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Abstract

Background: The prognostic significance of lymph node metastases (LNM) in follicle cell-derived
differentiated thyroid carcinoma (DTC) is still controversial. The management of cervical lymph
nodes varies from “berry picking” to modified radical neck dissection (MRND). The incidence of
LNM in papillary thyroid carcinoma varies from 27% to 80%. The importance of sentinel lymph
node (SLN) biopsy for decisions about the surgical management of lymph nodes in DTC has been
the subject of several previous studies.

Patients and Methods: In 40 patients with DTC methylene blue dye was applied peritumorally.
Both SLN and non-SLN in the lower third of the jugulo-carotid chain were dissected prior to total
thyroidectomy and routine dissection of the central neck compartment and examined by frozen-
section and standard histology. MRND was performed in 9 cases of LNM in the lateral neck
compartment.

Results: The SLN identification rate was 92.5%. Metastases in SLNs were revealed by frozen-
section histology in 7 cases, leading to immediate MRND. The findings were confirmed on
standard HE examination. 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%.

Conclusion: Our results seem to imply that SLN biopsy in the jugulo-carotid chain using methylene
blue dye mapping may be a feasible and valuable method for estimating lymph node status in the
lateral neck compartment. It may be helpful in the detection of true-positive but nonpalpable lymph
nodes, and in such cases may support the decision to perform MRND in patients with DTC.

he prognostic value of lymph node metastases
(LNM) in differentiated thyroid carcinoma (DTC) is
still controversial. Large retrospective studies have ana-
lyzed the prognostic influence of LNM. Some have shown
that LNM are not associated with a decrease in sur-
vival."? Other studies indicate that LNM increases the
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risk of locoregional relapse and may influence cancer-
specific survival in some patients with papillary carci-
noma.®™®

The reported incidence of LNM without evidence of
gross cervical lymph node involvement in papillary thyroid
carcinoma varies from 27% to more than 80%.%~'? Such
differences in the incidence of LNM are the result of dif-
ferent approaches in the management of neck lymph
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nodes, which vary from “berry picking” to elective modi-
fied radical neck dissections (MRND). Although the
management of neck lymph nodes has not always been
standardized, it is generally recommended that in the
presence of metastatic nodes the operative procedure
should comprise MRND. '3

The concept of sentinel lymph nodes (SLN) as the
first node(s) to receive drainage from a tumor was intro-
duced by Ramon Cabanas'* and later well established in
skin melanoma’® and breast cancer.'®'” Controversies in
the surgical management of lymph nodes in DTC, have
led some authors to propose that SLN should be sampled
in patients with thyroid cancer to support the decision
whether to perform lymph node dissection or not. The
technique is feasible and safe and may be used to select
patients with true positive lymph nodes for selective
lymph node dissection.®2*

Considering the results of previous studies of SLN
biopsy in DTC, the objective of this study was to deter-
mine whether SLN biopsy of the first draining node(s) in
the jugulo-carotid chain is an accurate technique to select
patients with true-positive but nonpalpable lymph nodes
for selective MRND.

PATIENTS AND METHODS

From January 2001 to February 2004, 40 patients with
DTC underwent SLN biopsy in the lower jugulo-carotid
chain. Preoperatively, all patients had clinical examina-
tion for suspicious thyroid tumors, ultrasonography of the
neck and abdomen, fine needle aspiration biopsy, Tc99m
scintigraphy of the neck, chest X-ray, and blood tests of
thyroid hormones, thyrotrophin (TSH), serum thyroglob-
ulin, and anti-thyroglobulin antibody levels. All patients
signed an informed consent form. Patients with intrathy-
roid tumors and clinically non-enlarged lymph nodes (NO)
were included in the study. Patients with locally invasive
tumors (pT4), gross LNM in the neck, initial distant
metastases, and with a history of allergic reactions to
drugs were excluded.

The median age at diagnosis was 42 years (range 23—
57), and there were 30 women and 10 men.

Detailed Surgical Procedure

The skin incision for thyroidectomy was made hori-
zontally, 2 cm above the jugular notch. After preparing
the myocutaneous flaps, the infrahyoid muscles were
divided in the midline and separated, laterally from the
thyroid gland. Before mobilization of the gland, approxi-
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mately 0.2 ml of 1% methylene blue dye was injected
peritumorally with a 27-gauge needle. In cases of bilateral
tumors dye was injected into both lobes. No structures
had been cut so far. Immediately after the lobe was
stained, connective tissue between the sternohyoid and
sternocleidomastoid muscles was sharply divided and the
internal jugular vein exposed looking for the blue-stained
lymphatic vessels and lymph nodes in the jugulo-carotid
chain. After approximately 10 minutes the dissection was
continued above and beyond the omohyoid muscle, to-
ward the internal jugular vein and common carotid artery
until the blue-stained lymph nodes were found and rec-
ognized as SLNs. If there were no stained nodes, the first
node closest to the afferently stained lymphatic vessel
was considered to be the SLN. An extended dissection of
the surrounding non-SLNs above and beyond the omo-
hyoid muscle was performed. In cases of multifocal,
bilateral tumors the procedure was conducted on both
sides. All dissected nodes were examined by frozen
section and conventional (hematoxylin eosin [HE]) histo-
pathological examination. If any of the nodes were posi-
tive on the frozen section, MRND was performed in the
same operation after total thyroidectomy and dissection
of the central neck compartment. In 2 false-negative
cases of SLNs (negative findings on frozen-section
examination but positive on conventional histopathologi-
cal examination) after HE staining, and immunohisto-
chemistry for thyroglobulin (anti-thyroglobulin antibody;
DAKO, Copenhagen, Denmark; dilution 1:100; visualiza-
tion LSAB+), MRND was performed as a reoperative
procedure after 1 week.

After SLN biopsy, total thyroidectomy with dissection of
the central neck compartment and clearance of pretrac-
heal and paratracheal nodes was routinely performed.
Prior to total thyroidectomy, all parathyroid glands were
preserved on venous-arterial stalks and both recurrent
laryngeal nerves were identified and followed to the en-
trance into the larynx. All thyroid glands and lymph node
specimens were sent for conventional histopathological
examination. There were no complications after surgery.

RESULTS

Among the 40 patients with DTC, papillary carcinoma
was found in 34, Hurthle cell carcinoma in 5, and follicular
carcinoma in 1 patient. Median tumor size was 15 mm.
Fifteen patients had tumors less than 10 mm in diameter
(pT1, microcarcinoma), 21 had tumors measuring 11—
40 mm (pT2) and 4 patients had tumors greater than
40 mm in diameter (pT3). In 25 cases thyroid tumors
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Table 1.
Characteristics of the patients, tumor features, and surgical
procedures
Characteristics Number of patients

Gender (female:male) 30:10
Histological type of DTC

Papillary carcinoma 34

Follicular carcinoma 1

Hurthle cell carcinoma 5
Tumor size (mm)

<10 (pT1) 15

10-40 (pT2) 21

>40 (pT3) 4
Localization

Lobe 23

Isthmus 2

Multifocal 15
Surgical procedure

Total thyroidectomy 40
Dissection of central neck 40

compartment
SLN biopsy of ipsilateral 37
lower jugulo-carotid chain
MRND 9

DTC: differentiated thyroid carcinoma; SLN: sentinel lymph
node; MRND: modified radical neck dissection.

were solitary, while multifocality was found in 15 cases.
Tumor localization was as follows: in 1 lobe—23, in the
isthmus—2, and multifocal in 15 cases (Table 1).

Identification and biopsy of blue-stained SLN in the
ipsilateral jugulo-carotid chain was successful in 37 out of
40 cases. The identification rate (IR) of SLN was 92.5%.
The median number of SNLs per draining area was 3
(mean 3.2).

In 7 cases, frozen section analysis of SLNs revealed
metastases of the papillary thyroid carcinoma. The
average number of LNM per draining area was 2.1. In all
7 cases metastases were also verified by conventional
histopathology (HE staining). Metastases were also found
in non-SLNs, obtained by MRBRND. In 2 cases out of 15
multifocal papillary carcinomas, we found bilateral jugulo-
carotid LNM, and bilateral MRND was carried out after
total thyroidectomy and dissection of the central neck
compartment.

In 33 cases, SLNs were negative for metastases on
frozen section examination. In 2 of these cases with
papillary carcinoma, micrometastases in SLNs were re-
vealed by conventional histopathology (HE staining) as
well as immunohistochemical staining with anti-thyro-
globulin antibody. In these patients metastases were re-
vealed in 2 out of 4 SLNs in 1 patient, and in 1 out of 3
SLNs in the other patient. Further analysis revealed no
metastases in other jugulo-carotid SLNs and non-SLNs
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Table 2.
Accuracy of the method

Results Number Percentage
Identification rate 37/40 92.5
Sensitivity 7/9 77.7
Specificity 31/31 100
Negative predictive value 31/33 94
Positive predictive value 717 100
Accuracy 38/40 95

obtained during the same operation. The findings indicate
a rate of 6% false-negative results for the detection of
micrometastases if nodes were initially negative for
metastases on frozen section analysis.

In this study LNM in the lateral neck compartment were
detected in 9 out of 40 patients with papillary thyroid
carcinoma. In all cases therapeutic MRND was per-
formed following total thyroidectomy with routine dissec-
tion of the central neck compartment. In 7 cases, which
were positive on frozen section analysis, MRND was
performed during the first operation, while in 2 false-
negative cases, MBND was performed after 1 week
when results of a conventional histopathological exami-
nation were available. In 5 cases of Hirthle cell carci-
noma and in 1 follicular carcinoma we found no LNM in
any of the dissected lymph nodes.

We found the IR of 92.5% (37 out of 40), with specificity
(Sp) of 100% (31 out of 31) and sensitivity (Se) of 77.7%
(7 out of 9). Negative predictive value (NPV) was 94% (31
out of 33), and positive predictive value (PPV) was 100%
(7 out of 7), while overall accuracy of the method was
95% (38 out of 40; Table 2).

DISCUSSION

Surgery remains the therapy of choice for DTC in order
to eradicate all tumor foci, and thereby reduce recurrence
and mortality rates, facilitate postoperative 1'®' therapy,
improve sensitivity of serum thyroglobulin measurement,
and provide good quality of life. However, the extent of
surgery has been a matter of discussion and should be
dictated by stage of disease and prognostic factors.

Most authors suggested total or near total thyroidec-
tomy for the majority of patients with DTC."*'"12 Cady?
claimed that younger patients with favorable prognostic
factors may require only ipsilateral lobectomy.

Large retrospective studies have analyzed the prog-
nostic influence of LNM. Some have shown that LNM are
not associated with a decrease in survival and doubt the
clinical significance of occult nodal disease.'? Other re-
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ports have shown that LNM have been associated with
increased locoregional recurrence rates and may predict
systemic disease and decreased survival in some pa-
tients with papillary carcinoma.®™®

Recommendations on the management of neck lymph
nodes in patients with DTC have varied from simple
removal of palpably enlarged nodes to routine central
compartment dissection and elective MRND. But there is
no consensus on the management of nonpalpable lymph
nodes. In patients with papillary thyroid carcinoma the
incidence of preoperatively and intraoperatively detected
enlarged lymph nodes (27%—45%) has been markedly
lower than the incidence of histologically confirmed LNM
revealed by routine bilateral neck dissection, which has
been as high as 80% in adults and 90% in children.®'2
Approximately the same incidence of Ilymph node
involvement has been revealed in central and lateral neck
compartments,® and as many as 10%—24% of cases have
had bilateral involvement.?® It has been shown that
metastases in the lower third of the jugulo-carotid chain
have a high predictive value (over 80%) for metastases in
the upper two-thirds of the chain and for such cases with
a high risk of nodal recurrence, some authors suggest
routine, even bilateral MRND. %2728

Considering these controversies, some authors have
proposed to perform SLN biopsy in patients with DTC.

Therefore, different methods of lymphatic mapping (blue
dye, radiocolloid) have been used so far. Kelemen and
colleagues first applied the concept of SLN in 17 thyroid
malignancies using patent blue V vital dye. The identifica-
tion ratio was 88.2%, due to two retrosternal localized SLN,
and false-negative cases constituted 8%.'® Fukui and
coworkers analyzed the methylene blue staining of SLN in
22 patients with papillary thyroid carcinoma. IR was 95.5%,
with 14.3% false-negative investigations. The authors re-
ported that the sensitivity of the method was 77.8%, the Sp
100%, the NPV 90.4%, while the PPV was 100%, with an
overall accuracy of the method of 86.3%.'°

Arch-Ferrer et al. tested the method of isosulfan blue
dye staining in 22 patients with PTC. The authors found
an IR of 91%, with a false-negative proportion of 25% and
Sp 100%, Se 71%, NPV 37%, and PPV 100%. Using
immunohistochemistry for cytokeratin-7 (CK-7; DAKO) all
values reached 100%, and the authors suggested that all
SLN, which were negative on frozen section using the HE
method, should be examined with immunohistochemistry
for CK-7 intraoperatively.?°

Catarci and coworkers performed a combined tech-
nique of SLN mapping in 6 cases of PTC. The overall IR
using vital dye (patent blue V), preoperative lympho-
scintigraphy (99mTc-labeled colloidal albumin), and in-
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traoperative hand-held gamma probe detection was
100%, while IR was 66%, 50%, and 83% for each of the
methods respectively.?’

In a recent study, Takami et al.?® showed that SLN
nodes were identified in 63 of 68 patients (92.6%)
investigated with the use of isosulfan blue dye. There was
concordance between the SLN status and the final re-
gional lymph node status in 58 of the 63 patients (92.1%).
There were 5 false-negative cases. SLN biopsy had a Se
of 87.5% (35 out of 40), Sp of 100% (23 out of 23), PPV of
100% (35 out of 35), NPV of 82.1% (23 out of 28), and
accuracy of 92.1% (58 out of 63). Similar results have
been shown by Tsugawa et al.,>®> who concluded that the
SLN biopsy was available on detection of nonpalpable
nodal metastases, underlining the need for further expe-
rience and refinement.

In a critical review, Wiseman et al.?® summarized the
results of several studies and found that the average rate
of SLN identification was 91% (66%—100%) and when
identified, the SLN accurately predicted the disease sta-
tus of the neck in most patients (80%—100%).

Overall, the previous studies have shown that stained
SLNs were found in the central or lateral neck compart-
ments, or both. Taking into consideration these findings,
our study was designed to trace the blue-stained nodes in
the jugulo-carotid chain in respect of the fact that we
routinely perform dissection of the central neck com-
partment in cases of DTC. The SLN biopsy was per-
formed approximately 10 minutes after the injection of
blue dye, while the color flowed into the jugulo-carotid
lymph nodes.

In our study we used 1% methylene blue dye for in-
traoperative lymphatic mapping in 40 cases of DTC. IR
was 92.5% with a false-negative rate of 6% (2 out of 33).
The Sp of the method was 100%, the Se 77.7%, the NPV
was 94% (31 out of 33), and the PPV 100% (7 out of 7),
while overall accuracy was 95% (38 out of 40). However,
the accuracy of detection of SLN in the central neck
compartment was not evaluated since we routinely per-
form total thyroidectomy with central compartment dis-
section in patients with DTC.

When using methylene blue instead of Patent blue V,
we took into consideration the lower incidence of perop-
erative allergic reactions as well as the lower price.%°3

At the time of dissection the majority of nodes in the
central neck compartment were stained blue. This was
helpful for more precise visualization of lymph nodes and
also simplified discrimination from parathyroid glands.
Nevertheless, Dixon et al.?* reported staining of previ-
ously identified parathyroid gland in 1 out of 40 cases of
SLN biopsy.
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The results indicate that immunohistochemical staining
with anti-thyroglobulin antibodies may increase the sen-
sitivity for detection of LNM. This is required only when
micrometastases are suspected on HE staining.

CONCLUSIONS

According to previous data, the status of the lower
jugulo-carotid lymph nodes significantly predicts the sta-
tus in the upper two-thirds of the chain. Our results imply
that SLN biopsy in the lower jugulo-carotid chain using
methylene blue dye mapping is a feasible, safe, and
accurate method of estimating lymph node status in the
lateral neck compartment. The method may be helpful in
the detection of true-positive but nonpalpable lymph
nodes and may support a decision to perform a selective
MRND in patients with DTC.
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