubt on the size criterion. Thus, it is
impossible to detect lymph node metastases completely
by CT or MRI alone, and CT or MRI should be
combined with some other modalities.5-39:55
Lymphoscintigraphy is thought to be eligible to be
combined with CT or MRI and will accomplish the role
as a partner because lymphoscintigraphy uses a different
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diagnostic criterion, detects the changes in lymphatic
drainage and lymph node function, shows a very low
incidence of false-negative, shows a very high sensi-
tivity, displays all levels of neck lymph nodes at one
time, and may be able to detect small lymph node metas-
tases (N-size node). Therefore, lymphoscintigraphy
should be performed before CT or MRI, making use of
its superior characteristics. The levels of neck nodes that
are suspected to be metastases by lymphoscintigraphy
should be examined in detail by CT or MRI to decrease
the incidence of false-positive and false-negative.56
When the accuracy increases by a combination of CT or
MRI with lymphoscintigraphy, the results will lead to
the decrease of unnecessary elective neck treatment.

Recently, some new modalities have been assessed,
for example, MRI with a new contrast agent,>7-58 the
combination of TI-201 single photon emission
computed tomography with MRI,39 positron emission
tomography,33:60-62 lymphoscintigraphy with double
radioactive tracers,%3 and ultrasound-guided fine
needle aspiration biopsy,0-64-66 because 25% of all clin-
ically occult lymph node metastases are too small to be
detected by any currently available technique.3® New
modalities show a high diagnostic reliability, and these
new modalities are expected to be generalized soon.

In summary, lymphoscintigraphy is superior to
palpation in detecting metastases and has some impor-
tant advantages that CT and MRI lack. This modality
of lymphoscintigraphy can assist other imaging
modalities as a preliminary technique for the evalua-
tion of metastatic lymph nodes, making use of its
superior characteristics.

We thank Mr Miguel Federico Vazquez Archdale for
reading the manuscript.
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