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Sentinel Lymph Node Biopsy in Thyroid Cancer
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The role of sentinel lymph node biopsy (SLNB) in thyroid cancer is still debatable. The
primary goals of SLNB are to facilitate accurate identification of lymph node (LN)
metastasis without formal lymphadenoectomy to reduce morbidity associated with LN
dissection. SLN in thyroid cancer can be identified using either vital blue dye, radioactive
tracer, or a combination of these methods. Here, 26 selected studies of SLNB for thyroid
cancer are analyzed and reviewed. For the vital blue dye, radioisotope, and combined
methods, the overall sentinel node identification rates (SNIRs) were 84.0, 98.4 and 97.9%,
the overall sensitivities were 86.1, 66.7 and 90.7% and the overall false negative rates were
11.4, 16.3, and 11.4%, respectively. The combined blue dye and radioisotope method had
superior SNIRs, sensitivities, and false negative rates than the single vital blue dye
technique. New tracers such as carbon nanoparticles can be used in SLNB. Lateral
compartment SLNB studies employing a radioisotope technique can be useful for
evaluation of the occult lateral neck LN status in patients with papillary thyroid cancer
(PTC), especially in cases of central neck node metastasis. Lateral SLNB may also provide
useful information for medullary thyroid cancer (MTC) treatment.
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INTRODUCTION

High-resolution US has been found to accurately detect
regional metastatic lymph nodes (LN) as small as 2~ 3 mm
in the greatest dimension, nodes that were missed by
palpation alone. US could detect LN metastases in the
lateral neck with high sensitivity and specificity.(2) US,
however, was unable to detect all metastatic nodes in the
central compartment of the neck. The lower sensitivity of
US may be due to potential limitations in the central neck,
in that the presence of metastatic nodes may be masked by
the thyroid gland and multifocal nodules, the surrounding
structures of the central compartment, and the clavicle and
sternum.(/) By contrast, the Sentinel Lymph Node Biopsy
(SLNB) technique may more accurately detect the presence
of metastatic nodes in the central neck and allow the

surgeon to alter the surgical procedure in real time.

SLNB is widely investigated and performed in melanoma
and breast cancer. The role of SLNB in breast cancer is
clear; it decrease the need for axillary LN dissection which
can cause arm edema. However, the role of SLNB in thyroid
cancer which was first introduced by Kelemen et al.(2) in
1998 is still under investigation. The primary goals of SLNB
are to enable accurate identification of lymph node me-
tastases without the need for formal lymphadenectomy, to
minimize morbidity from unnecessary surgery, and to
facilitate the appropriate treatment of patients with and
without nodal disease.(3) The presence of macroscopic LN
metastases in Papillary Thyroid Cancer (PTC) at pre-
sentation, which is found in about 50% of patients, clearly
increases the risk of loco-regional recurrence and warrants

node dissection.(3) Papillary microcarcinomas have a up to
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65% risk of associated metastasis.(4) Patients who harbor
LN metastases may have shorter overall or disease-free
survival and increased risk of recurrence. In patients with
pathological proven cervical LN metastases (pathological
N1 disease; pN1), the median risk of loco-regional LN
recurrence varies markedly by clinical staging, with
recurrence rates for patients who are initially clinically NO
(clinical NO disease; cNO) of 2% (range 0%~ 9%) versus
rates of recurrence for patients who are initially clinically
N-positive (clinical N1 disease; ¢cN1) of 22% (range 10% ~
42%). Furthermore, the median risk of recurrence in pN1
patients varies markedly by the number of positive nodes,
<5 nodes (4%, range 3%~ 8%) vs. >5 nodes (19%, range
7%~ 21%).(5) Thus, ipsilateral neck dissection after thyroid
resection to excise potential metastatic disease may be
indicated in patients with high-risk differentiated thyroid
cancer (DTC). To date, however, there is no direct evidence
that prophylactic LN dissection may be associated with a
decreased risk of recurrence and improved survival in
patients with DTC(6) Central LN dissection also can be
associated with significant morbidity including transient
and/or permanent hypoparathyroidism and vocal cord
paresis. If SLNB could reliably differentiate between
patients with and without regional node metastasis, the
ideal option in patients with clinically node-negative
thyroid cancer would be to undertake central node dis-
section selectively in those with a positive sentinel node
(SN).

POTENTIAL ADVANTAGE & PITFALLS

The risks and benefits of the SLNB procedure should first
be assessed. SLNB for thyroid cancer may display potential
benefits in increase the accuracy of nodal staging, the
detection of metastatic lymph nodes outside the central
neck, identification of skip metastasis, and the selection of
patients who would benefit from complete neck dissection

and optimized

I ablation therapy, avoidance of un-
necessary prophylactic LN surgery, minimizing surgical
morbidity.(7)

Although the complications of SLNB were not signi-

ficant, they include hypersensitivity to isosulfan,(”) skin

flare response to the blue dye.(8) There are also little
increased morbidities related to the SLNB procedure, such
as recurrent laryngeal nerve injury and hypoparathy-
roidism. In addition, removal of parathyroid glands that
had been stained by the dye is well known pitfall of blue
dye methods,(9) transient vocal cord paresis attributed to a
prolonged search for the SN,(/0) and intravascular
injection of radioisotope in one patient causing early
migration of the radioisotope and non-visualization of the
SN.(77) Radioactive tracer used in lymphoscintigraphy did
not harm patients, surgeons or pathologists;(9,17,12)
however, SLNB using lymphoscintigraphy/gamma-probe
is costly and time consuming, increasing operation time.

The exclusion criteria for SLNB included patients with
the followings; 1) anaplastic thyroid cancer, 2) known
benign disease, 3) previous surgery on the thyroid gland, 4)
pregnant or actively breast-feeding, 5) known local or
distant metastasis.(Z3)

The aims of this review were; to summarize the SLNB
techniques used in thyroid cancer patient ; to compare the
result of different methods in assessing SN detection rates,

and other statistical parameters.

VITAL BLUE DYE

The SLN in thyroid cancer can be identified with either
vital blue dye and/or radioactive tracer. Recently Carbon
nanoparticles were used as tracer.(74)

Vital blue dye method is a relative convenient SLNB
technique in thyroid cancer. Isosulfan blue dye (1%),(2,8,
15-17) methylene blue (1%, 2%)(9,14,158-24) and Patent
Blue V (0.5%, 1%, 2.5%)(11,25-28) were most commonly
used dyes in SLNB.

For vital blue dye injection procedure, minimal mobi-
lization thyroid gland is crucial to prevent lymphatic rup-
ture around thyroid gland. Excessive dissection usually
cause dye leak from the thyroid capsule which can ruin
proper dissection due to dye staining. Small amount,
usually 0.1~ 0.5 ml, of blue dye using a tuberculin syringe
is sufficient for staining. Both intratumoral and peritumoral
injection can be used. Sometimes blue dye (especially

methylene blue) did not drained into lymphatic channel
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especially when tumor is well encapsulated, large, or
calcified. So we prefer peritumoral injection when using
methylene blue. Blue stained lymphatic channel and SLN
can be seen within 1 ~ 2 min after injection. All blue stained
nodes are dissected and sent for frozen biopsy, Unilateral
or bilateral Central Neck Dissection (CND) after SLNB can
be performed following the study protocols.

The vital blue techniques are relatively easy to perform
and safe. However, they have several disadvantages; the
risk of lymphatic disruption from primary tumors; possible
coincidental staining of parathyroid glands; and difficulty
in identifying sentinel nodes in the lateral neck or me-
diastinum.(7) Staining of the parathyroid gland is a major
disadvantage of the blue dye SLNB technique.

Table 1 summarized the result of blue dye techniques
reported. A analysis of 20 studies comprising a total 1,098
patients, demonstrated sentinel node identification rate
(SNIR) of vital blue dye methods was around 82.0%. SNIR
for isosulfan blue, methylene blue, and Patent Blue V was
90.7%, 81.6%, and 69.9% respectively. The SNIR of PB was
lower than other two blue dye methods. Rubello et al.(28)
indicated in their study using PB that no SLN staining was
observed in 46 out of 153 patients (30.1%). And in 4 of them
a normal parathyroid gland was stained and in 3 other
cases, fibroadipous tissue was stained thus leading to
misinterpretation of this finding as a SLN (7 cases). More-
over, in other 7 of these 46 patients (15.2%), microme-
tastases were found in removed LN at histopathologic
examination. Other two study(25,26) also showed low
SNIR, relatively high false negative rate of Patent Blue V.
Compared to Isosulfan blue or Methylene Blue, Patent Blue
V having relatively low detection rate thought to be not a
good candidate for SLNB in thyroid cancer.

ISB showed uniform high SNDR around 90% except one
study,(75) high sensitivity (90.2%), accuracy (93.3%), and
low false negative rate (17.1%). Hypersensitivity reactions
including anaphylaxis have been reported in 1~3% of
patients administered ISB, but has not been noted in
patients administered methylene blue.(,)

Many SLNB studies in thyroid cancer were largely
carried out with methylene blue dye method. A analysis of
11 studies of methylene blue showed 81.6% (73.4 ~100%)

of SNID which was lower than ISB and higher than PB. The
sensitivity (3.1%), accuracy (92.2%), and false negative rate
(12.6%) were with acceptable value. False negative rate of
dye method is highly variable to the study groups from 0%
to 38.9%. Source of false negative cause in dye technique
may be due to spread to the lateral compartment of me-
tastatic disease or adherence of the sentinel node to the
thyroid itself thus preventing detection as a separate blue
entity.(/3) In Oct 2011, unfortunately, FDA reported
(http://www.fda.gov/Drugs/DrugSafety/ucm263190.htm)
on the potential drug interaction between methylene blue
and serotonergic psychiatric medications. Methylene blue
is not an FDA-approved drug and not commercially
available at this time.

RADIOISOTOPE

The disadvantage of vital blue dye method, parathyriod
staining, can be overcome by lymphoscintigraphy or an
intraoperative gamma-probe procedure. The patients
underwent preoperative lymphoscintigraphy after injec-
ting one of radioisotope labeled particles such as 99mTc-
tin colloid,(9) 99mTc-labelled nanocolloid,( 72,29 99mTc-
labelled sulphur colloid,(70) or 99mTc-labelled colloidal
albumin.(7/7) Small amount, usually in 0.1~0.3 ml, of
radiosiotope injected intratumorally or peritumorally un-
der US guidance. Total thyroidectomy or lobectomy was
performed first in order to avoid interference by primary
tumor radioactivity (‘shine through’ phenomenon), then a
hand-held collimated gamma probe was used to scan the
central compartment and the lateral compartments for
‘radioactive’ LN. In patients with DTC, SLNs are regarded
as the lymph nodes with a lesion-to-background ratio of
2:1 or greater.(71) After selective excision of the SLN, the
radioactivity of the lymphatic bed is monitored with the
probe to verify complete surgical extirpation, while the
SLN is sent to the pathology laboratory for histologic
examination.(/)

The SNIR of Radioisotope was 98.4% (96.6% ~ 100%)
higher than that of vital blue dye techniques (Table 2). In
spite of higher SNIR, only one study was available for
analysis, sensitivity (66.7%), accuracy (87.7%) and false
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negative rate (16.3%) is not satisfactory.

The radiotracer technique has several advantages,
including the absence of lymphatic disruption during sur-
gery, potential identification of the SLN outside the central
compartment, and no uptake of the tracer by the para-
thyroid glands.(28)

The radioisotope method also has disadvantages. The
‘shine through’ phenomenon where the SLN close to
primary lesion may be obscured by the lesion, may be
problematic in the central compartment, where the lymph
nodes are located close to the thyroid lesions. This results
in high radioactivity counts throughout the entire lym-
phatic basin, obscuring the ability to localize the drained
SLN. In addition, using a radiocolloid for lymphatic map-
ping is more costly and time consuming than the vital blue
technique and requires equipment for radiotracer detec-
tion(7).

COMBINED METHOD

The combination of lymphoscintigraphy, intraoperative
gamma-probe and vital blue dye approaches may also be
used to detect SLN. A analysis of 3 studies using combined
methods(9,77,30) showed SNIR of 97.9%, sensitivity of
90.7%, accuracy of 94.6%, and false negative rate of 11.4%
(Table 2). Two comparison study(9,30) of methylene bule
alone vs. combined methylene bule & radioisotope tech-
nique showed improved SNIR, sensitivity, accuracy, and
false negative rate in combined method group (Table 3).

The results of 26 studies of three different SLNB tech-
nique were summarized in Table 4. SNIR of vital blue dye
was improved with radioisotope technique. The false
negative rate, 11.4%~ 16.3%, was similar among the three
methods. The clinical significance of false-negative LN in
DTC has not yet been determined. The sensitivity of SLNB
for SLN detection is also increased by serial sectioning of
LN allowing histological examination at multiple level.
immunohistochemistry (IHC) staining is more sensitive
than hematoxylin and eosin staining in detecting tumor
cells. The use of IHC staining on SLNB samples may
increase the number of patients found to have LN meta-

stases. IHC assessment of the SN with anticytokeratin/

Table 2. Results of studies using radioisotope vs. combined methods (both blue dye and radioisotope) techniques of SLNB in thyroid cancer

F(-) rate
(%)

Accuracy
(%)

Specificity
(%)

Sensitivity
(%)

True
negative

False
negative

Negative
SN

Positive
(%) SN

SN IR

SN
identified

No. of
patients

Reference

Radioisotope method

NA
16.3

NA

87.7

NA
100

NA
66.7

NA
36
NA
NA
36

65 100 34 31 NA

65

Boschin et al.(72) 2008
Carcoforo et al.(36) 2007

Stoeckli et al.(70) 2003

96.6 14 43

100

57

59

NA
NA
16.3

NA
NA
87.7

NA
NA
100

NA
NA
66.7

NA
NA

100

Rettenbacher et al.(29) 2000

Radioisotope total
Combined method (blue dye+radioisotope)

76

51

127 98.4

129

100 93.3 14.3

88.9

18
19

100 24 21
21

45

45

Huang et al.(30) 2011
Lee et al.(9) 2009

95.2
100

100

91.3
100

21

42 98

43

100

86

Catarci et al.(77) 2001

Combined total

11.4

94.6

100

90.7

39

44

49

97.9

93

95

SN = sentinel node; SNIR = sentinel node identification rate.
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antithyroglobulin antibody showed evidence of nodal
metastases in an additional 15% of patients (7 of 47 sentinel
nodes).(3) In addition, metastatic nodes can be detected by
improved molecular biologic techniques, including real-
time PCR and reverse transcriptase-PCR assays, using
primers and/or probes for genes that may be over-
expressed in certain tumors. The use of PCR-based
molecular markers has resulted in high sensitivity and

reproducibility for detecting tumor cells in lymph nodes.(7)

NEW TRACER

Recently Hao et al.(/4) reported SLNB using Carbon
nanoparticles (CNs) as tracers for SLNB in thyroid
microcarcinoma patients and compare the efficacies with
methylene blue (MB) (Table 5). The staining rate of cervical
level VI LN, sensitivity, specificity, accuracy rate, and false
negative rate were superior in CNs group compared to MB
group (Table 4). They suggested the CNs method a feasible
and repeatable technique in the screening and selection of
patients who are most likely to benefit from cervical LN

dissection.

LATERAL SLNB

The incidence of lateral LN metastasis in PTC varies from
15.9~80.0%.(19,31) The lateral skip metastasis rate in
patients with thyroid cancer has been reported to be as
high as 20%.(/) Contrast to numerous central SLNB reports
in thyroid carcinoma, lateral compartment SLNB study is
scanty because prognostic significance of occult lateral LN
metastasis in PTC is still controversial. The rationale of

lateral SLNB, early identification and removal of occult
lateral LN in preclinical stage, may be helpful in avoiding
secondary operation due to recurrence in the lateral
compartment.

Dzodic et al.(79) reported a lateral SLNB study. Me-
thylene blue dye was applied peritumorally in 40 patients
with DTC. Both SLN and non-SLN in the lower third of the
jugulo-carotid chain were dissected prior to total thyroi-
dectomy and routine dissection of the central neck com-
partment. All LN were examined by frozen section and
standard histology. Modified Radical Neck Dissection
(MRND) was performed in 9 cases of LN metastasis in the
lateral neck compartment. The SLN identification rate was
92.5%. Metastases in SLNs were revealed by frozen section
histology in 7 cases, leading to immediate MRND. In 2
false-negative cases SLN metastases were revealed on
standard histology and MRND was performed 1 week later.
The specificity of the method was 100%, sensitivity 77.7%,
negative predictive value 94%, positive predictive value
100%, with overall accuracy of 95%. In this study he found
that SLN biopsy in the jugulo-carotid chain using methy-
lene blue dye mapping may be a feasible and valuable
method for estimating LN status in the lateral neck
compartment.

We reported lateral SLNB study using radioisotope in
2011. A randomized clinical trial in 94 patients with PTC
larger than 1 cm and/or with clinically suspicious central
neck node metastasis was conducted in order to evaluate
the efficacy of lateral SLNB in the prevention of lateral neck
recurrence. Preoperative lymphoscintigraphy was ob-
tained after intratumoral injection of a 99mTc-tin colloid
under ultrasound guidance. After total thyroidectomy or

Table 5. Comparison of the results using carbone nanoparticles (CN) vs. methylene blue (MB) dye technique of sentinel
lymph node biopsy in papillary thyroid cancer [Hao et al.(74) 2012]

Dye Volume injected (ml) No. of SN

SN IR Positive Negative Sensitivity Specificity Accuracy F (-) rate

patients identified (%) SN SN (%) (%) (%) (%)

CN  0.1~0.5 (suspension= 100 126 91 77 49 93.3 100 97 5.2
1 ml:50 mg)

MB  0.1~0.5 100 102 79 48 54 80.6 100 93 9.9

The CN and MB were injected peritumorally after mobilization of thyroid gland. *The total number of identified sentinel nodes
were 126 and 102 nodes in 100 patients of each group respectively. The author calculated sensitivity, specificity, accuracy, and
false negative rate based on this number. SLNB = sentinel lymph node biopsy; SN = sentinel node; SNIR = sentinel node
identification rate.
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lobectomy, SLNB was performed in the lateral neck nodes.
When metastasis detected in SLNs upon frozen biopsy, an
immediate MRND was performed. The SNIR was 63.8%.
SLNs metastasis was found in 19 patients (31.7%). This
clinically occult lateral metastasis was only related to the
total number of metastatic LNs in the central compartment.
We found SLNB a useful method for evaluating the occult
lateral neck LN status in patients with PTC, especially in the
cases of central neck node metastasis.

Tracing the lymphatic flow for blue dye uptake in lateral
cervical area is not easy. On the contrary, searching and
localization of the SLN with a radioisotope in the lateral
neck is easily accomplished with a gamma probe and
lymphoscintigraphy, even when the SLN is located in the
upper (level I or II) or contralateral neck.

SLNB has not yet found a place in the therapy for thyroid
cancer. Doherty(32) pointed out several reasons for this:
(1) sentinel node biopsy in the confined area of the neck is
technically challenging; (2) the most common node basin
for PTC metastasis is the level VI nodes, an area that has
already been exposed during thyroidectomy and can be
dissected with limited additional morbidity; (3) ultrasound
evaluation of the lateral neck is sensitive for identification
of non-palpable node metastases; and (4) lateral neck
recurrence is uncommon after effective adjuvant treat-
ment with radioiodine.

The issue of whether it is important to remove small
amounts of occult disease in lateral neck, or whether they
can be effectively managed by radioiodine therapy, will

require careful clinical study.(32)

POTENTIAL BENEFITS IN MTC

ATA guideline recommend that Medullary thyroid cancer
(MTC) patients with suspected limited local metastatic
disease to regional LN in the central compartment (with a
normal US examination of the lateral neck compartments),
in the setting of no distant metastases should typically
undergo a total thyroidectomy and level VI compartmental
dissection. A minority of the Task Force favored prophy-
lactic lateral neck dissection when LN metastases were

present in the adjacent paratracheal central compartment.

Grade: B Recommendation.(33)

MTC has a high rate of LN metastases that are sub-
optimally detected preoperatively in the central com-
partment by US or intra-operatively by the surgeon, and
re-operation is associated with a higher rate of surgical
complications. For these reasons, most authors advocate
for a total thyroidectomy and prophylactic central neck
dissection in the setting of MTC patients without advanced
local invasion or cervical node or distant metastases.
Because surgical modality plays a major role and issue on
prophylactic lateral neck dissection is still not settle down
in MTC, it is important to detect and treat occult nodal
diseases in lateral neck. In this context, the SLNB especially
with radioctive tracer technique may provide useful infor-

mation of occult lateral neck nodal diseases in MTC.
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