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99Tc nanocolloid sentinel node procedure 
in papillary thyroid carcinoma: 
our mono-institutional experience 
on a large series of patients
La tecnica del linfonodo sentinella con 99Tc-nanocolloide nel carcinoma papillare 
della tiroide: la nostra esperienza monoistituzionale
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SUMMARY

The sentinel lymph node was defi ned as the fi rst lymph node to receive drainage from a primary cancer. The aims of this study were to 
investigate the effi cacy of radiocolloid lymphoscintigraphy and of the hand-held gamma probe procedure for sentinel lymph node biopsy in 
papillary thyroid carcinoma and to evaluate these results in clinical staging. A total of 99 consecutive papillary thyroid carcinoma patients 
entered the study. Patients underwent radiocolloid lymphoscintigraphy before surgery. Intra-operative sentinel lymph node localization 
was performed using a hand-held gamma probe. Patients were observed at follow-up at 2 and 6 months and, thereafter, yearly. Sequential 
lymphoscintigraphy was able to identify at least one sentinel lymph node in 98/99 cases (99%), using intra-operative hand-held gamma 
probe, the surgeon was able to detect at least one sentinel lymph node in all cases. Sentinel lymph node metastases were diagnosed in 49%. 
Overall, 79 patients underwent ablative 131I therapy. The median value of thyroglobulin in N0 vs. N1 patients was 1 ng/ml vs. 1.9 ng/ml 
(p = 0.03) and 0.2 ng/ml vs. 1 ng/ml (p = 0.001) before and after 131I therapy, respectively. The pre-operative lymphoscintigraphy and the 
intra-operative gamma probe offer signifi cant advantages over the vital dye technique, described in our previous experience. The rate of 
nodal involvement (49%) is very high considering that no patients had clinically palpable nodes or suspected at echography. 131I whole body 
scan and thyroglobulin measurements confi rmed sentinel lymph node in papillary thyroid carcinoma as a reliable procedure. In patients 
classifi ed N0, by sentinel lymph node biopsy, ablative 131I therapy could be avoided.
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RIASSUNTO

Il linfonodo sentinella è stato defi nito come il primo linfonodo che riceve il drenaggio linfatico dal tumore primitivo. Gli obiettivi di questo 
studio sono stati indagare l’effi cacia della procedura mediante linfoscintigrafi a preoperatoria con radio colloide e sonda gamma manuale 
intraoperatoria per la ricerca del linfonodo sentinella nel carcinoma papillare della tiroide e valutare i risultati nella stadiazione clinica. 
Novantanove pazienti consecutivi affetti da carcinoma papillare della tiroide sono stati arruolati in questo studio. I pazienti sono stati 
sottoposti a linfoscintigrafi a con radio colloide prima dell’intervento chirurgico. La localizzazione intraoperatoria del linfonodo sentinella 
è stata realizzata utilizzando una sonda gamma manuale. I pazienti sono stati seguiti nel follow-up a 2, 6 mesi e in seguito annualmente. Il 
linfonodo sentinella è stato individuato in 98/99 casi (99%) mediante linfoscintigrafi a e in tutti i casi mediante la sonda manuale intraope-
ratoria. Metastasi linfonodali del linfonodo sentinella sono state individuate nel 49% dei casi. Settantanove pazienti sono stati sottoposti a 
terapia ablativa con 131I. Il valore mediano della tireoglobulina nei pazienti N0 vs. N1 è risultato pari a 1 ng/ml vs. 1,9 ng/ml (p = 0,003) e 
0,2 ng/ml vs. 1 ng/ml (p = 0,001) rispettivamente prima e dopo la terapia con 131I. La ricerca del linfonodo sentinella mediante linfoscin-
tigrafi a preoperatoria e gamma camera intraoperatoria offrono signifi cativi vantaggi rispetto alla tecnica con il colorante vitale, descritta 
nella nostra precedente esperienza. La percentuale di metastasi linfonodali pari a 49% è molto alta considerando che nessun paziente 
presentava linfonodi sospetti né clinicamente né alla ecografi a preoperatoria. La scintigrafi a total body con 131I e i dosaggi di tireoglobuli-
na hanno confermato l’attendibilità della procedura del linfonodo sentinella nel carcinoma papillare della tiroide. Nei pazienti defi niti N0 
mediante la tecnica del linfonodo sentinella la terapia con 131I può essere evitata.
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Introduction
The sentinel lymph node (SLN) was defi ned as the fi rst 

lymph node to receive drainage from a primary cancer 1. 

Intra-operative lymphatic mapping with SLN biopsy 

(SLNB) has become a revolutionary concept in the man-

agement of solid malignancies 1-4. SLNB using both vital 

dyes and radioisotopes has been developed as an alter-

native to elective lymph node dissection in patients with 

clinically node-negative disease 1-4. If no metastasis is 

found in the SLN, there should be no metastasis in distant 

lymph nodes. The accuracy of this concept has been dem-

onstrated for malignant melanoma and breast cancer.

Application of the SLN concept has also been reported in 

several studies in patients affected by differentiated thy-

roid carcinoma (DTC) 1-7. Kelemen, et al. 8, in 1998, pio-

neered the vital blue dye technique for SLNB in 17 thyroid 

cancer patients, while subsequent reports by Gallowitsch 

et al. 9 and Rettenbacher et al. 10 described the use of a ra-

diotracer with intra-operative counting using a hand-held 

gamma probe. In 2006, we evaluated the accuracy of SLN 

mapping by intra-tumoral injection of Blue Dye in a large 

series of patients with papillary thyroid carcinoma (PTC) 

and, in 2008, investigated the effi cacy of the 99Tc nano-

colloid SLN procedure in 65 PTC patients 4 5.

The prognostic value of lymph node metastases in papil-

lary thyroid carcinoma (PTC) is still controversial and the 

clinical role of SLN in PTC is debated 11-18.

Aims of the present study were to defi ne an accurate tech-

nical procedure for SLNB with radiocolloid lymphoscin-

tigraphy and the hand-held gamma probe and to evaluate 

the effectiveness of the SLN procedure on post-operative 

clinical staging in a large series of patients with PTC.

Material and methods
From July 2005 to June 2009, 99 patients affected by PTC 

entered the study. All were pre-operatively investigated 

and operated upon by the same surgeon in the Department 

of Special Surgical Pathology, University of Padua Medi-

cal School. Inclusion criteria were: a) diagnosis of PTC 

at pre-operative fi ne-needle aspiration cytology (FNAC); 

b) the monofocality of PTC at clinical examination and at 

high resolution neck ultrasound (US); c) N0 at clinical and 

US examinations; d) the absence of distant metastases; e) 

no previous surgical treatment on the neck.

Patients underwent node dissection according to the SLN 

procedure as described in our previous study 10. All cases 

underwent lymphoscintigraphy in the Nuclear Medicine 

Unit, 3 hours before the start of surgery, after a single in-

tra-tumoral injection of a nanocolloidal solution labelled 

with 99 Technetium (Nanocoll, GE Healthcare), in normal 

saline, administered under US-guidance. Immediately af-

ter the intra-tumoral injection, a sequential scintigraphic 

acquisition was obtained using a single head (Siemens, 

Orbiter 75) or dual head gamma camera (Siemens, Ecam) 

coupled with a low energy high resolution collimator. 

Multiple lymphoscintigrams were collected, 120 sec per 

frame, in the anterior and oblique position, followed by 

multiple static scintiscans until clear visualization of sen-

tinel node or nodes was achieved. The last image (90 min 

after injection) was acquired using a 57Co fl at source be-

low the patient to obtain neck and body profi le. In this last 

image, the total counts of all nodes visualized and back-

ground activity were measured by means of regions of 

interests (ROI). Intra-operative SLN localization was per-

formed using a hand-held gamma probe (ScintiProbe MR 

100, Pol.Hi.Tech., Carsoli, Italy) with an automatic peak 

for 99mTc-140 keV using probes of different diameter 

size (11 or 15 mm) and variable time count rate (1-4 sec-

onds) depending on SLN activity. The probe was placed 

in a sterile surgical wrap and, before surgical incision, it 

was slowly moved from the injection site to the two lateral 

cervical regions to check out any radio-seeking site that 

was marked on the patient’s skin. Then, after a standard 

cervicotomy, via a transversal incision, extended between 

the bodies of the two sternocleidomastoid muscles, the 

thyroid was exposed; following thyroidectomy, using the 

gamma probe, the central compartment was bilaterally 

scanned for hot spot investigation. The hottest node and 

all nodes with a count rate of more than 10% of the hottest 

node were removed. Then, on the basis of the lymphatic 

map obtained by scintigraphy, the lateral compartment of 

the neck was scanned and all nodes with at least 10% of 

the hottest node were removed. Only SLNs were sent for 

frozen section and only when one or more lymph nodes 

showed thyroid cancer metastasis the surgeon enlarged 

node dissection to the involved compartment. The thyroid 

and all lymph nodes resected were stained with haema-

toxylin & eosin (H&E) and cytokeratin.

All patients underwent 131I Whole Body Scan (WBS) and 

received 131I therapy when necessary. Patients were ob-

served at follow-up at 2 and 6 months after treatment and 

then on a yearly basis. Follow-up consisted of clinical 

examination, measurements of Thyroglobulin (Tg) and 

anti-Tg antibodies, high resolution 10 MHz neck US and 

rhTSH 131I WBS. Statistical analysis was performed using 

Wilcoxon Test comparing post-operative Tg values in N0 

vs. N1 patients. A p value < 0.05 was considered statisti-

cally signifi cant.

Results
The study population comprised 74 females (74.7%) and 

25 males (25.3%), mean age 48.4 years (range 20-76). 

Mean tumour size was 1.8 cm (range 0.5-4.3 cm). The 

single intra-tumoral dose of the nanocolloidal solution 

labelled with 99 Technetium injected under US guidance 

showed a mean value of 5.5 MBq (range 4-7) in 0.1-0.3 ml 

of normal saline.
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Sequential lymphoscintigraphy was able to reveal at least 
one SLN in 98/99 cases (99%). In particular, in 17/98 
(17.3%) cases, one SLN was visualized, two nodes in 
32/98 (32.7%), three nodes or more in 49/98 (50%).
Using an intra-operative hand-held gamma probe, the sur-
geon was able to detect at least one SLN in all cases. In 
all patients, SLNs were always identifi ed in the central 
ipsilateral compartment, in one case the 3rd SLN was in 
the laterocervical compartment, no metastases. Only, one 
radioactive node was removed in 21/99 (21.2%) cases, 2 
in 33/99 (33.3%) cases, 3 in 45/99 (45.5%) cases. All pa-
tients underwent total thyroidectomy and node dissection 
in accordance with the SLN procedure.
According to UICC-TNM staging, 45 cases (45.9%) were 
classifi ed as T1, multifocal in 10 cases (10.2%), T2 in 10 
cases (10.2%) and T3 in 43 cases (43.9%), multifocal in 
16 cases (16.3%). The patients with multi-focality tumour 
were not excluded because the multi-focality was diag-
nosed not pre-operatively but at the post-operative pathol-
ogy report, where tumour microfoci were discovered. One 
case was classifi ed as micro/macro follicular adenoma at 
fi nal histology.
The SLN metastases were diagnosed in 48/98 cases 
(49%): in 32 cases (67%), the hottest SLN was positive 
(1st SLN), in 16 cases (33%), the 2nd and/or the 3rd SLN. In 
23 cases (23.5%), only 1 SLN was involved, in 25 cases 
(25.5%), 2 or more. The mean duration of follow-up was 
19.5 months (range 3-41).
All patients underwent 131I WBS at 2 months after surgery. 
A total of 79 patients (80.6%) underwent ablative 131I treat-
ment: for thyroid residual (mean 115 mCi, range 50-100), 
in 74 cases (41 cases N0 and 33 cases N1), for suspected 
lymph node metastases (mean 118 mCi, range 50-150) in 
4 cases (N1) and for both thyroid residual and suspected 
lymph node metastases in one case (N1).
The median value of Tg in N0 vs. N1 patients was 1 ng/
ml (range < 0.1-15) vs. 1.9 ng/ml (range < 0.1-127.5) 
(p = 0.03) and 0.2 ng/ml (range < 0.1-1.2) vs. 1 ng/ml 
(range < 0.1-17) (p = 0.001) before and after 131I treat-
ment, respectively (Table I).

Table I. Statistical analysis using Wilcoxon Test comparing thyroglobulin 
values in N0 vs. N1 patients.

Thyroglobulin (median) N0 N1 P value

Before 131I treatment 1 1.9 0.0035

After 131I treatment 0.2 1 0.001

Discussion
Surgery is the most effective treatment for patients with 
PTC 19-25. The standard therapeutic approach to DTC in-
cludes total or near total thyroidectomy together with 
loco-regional node dissection, 131I treatment, and life-long 
TSH-suppressive thyroid hormone replacement 26-33. How-

ever, it remains controversial as to whether prophylactic 
lymph node dissection improves prognosis and survival. 
The SLN procedure has achieved consensus as a staging 
procedure in breast cancer and melanoma patients, but 
few studies have evaluated the usefulness of SLN in thy-
roid surgery 34-36.
Through the selective lymph node dissection, the SLN 
procedure can avoid unnecessary node dissection, asso-
ciated with higher morbidity. SLN can be performed us-
ing the vital dye technique 4 32 33, lympho-scintigraphy and 
gamma probe 3-5, and a combined technique using both 
vital dye and radiotracer 34.
In 2006, we considered 153 cases of PTC and evaluated 
the accuracy of SLN mapping performed by intra-tu-
moural injection of Blue Dye 4. At surgery, blue positive 
SLNs were found in 108/153 cases (69.9%), of whom 36 
(33.6%) had micro-metastases in SLN. In 4 cases, a nor-
mal parathyroid gland and, in 3 cases, fi bro-adipose tis-
sue, was stained blue and mistakenly removed as SLN (7 
false positive results). On the other hand, sSLN was blue 
negative in 46/153 patients (30.1%), of whom 7 (15.2%) 
had micro-metastases in blue-negative lymph nodes. We 
concluded that, on the basis of our results, the blue-dye 
procedure for SLN detection was inappropriate as a stand-
ard of approach in PTC due to a relatively large number of 
false negative and false positive results.
In our previous experience, in 2008, we considered 65 
cases of PTC: the SLN was detected in 98.5% of patients 
at lymphoscintigraphy and in all cases with intra-opera-
tive gamma probe 5. SLN metastases were diagnosed in 
34/65 cases (52%); the patients defi ned as N0 by the SLN 
technique were all confi rmed by rhTSH 131I WBS and Tg 
measurement. In this previous study, we proposed that the 
SLN procedure be considered a criterion to select patients 
in view of the ablative 131I treatment. In patients defi ned 
N0, with the SLN technique, ablative 131I therapy could 
be avoided, while in patients defi ned N1 at SLN biopsy, a 
therapeutic dose could be directly proposed.
In this study, we considered not only the safety and relia-
bility of the radio-guided technique in detecting the SLN, 
but even the follow-up of the patients who underwent SLN 
biopsy. The SLN was detected in 98/99 cases at lympho-
scintigraphy and in all cases with intra-operative gamma 
probe. According to our experience as far as concerns fea-
sibility and accuracy, pre-operative lymphoscintigraphy 
and intra-operative gamma probe offer signifi cant advan-
tages over the vital dye technique, described in our previ-
ous experience: the injection of the radiopharmaceutical 
is performed pre-operatively, therefore avoiding disrup-
tion of the lymphatics during the initial dissection; use of 
the radiolabelled material offers the possibility to disclose 
SLN that lies outside the central compartment; there is no 
false positive staining of the parathyroid glands.
SLN metastases were diagnosed in 48/98 cases (49%); 
moreover, the rate of node involvement was very high 
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considering that no patients had clinically palpable nodes 

or suspected at echography.

In 16 cases (33%), the 2nd and/or the 3rd SLN was positive: 

it is worthwhile stressing that it is necessary to remove 

not only the hottest SLN but all nodes with a count higher 

than 10% of the hottest node.
131I WBS and Tg measurements confi rmed SLN in PTC as 

a reliable procedure: patients defi ned N0 using the SLN 

technique were all confi rmed by 131I WBS and Tg meas-

urement. In addition to our earlier study, the 5 patients 

who underwent 131I treatment for suspected lymph nodes 

metastases were defi ned N1 at the SLN procedure. On the 

basis of this large series of patients, we proposed SLN as 

a criteria to select patients in view of the ablative 131I treat-

ment. In patients defi ned N0, with the SLN technique, ab-

lative 131I treatment could be avoided, while in patients 

defi ned N1 at SLN biopsy, a therapeutic dose could be 

directly proposed.
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