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   Abstract  

  This chapter evaluates the “state-of-the-art” 
application of sentinel lymph node (SLN) pro-
cedure in patients with thyroid carcinoma. All 
PubMed/Medline listed papers including the 
key words “sentinel lymph node biopsy” and 
“thyroid carcinoma” published until January 
2015 are taken into consideration. Both vital 
blue dye and radioisotope techniques are used 
in thyroid cancer patients and are discussed in 
this chapter. The SLN identifi cation rates 
ranged from 0 to 100 % for blue dye, 64 to 
100 % for radioisotopes, and 98 to 100 % for 
the combination of both techniques, 
respectively. 

 In conclusion, there is suffi cient evidence 
to propagate the increasing use of the SLN 
technique in thyroid cancer. If the SLN is 
shown to consistently and accurately predict 
regional lymph node metastasis, a con-
trolled randomized multicenter trial evaluat-
ing the effectiveness of this technique in 
patients with suspected or proven PTC is 
warranted.  
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12.1         Rationale for Sentinel Node 
in Thyroid Cancer 

12.1.1     The Concept of Sentinel 
Lymph Node (SLN) in Thyroid 
Cancer 

 Thyroid cancer is rare, but the most common 
endocrine malignancy [ 1 ,  2 ]. Differentiated thy-
roid cancer (DTC) accounts for over 90 % of thy-
roid malignancies and arises from thyroid 
follicular epithelial cells. DTC includes papillary 
thyroid carcinoma (PTC) and follicular thyroid 
carcinoma (FTC) with PTC representing more 
than 80 % of DTC [ 3 ]. Approximately 15 to 50% 
of patients with PTC have clinical evidence of 
cervical lymph node metastases at presentation, 
with up to 80% having micrometastatic disease. 
FTC represents about 20 % of DTC, and lymph 
node metastases are rare and metastatic disease 
mainly located in the liver and lungs; moreover, 
the metastatic spread happens usually by blood in 
FTC. FTC is typically diagnosed histopathologi-
cally, and not at cytology as for PTC. 

 Locoregional lymph node metastases of PTC 
are described to be associated with a worse prog-
nosis, and extensive resection can improve the 
outcome of these patients. Therefore, correct 
identifi cation of SLN involvement in PTS is cru-
cial and impacts patient treatment and survival. 

 The SLN concept in DTC has been developed 
as an alternative to elective lymph node dissection 
in patients with clinically node-negative disease 
and was considered as an accurate technique for 
obtaining information about cervical lymph node 
involvement in patients undergoing thyroidec-
tomy [ 4 – 6 ]. One of the complicating aspects in 
neck surgery and specifi cally in thyroid surgery is 
that the lymphatic drainage pathways are quite 
intricate [ 7 ]. The lymphatic vessels usually 
accompany blood vessels and nerves in directions 
that are not always predictable. The intrathyroid 
capillaries drain the lymphatic fl uid to the lym-
phatic vessels associated with the capsule, poten-
tially cross-communicating with the isthmus and 
the opposite lobe. Usually the superior lymphatic 
vessels drain the isthmus and the medial superior 
portion of the thyroid lobes, ascending in front of 
the larynx and terminating in the subdigastric 

lymph nodes of the internal jugular chain. The 
media inferior lymphatic vessels descend with the 
inferior vein to the pretracheal nodes. The lateral 
collecting vessels drain superiorly to the anterior 
and superior nodes of the internal jugular vein. 
Numerous classifi cations have been proposed to 
describe the location and the anatomic boundaries 
of lymph node groups in the neck. The most com-
monly used classifi cations are the ones of the 
American Joint Committee on Cancer (AJCC) 
and the American Society of Head and Neck 
Surgery (AHNS) [ 8 ,  9 ].  

12.1.2     Lymph Node Metastases 
in Papillary Thyroid 
Carcinoma (PTC) 

 Patients with PTC frequently have lymph node 
metastases at the time of initial diagnosis and less 
frequently during successive follow-up. Incidence 
of metastasis is reported to range between 15 and 
50 %, but microscopic metastases have been found 
in even up to 80 % of patients with PTC [ 10 ]. The 
thyroid gland has an extensive network of draining 
lymphatic vessels, both intraglandular and extrag-
landular [ 5 ,  9 ,  10 ]. Not surprisingly, the central 
neck compartment (level VI) is involved in approx-
imately 90 % of patients with metastatic PTC [ 10 , 
 11 ]; however, lateral and mediastinal compartment 
disease is also common [ 8 ,  9 ]. 

 The involvement of lateral lymph nodes varies 
between 51 and 100 % in different series, with the 
caudal compartments involved more frequently 
than the cranial compartments [ 12 ]. Supraclavicular 
lymph nodes are the third site involved in terms of 
frequency, with a reported rate ranging from 10 to 
52 % [ 11 ,  13 ]. Contralateral lymph node involve-
ment is not rare with an incidence of up to 18 % for 
PTC [ 13 ,  14 ]. Mediastinal lymph node involve-
ment, mostly the anterosuperior mediastinal lymph 
nodes, is less frequent at 1.9–15 % [ 11 – 13 ]. 

 The distribution of locoregional lymph node 
involvement is poorly correlated to the site of the 
primary thyroid tumour. Even when the tumour is 
located in the upper third of the thyroid lobes, the 
subdigastric lymph nodes are often involved. 
Tumours located in the isthmus may cause bilateral 
cervical metastases with major risk of nodal recur-
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rence on the contralateral neck side. The size of the 
primary tumour seems to have some importance: 
lymph node metastases in PTC <10 mm are usually 
found in the paratracheal area and rarely in the 
jugular nodes [ 8 ,  9 ]. It is important to mention that 
the reported incidence of regional lymphatic metas-
tases identifi ed in PTC patients varies according to 
the extent of nodal dissection performed [ 5 ,  15 ].  

12.1.3     Prognostic Signifi cance 
of Lymph Node Metastases 
in PTC 

 Surgical treatment is considered as the most 
effective therapy for patients with PTC. It remains 
controversial whether a prophylactic lymph node 
dissection improves the prognosis of PTC 
patients and whether the lymph node status pre-
dicts patient survival in PTC [ 4 ,  7 ,  10 – 13 ,  15 ]. 
Locoregional lymph node metastases of PTC are 
characterized by a worse prognosis, and exten-
sive resection can improve the outcome of these 
patients. Some authors reported that nodal 
involvement has little infl uence on long-term sur-
vival of PTC patients, which is in contrast with 
other reports that found the presence of cervical 
lymph node metastases related to a worse prog-
nosis due to an increased prevalence of locore-
gional recurrences; moreover, the fi nding of 
extracapsular invasion of lymph node metastases 
has been reported to be an indicator for the 
 development of distant metastases and poor 
 outcome [ 16 ,  17 ].  

12.1.4     Surgical Techniques 
for Staging Neck in PTC 

 Currently, the extent of lymph node dissection is 
based predominantly on the histological type, 
stage of the primary tumour and the preoperative 
knowledge of lymph node involvement [ 18 ,  19 ]. 
In the presence of gross lymph node involve-
ment, there is no debate about the need and prog-
nostic benefi t of a neck dissection in addition to 
total thyroidectomy. On the other hand, the man-
agement of a clinical N0 status node is generally 
much more conservative [ 4 – 7 ,  15 ]. 

 In the absence of evidence favoring of routine pro-
phylactic neck dissection, some surgeons perform 
“node picking”; while others perform lymphadenec-
tomy of the ipsilateral central compartments. A more 
aggressive approach of routine prophylactic neck dis-
section has been suggested by some surgeons for 
PTC clinically lymph node negative patients second-
ary to the known high rate of occult micrometastatic 
disease in up to 80% of such PTC patients and the 
higher rate of locoregional recurrence  of such 
patients who did not previously undergo routine pro-
phylactic neck dissection [ 4 – 7 ,  15 ]. However, a gen-
eral dissection of the central compartment may cause 
complications such as a damaged recurrent laryngeal 
nerve or higher hypoparathyroidism rates [ 7 ] and 
leads to overtreatment in patients with negative 
lymph nodes. The SLN procedure can avoid unnec-
essary lymph node dissection and reduce morbidity 
[ 7 ], identifying PTC patients with positive lymph 
nodes even if non-palpable or with a negative ultra-
sound (US) from true negative patients.   

12.2     Methods of Sentinel Lymph 
Node Biopsy in PTC 

12.2.1     Vital Blue Dye Technique 

 Early attempts of thyroid cromo- lymphoscintigraphy 
employed chlorophyll and Lipiodol UF in DTC, 
demonstrating the feasibility of the “sentinel lymph 
node concept” by showing coloured nodes to har-
bour metastasis [ 7 ]. Several studies have evaluated 
the vital blue dye technique for identifi cation of the 
SLN in PTC [ 20 – 45 ] (Table  12.1 ).

   At the time of surgery, the vital blue dye is 
injected intratumorally or around the tumour 
using a tuberculin syringe (Fig.  12.1 ). It is 
important not to mobilize the thyroid gland 
before blue dye injection to secure intact lym-
phatic drainage. The blue dye can usually be 
seen within seconds, sometimes only after 
1–2 min, passing through lymphatic vessels 
towards the SLN (Fig.  12.2 ). Blue-stained 
lymph nodes are then resected with extreme 
caution to avoid accidental removal of parathy-
roid glands that can also be blue coloured. 
After removal, the SLNs are submitted to his-
topathology for frozen section analysis. 

12 Radioguided Sentinel Lymph Node Mapping and Biopsy in Thyroid Cancer 
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Disadvantages of the vital blue dye technique 
include the following: (1) risk of disruption 
and interruption of the lymphatic channels 
from the nodule, (2) diffi culties in identifying 
SLN lying outside the central compartment; 
(3) need to identify the parathyroid glands 
prior to injection as they also take up the blue 
dye and (4) the technique is sometimes diffi -
cult and requires experience.

12.2.2         Lymphoscintigraphy 
and Intraoperative Gamma 
Probe Technique 

 To overcome some of these drawbacks, the use 
of preoperative lymphoscintigraphy with 

radiocolloids and intraoperative gamma probe 
detection was introduced (Table  12.2 ). 
Lymphoscintigraphy is an excellent method to 
visualize the lymphatic pathways and the 
SLN. It offers numerous  important advantages 
compared to the vital blue dye technique: (1) 
preoperative injection of radiopharmaceutical 
eliminates risk of lymphatic disruption during 
operation, (2) it allows identifi cation of SLN 
located outside the central compartment and 
(3) there is no physiological uptake in the para-
thyroid glands.

   Current techniques use intranodular injection 
of 15–37 MBq  99m Tc nanocolloid particles (par-
ticle size 20–80 nm) in a volume of 0.1–0.5 ml of 
saline. US-guided injection of the radionuclide is 
useful in small nodules located deep in the thy-
roid lobe (Fig.  12.3 ). Peritumoral injection should 
be avoided because of the high density of blood 
vessels in the thyroid gland with the risk of radio-
colloid spillage outside the gland. Lymphatic 
drainage from the thyroid gland is visualized by 
dynamic images (1 frame per 15s, 64 × 64 matrix) 
in the anteroposterior projection for up to 10 min 
after injection. Longer acquisition times have 
been proposed (Fig.  12.4 ). Additional 5-min 
static images in anterior, lateral, and oblique 
views are usually obtained (256 × 256 matrix) for 
up to 1–3 h post injection or until adequate accu-
mulation of the radiocolloid in the SLN is 
obtained. Surface localization of the SLN is 
marked with a water-resistant dye.

    After a variable time interval (2–24 h), the 
patient is taken to the operating room for a total 
or near-total thyroidectomy. Following the 
removal of the thyroid tissue, a handheld colli-
mated gamma probe is used to scan the central 
compartments (through the incision) and the lat-
eral compartments (through skin surface) for 
“radioactive” lymph nodes (Fig.  12.5 ). SLN 
detection has been reported to be feasible up to 
24 h post injection. A lesion-to-background ratio 
of 2:1 or greater is signifi cant for SLN 
 identifi cation, although a smaller threshold level 
of 10 or 20 % is acceptable in breast cancer and 
melanoma.

   The SLN(s) is (are) selectively excised, and 
the activity of the lymphatic bed is monitored 

  Fig. 12.1    The intranodular injection of vital blue dye at 
surgery       

  Fig. 12.2    The evidence of the lymphatic drainage by the 
vital blue dye at surgery       
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with the handheld gamma probe to verify com-
pleteness of surgical removal (Fig.  12.6 ). It is 
important to emphasize that the thyroidectomy 
must precede SLN detection to avoid interference 
from radioactivity in the primary tumour. Finally, 
the SLN(s) is (are) sent for histopathology to 
screen for occult metastasis.

12.2.3        Combination of Vital Blue Dye 
and Lymphoscintigraphy 
and Intraoperative Gamma 
Probe Techniques 

 The combination of vital blue dye, lymphoscin-
tigraphy, and intraoperative gamma probe tech-
niques was described fi rst in 2001 by Catarci 
et al. in 6 PTC patients (Table  12.3 ) [ 58 ]. They 
performed an intratumoral injection of 0.1 ml 
 99m Tc-labelled colloidal albumin to visualize the 
SLN 2 h prior to surgery. At surgery, 0.1 ml per 
cm tumour diameter of Blue Patent V (2.5 %) 
was injected directly into the tumour, identifi ed 
without dividing any structure in order to pre-
serve the lymphatic drainage.

   The SLN was identified by the flow and 
accumulation of the blue dye and the handheld 
gamma detection probe. SLN(s) was (were) 
correctly identified in all cases, suggesting 
that these techniques have a complementary 
role.   

  Fig. 12.3    The ultrasound-guided intranodular injection 
of  99m Tc nanocolloid before surgery       

A

B

  Fig. 12.4    An image at lymphoscintigraphy.  A : the injec-
tion site,  B : the SLN       

  Fig. 12.5    The localization of the SLN at surgery       

  Fig. 12.6    After the SLN is excised, the activity of the 
lymphatic bed is monitored with the probe to verify com-
pleteness of surgical extirpation       
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12.3     Summary of Available 
Studies 

12.3.1     Data Collection 

 A PUBMED search was performed on 20 January 
2015 for the MeSH headings “sentinel lymph 
node biopsy” and “thyroid carcinoma”. All origi-
nal articles (retrospective and prospective) that 
examined the SLN techniques in human thyroid 
carcinoma were reviewed. The full text versions 
of the studies were obtained for further detailed 
evaluation. 

 Articles were subdivided depending on the 
technique used for SLN detection: group 1 
included articles describing the vital blue dye 
technique, group 2 consisted of articles evaluat-
ing lymphoscintigraphy with radioisotopes and 
group 3 contained manuscripts involving both 
techniques for SLN detection. Extracted data 
included number of patients; preoperative diag-
nosis; postoperative diagnosis; SLN technique, in 
particular use of vital blue dye, isotope or both; 
volume and concentration; site of injection; time 
of injection; SLN detection rate; and metastatic 
SLN rate. 

 Reviews and letters were excluded [ 7 ,  59 – 63 ]. 
To avoid duplication of patient data in this chap-
ter, multiple articles from the same authors and 
institutions were evaluated carefully for possible 
duplication. If this was thought likely, only the 
most recent article was included. Moreover, we 
excluded the studies of Saliba et al. and Maniakas 
et al. [ 64 ,  65 ] as they did not report the SLN 
technique. 

 Saliba et al. performed a retrospective chart 
review of 96 low-risk PTC patients who under-
went a total thyroidectomy including SLN proce-
dure. Patients with a negative SLN had a 
signifi cantly lower postoperative thyroglobulin 
(Tg) level [ 64 ]. Maniakas et al. included 311 
patients undergoing a total thyroidectomy and 
SLN biopsy for well-differentiated thyroid carci-
noma in their retrospective chart review. Younger 
age (<45 years) and higher T category were 
found to be associated with a higher rate of posi-
tive SLNs [ 65 ].  

12.3.2     Results of Studies 

 A total of 41 articles about SLN detection in thy-
roid carcinoma provided valuable information. 
Twenty-six studies reported on vital blue dye, 12 
on SLN detection with radioisotopes and 3 on a 
combination of both techniques. The correspond-
ing studies are summarized in Tables  12.1 ,  12.2 , 
and  12.3  accordingly. 

12.3.2.1     Vital Blue Dye Technique 
 In the 26 studies [ 20 – 45 ] evaluating vital dye for 
SLN detection, the patient number ranged 
between 9 [ 29 ] and 300 [ 43 ]. Further information 
including the preoperatively suspected diagnosis, 
the type of vital blue dye employed, the injected 
volume and injection technique are displayed in 
Table  12.1 . The SLN was successfully visualized 
in a range between 0 % [ 29 ] and 100 % [ 20 ]. The 
SLN was positive for metastases in a range 
between 14 % [ 43 ] and 86 % [ 44 ].  

12.3.2.2     Lymphoscintigraphy 
and Intraoperative Gamma 
Probe Technique 

 Table  12.2  summarizes the studies employing 
radioisotope-guided SLN technique [ 15 ,  42 ,  46 –
 57 ] displaying in more detail the number of 
patients studied, the preoperative diagnosis and 
injection techniques. The SLN was successfully 
detected in a range of 64 % [ 51 ] to 100 % [ 15 , 
 46 – 49 ,  56 ,  57 ] with corresponding detection 
rates of 64–100 % for intratumoral injection and 
91–100 % for peritumoral injection, respectively. 
The identifi ed SLN was positive for tumour cells 
in a range of 16 % [ 55 ] to 100 % [ 47 ].  

12.3.2.3     Combination of Vital Blue Dye 
and Lymphoscintigraphy/
Intraoperative Gamma 
Probe Techniques 

 Only three studies were reported on the com-
bined use of vital blue dye and lymphoscintigra-
phy/intraoperative gamma probe techniques for 
SLN detection in thyroid carcinoma [ 34 ,  38 ,  58 ]. 
Corresponding patient numbers, preoperative 
diagnosis, the type of vital blue dye employed as 
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well as injection technique and volumes are sum-
marized in Table  12.3 . In all three studies, the 
detection rate of the SLN was very high with 
98 % [ 34 ] and 100 % [ 38 ,  58 ], respectively. 
Percentage of tumour-positive SLNs ranged 
between 50 % [ 34 ] and 67 % [ 58 ].    

12.4     Current Status of Sentinel 
Lymph Node in Thyroid 
Cancer 

 The SLN technique is well standardized in 
melanoma and breast cancer, providing impor-
tant information for patient treatment [ 7 ,  59 ]. 
The application of the SLN technique in DTC 
was fi rst proposed 17 years ago by Kelemen 
et al. [ 20 ]. Since then the value of SLN in thy-
roid cancer including indications, benefi ts and 
limitations has been controversially discussed 
[ 59 ,  60 ]. Identifi cation of the SLN is of partic-
ular value in PTC, as this tumour predomi-
nantly metastasizes lymphogenous, in contrast 
to the predominantly hematogeneous dissemi-
nation of FTC. Identifi cation and resection of 
the SLN allow for the detection of microscopic 
metastatic disease, thus potentially reducing 
patient morbidity by avoiding unnecessary 
complete nodal dissection [ 59 – 63 ]. A topic of 
controversy is the prognostic signifi cance of 
lymph node involvement in PTC and therefore 
whether accurate SLN detection is worthwhile 
and also questioning the indication of prophy-
lactic lymphadenectomy of the central neck 
compartment [ 60 – 62 ]. 

 SLN detection can be performed using vital 
blue dye, radioisotope-based lymphoscintigra-
phy and gamma probe detection as well as by the 
combined use of both techniques. Various studies 
reported in the literature have shown the isotopic 
procedure to be more precise (95–100 %) for 
SLN localization compared to vital blue dye (80–
90 %); however, the isotopic procedure also has 
detractors [ 59 – 62 ]. In respect to feasibility and 
accuracy, preoperative lymphoscintigraphy and 
intraoperative gamma probe offer important 
advantages over the vital blue dye technique: (i)

the injection of the radiopharmaceutical is done 
preoperatively, therefore eliminating disruption 
of the lymphatic vessels during the initial dissec-
tion; (ii) the use of the radiolabelled material per-
mits to disclose the SLN that lies outside the 
central compartment; and (iii) there is no false-
positive staining of the parathyroid glands. After 
identifi cation, SLNs are selectively excised, and 
the activity of the lymphatic bed is assessed with 
the handheld gamma probe to verify background 
activity only within the resection bed after com-
pletion of the SLN biopsy procedure. Some 
authors have suggested that a combination of 
both procedures provides an even better yield 
[ 34 ,  38 ,  58 ]. 

 Non-visualization of the lymphatics and of the 
SLN has been described for both techniques [ 59 –
 63 ]. Potential explanations include lymphatic 
disruption during resection of the thyroid nodule, 
blockage of lymphatics by tumour or lymphatics, 
leading to a non-accessible site such as a retro- 
oesophageal or retrothyroid location. SLNs may 
occasionally be located in areas that are relatively 
inaccessible via a collar incision; this has been 
reported for both the radioisotope and the blue 
dye techniques [ 34 ,  38 ,  58 ]. Specifi c for the 
radioisotope technique is the requirement to 
remove the thyroid gland before identifi cation of 
the SLN, because of the so-called “shine- 
through” effect. This is due to the close proximity 
of the central neck compartment lymph nodes to 
the thyroid nodes to the thyroid nodule where the 
radioisotope is injected. 

 The “shine-through” effect is especially prob-
lematic in the central neck compartment where 
the lymph nodes are located in close proximity to 
the thyroid. The “shine-through” phenomenon is 
also well known from SLN biopsy in oral cancers 
with reduced identifi cation rates in fl oor of the 
mouth tumours due to the location of the SLNs in 
close vicinity of the injection site [ 66 ,  67 ]. 
Therefore, hybrid tracers [ 68 ], more specifi c 
radioactive tracers [ 69 ], intraoperative gamma 
cameras [ 70 ], and intraoperative 3D imaging [ 71 ] 
have been investigated and a multimodality 
approach, including preoperative hybrid imaging 
(SPECT/CT), has been  proposed [ 72 ]. No cor-
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responding studies are so far available for DTC, 
but these new approaches may also solve the 
“shine-through” problem in thyroid cancer. A 
limitation of the radioactive technique is the fact 
that in the majority of countries, the intraopera-
tive use of radioactivity requires the existence of 
a Nuclear Medicine Unit and/or the presence of a 
nuclear medicine physician at surgery. 

 This chapter demonstrates that there is suffi -
cient preliminary evidence to suggest the more 
rigorous use of the SLN technique in thyroid can-
cer. The utilization of SLN biopsy for PTC 
patients allows one to identify lymph node metas-
tases more readily than based upon preoperative 
clinical exam [ 59 – 63 ]. Therefore, a controlled, 
randomized clinical trial evaluating the effi cacy 
of SLN biopsy for identifying lymph node metas-
tases in PTC patients and its resultant impact on 
management and long-term patient outcome 
seems warranted.     

  Confl ict of Interest Statement   The authors declare no 
confl ict of interest with the present chapter.  
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