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Purpose: To register the frequency of central and lateral 
lymph node metastases (LNMs) from papillary thyroid 
microcarcinomas (PTMCs), and to assess whether sentinel 
lymph node (SLN) biopsy of the lateral compartment is an 
accurate technique to select patients with true positive but 
clinically negative lymph nodes for one-time selective later-
al neck dissection (sLND). The correlation between tumor 
characteristics (size, multifocality, bilaterality, capsular in-
vasion) and LNMs was analyzed.

Methods: During a 10-year-period (2004-2013), 111 
clinically N0 patients with PTMCs had total thyroidecto-
my, central neck dissection and SLN biopsy of the lateral 
neck compartment in our institution. SLN mapping was 
performed by subcapsular injection of 0.2 to 0.5ml of 1% 
methylene blue dye. If SLNs were positive on frozen section, 
one-time sLND was done. 

Results: Forty per cent of PTMCs were multicentric. LNMs 
were detected in 25% of the patients and isolated central 

LNMs were found in 18% of the patients. Lateral LMNs 
were present in 7% of the patients, of which 4% were iso-
lated, skip LNMs. All these patients had therapeutic sLND. 
Specificity and sensitivity of SLN biopsy were 100% and 
57%, positive and negative predictive values were 100% 
and 97%, respectively. Method’s accuracy was 97%.

Conclusions: SLN biopsy of the lateral neck compartment 
is more precise than physical examination and ultraso-
nography for detection of lateral LNMs in clinically N0 
patients with PTMCs. Intraoperative assessment of lateral 
lymph nodes (SLNs) provides one-time therapeutic dissec-
tion for patients with occult LNMs at initial operation, re-
ducing the need for additional operations. This method pro-
vides appropriate disease staging and optimizes treatment.
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Papillary thyroid carcinomas ≤1 cm in size are 
defined as microcarcinomas [1]. Microcarcinomas 
can be discovered after total thyroidectomy for be-
nign disease (incidental), identified at autopsy (in-
dolent); diagnosed by physical or ultrasonical ex-

amination; cytologically confirmed by fine needle 
aspiration biopsy; or they can be occult, character-
ized by clinical metastases, while primary tumors 
are detected on definitive pathological examina-
tion, or not detected at all [2]. In recent years, the 
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incidence of PTMCs is increasing [3]. The major-
ity of PTMCs have indolent course and excellent 
prognosis. Some authors recommend observation 
as an alternative to surgical treatment for low-
risk PTMCs [4]. However, very rarely, PTMCs can 
have a more aggressive course with recurrence 
and distant metastases [5, 6]. Therefore, the extent 
of surgical resection of the thyroid gland and re-
gional lymph nodes in PTMCs is a subject of de-
bate among surgeons [4,5,7-10]. 

Due to the frequent neck LNM in patients 
with PTMCs, total thyroidectomy with central 
neck dissection is performed as a standard proce-
dure at the Institute for Oncology and Radiology 
of Serbia (IORS), along with detection of SLN in 
the lateral neck compartments to decide upon ne-
cessity for one-time lateral neck dissection [11]. 

The aim of this study was to register the fre-
quency of central and lateral LNMs from PTMCs, 
to assess whether SLN biopsy of the lateral com-
partment is an accurate technique to select pa-
tients with true positive but clinically negative 
lymph nodes for one-time sLND, as well as to 
analyze the predictive values of tumor size, mul-
tifocality, bilaterality and capsular invasion in re-
lation to LNMs frequency. 

Methods

Patients included in this study were treated at 
IORS from 2004 to 2013 as a part of an ongoing project 
of the National Ministry of Science for early diagnostic 
of lymph node metastases using SLN biopsy. All 111 
patients had PTMCs and were clinically N0 (based on 
physical examination and ultrasonography). They were 
treated with total thyroidectomy, central neck dissec-
tion and SLN biopsy of the lateral neck compartments 
to identify occult lateral LNMs and perform one-time 
sLND. Patients with preoperative neck lymphadenopa-
thy on physical and/or ultrasonic examination, as well 
as patients in whom surgical or fine needle biopsy of 
neck lymph nodes proved thyroid carcinoma metasta-
sis were not included in the study.

SLN biopsy of the lateral regions after methylene 
blue dye mapping was first published in 2006 by Dzo-
dic et al. [11]. In all patients 0.2 to 0.5 ml of 1% methy-
lene blue dye is injected prior to the lobe mobilization, 
just beneath the thyroid gland capsule, with coagula-
tion of the capsule to avoid leakage of the vital dye. 
Lateral neck compartments are explored for blue dyed 
lymph nodes that are extirpated and sent for frozen 
section study. In cases where there were no blue dyed 
lymph nodes, blue dyed lymphatic vessels are visually 
followed and the nearest lymph nodes (one or more) 
are harvested as the first draining nodes in the lateral 
neck region - SLN. If frozen section study of SLNs iden-

tified metastases, sLND was carried out immediately. 
If metastases could not be detected this way, but were 
diagnosed on definitive pathohistological examination, 
sLND was subsequently performed.

Statistics

To determine a correlation between tumor size 
and the occurrence of LNMs, all patients were classi-
fied into two groups, those with tumors under or 5 mm 
in size (≤ 5 mm), and those with a tumor size over 5 
mm (5.1-10 mm). 

Sample distribution for normality was tested by 
Kolmogorov-Smirnov test. Descriptive statistics (fre-
quency, percentage, average, median, standard devia-
tion (SD) and range) was used to summarize data about 
patients, tumor characteristics and treatment. The asso-
ciation between parameters was tested by the Pearson’s 
chi-square test, Fisher’s exact test and Wilcoxon’s rank 
sum test, as appropriate. All comparisons were two-sid-
ed and a p value <0.05 was considered statistically sig-
nificant. Data analysis was performed in the statistical 
program R [version 3.1.1 (2014-07-10) - “Sock it to Me” 
Copyright (C) 2014 The R Foundation for Statistical 
Computing Platform: i386-w64-mingw32/i386 (32-bit); 
(download: 10.22.2014)].

Results

The mean patient age was 49 years, with fe-
males’ predominance. Characteristics of the pa-
tients and tumors are shown in Table 1. The mean 
tumor size was 4.93±2.76 mm. More than 60% 
of patients had a dominant tumor ≤5 mm. Mul-
ticentric carcinomas were detected in 40% of the 
whole thyroid specimens. Capsular invasion was 
present in 19% of the cases, while no tumor had 
vascular invasion.

Characteristics of LNMs (in total and by 
PTMC tumor size categories ≤ 5 mm vs 5.1-10 
mm) are shown in Table 2. LNMs were patholog-
ically confirmed in 28 (25.23%) patients: isolated 
central LNMs (pN1a) in 20 (18.03%) patients; lat-
eral LNMs (pN1b) in 8 (7.21%) patients, of which 
3 (2.70%) had LNMs in both central and lateral 
neck region, while 5 (4.50%) had only isolated 
LNMs - skip metastases (Table 2, Figure 1). Al-
most all patients with lateral LNMs (7/8 patients) 
had 1 or 2 LNMs, except for one patient with 13 
lateral LNMs.

Altogether, 3 patients had postoperative com-
plications. In one patient recurrent laryngeal 
nerve was accidentally cut on one side and sub-
sequently reconstructed by direct anastomosis. 
One patient had a transient hypoparathyroidism. 
In one patient a transient Horner’s syndrome was 
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observed.
During the follow-up period (1-11 years, me-

dian 4.5), none of the patients had locoregional 
recurrence or distant metastasis.

According to PTMC tumor size categories (≤ 
5 mm vs 5.1-10 mm), there was no statistically 
significant difference in the frequency of LNMs 
(Table 2). There was nearly statistically signifi-
cant difference in the median number of central 
LNMs (1 vs 2, respectively, p=0.054, Table 2) and 
presence of lateral and/or central LNMs (19.44 vs 
35.90% respectively, p=0.057, Table 2) in patients 
with PTMC tumor size ≤5 mm vs 5.1-10 mm. Pa-

tients with capsular invasion had significantly 
more often lateral LNMs in comparison to those 
without (23.81 vs 3.33%, respectively; p<0.05, 
Table 3). Statistically significant correlation was 
found between other tumor characteristics (mul-
tifocality, bilaterality) and presence of lateral 
LNMs (Table 3).

Finally, it should be noted that due to rela-
tively small cohort of patients with the presence 
of LNMs (25.23% patients), more extensive explo-
ration of predictive factors for the occurrence of 
LNMs was not possible.

Identification rate of SLNs in lateral neck re-
gions was 84% (Table 1). On frozen section and 
definitive pathological analysis, the sensitivity, 
specificity, positive predictive value and negative 
predictive value of SLN biopsy method were as 
follows: 57%, 100%, 100% and 97%, respectively. 
The accuracy of the method was 97.25% (Table 4). 

In 2 patients, frozen section analysis of SLNs 
was inconclusive. After the diagnosis of later-
al LNMs was set on standard paraffin-embedded 
pathological examination, these patients received 
adequate sLND in the second operation. 

In 3 patients SLN micrometastases were not 
identified on frozen section analysis, but after us-
ing immunohistochemical staining in the defini-
tive pathological examination. These patients had 
another operation for sLND. 

Discussion

PTMCs generally have an excellent progno-
sis, with rare locoregional recurrence or distant 
metastasis and very low disease-specific mortali-
ty. For this reason, some Japanese authors recom-
mend observation of patients with cytologically 
proven low-risk PTMCs, followed by surgical in-
tervention only in cases with tumor enlargement 
and new LNMs [12]. However, there are also high-
risk PTMCs that do not have indolent course and 
can be locally aggressive, or give distant metas-
tases [5-7]. 

LNMs are common in PTMCs [13]. Predictors 
of LNMs in PTMCs are well known and include 
multifocality, tumor size and capsule invasion 
[14,15]. In a study by Wada et al. 64 % of patients 
with PTMCs had central LNMs [13], which is more 
than observed in this study (21%). According to 
the literature, independent factors predicting the 
occurrence of central LNMs are: tumor diameter 
larger than 5 mm, extrathyroid extension, as well 
as multifocality [16-19]. Statistical analysis for 
this cohort of 111 patients showed no significant 

Table 1. Characteristics of patients, tumors and senti-
nel lymph nodes

Characteristics N (%)

Characteristics of patients

Gender

Male 17 (15.32)

Female 94 (84.68)

Age (years)

Mean (SD a) 49.42 (12.53)

Median (range) 51 (23-73)

Characteristics of tumors b

Tumor size (in mm)                

Mean (SD a) 4.93 (2.76)

Median (range) 5 (0.5-10)

Tumor size (categories, mm)

≤ 5 72 (64.86)

5.1-10 39 (35.14)

Number of foci

Solitary 67 (60.36)

Multiple 44 (39.64)

Unilateral 20 (18.02)

Bilateral 24 (21.62)

Capsular invasion

Yes 21 (18.92)

No 90 (81.08)

Characteristics of SLNs c

Coloring

Colored lymph nodes 77 (69.37)

Colored lymphatic vessels 16 (14.41)

Uncolored lymph nodes 18 (16.22)

Frozen section analysis

Benign 105 (94.59)

Malignant 4 (3.60)

Paraffin 2 (1.80)

Definitive histopathology

Benign 103 (92.79)

Malignant 8 (7.21)

Total 111 (100)
a standard deviation, b papillary thyroid microcarcinomas, c senti-
nel lymph nodes
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Table 2. Characteristics of lymph node metastases from papillary thyroid microcarcinomas according to tumor 
size categories

Localization of
LNMs a

Total
N (%)

PTMC d size categories
N (%)                 N (%) Test

≤ 5 mm 5.1-10 mm

Lateral 

Without metastases 103 (92.79) 68 (94.44) 35 (89.74) Fisher exact
p=0.45With metastases 8 (7.21) 4 (5.56) 4 (10.26)

Number of metastases b

Mean (SD c) 2.88 (4.12) 1.5 (0.58) 4.25 (5.85) Wilcoxon rank sum
W=7; p=0.87Median (range) 1.5 (1-13) 1.5 (1-2) 1.5 (1-13)

Central

Without metastases 88 (79.28) 60 (83.33) 28 (71.79) Pearson x2

x2
1=2.05; p=0.15With metastases 23 (20.72) 12 (16.67) 11 (28.21)

Number of metastases b

Mean (SD c) 2.96 (2.65) 2.58 (3.15) 3.36 (2.06) Wilcoxon rank sum
W=35.5; p=0.054Median (range) 2 (1-11) 1 (1-11) 2 (1-7)

Lateral and/or central

Without metastases 83 (74.77) 58 (80.56) 25 (64.10) Pearson x2

x2
1=3.63; p=0.057With metastases 28 (25.23) 14 (19.44) 14 (35.90)

Localization b

Only central 20 (18.03) 10 (13.88) 10 (25.65)
Fisher exact

p=0.21Only lateral 5 (4.50) 2 (2.78) 3 (7.69)

Central & lateral 3 (2.70) 2 (2.78) 1 (2.56)

Number of metastases b

Mean (SD c) 3.25 (3.98) 2.64 (3.13) 3.86 (4.72) Wilcoxon rank sum
W=69.5; p=0.18Median (range) 2 (1-19) 1.5 (1-12) 2 (1-19)

Total 111 (100) 72 (64.86) 39 (35.14) -

a lymph node metastases, b only for patients with metastases, c standard deviation, d papillary thyroid microcarcinomas

Figure 1. Percent distribution of papillary thyroid microcarcinoma lymph node metastases in different regions 
of the neck.
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difference in the rate of central LNMs in regard 
to tumor size categories (≤ 5 mm vs 5.1-10 mm), 
although there were more patients with central 
LNMs in the subgroup with larger tumors (17 vs 
28%, respectively). In addition, the frequency of 
central LNMs was not higher in multifocal or bi-
lateral tumors, or tumors with capsular invasion. 
These results are in agreement with those in the 
study by Roh et al. [20]. However, opposite find-
ings were obtained by other studies [16,17]. The 
authors of the present study routinely and safe-
ly perform central neck dissection because tumor 
size and other factors cannot be treated reliably 

enough for prediction of LNMs. Similarly, the 
macroscopic characteristics of lymph nodes can-
not be sufficient enough to decide upon presence 
or absence of metastases. Also, LNMs often do not 
uptake radioactive iodine and can only be treated 
surgically [21]. 

In hands of experienced surgeons, complica-
tions are very rare [22]. In this study, only one in 
111 patients (0.9%) had recurrent laryngeal nerve 
injury, with immediate repair by direct anastomo-
sis, while there were no patients with permanent 
hypoparathyroidism. One of the advantages of 
methylene blue dye injection for SLN mapping 

Table 3. Tumor characteristics and localization of lymph node metastases in papillary thyroid microcarcinomas

Characteristics
Categories

N (%)                                  N (%)
No                                     Yes

Test

Capsular invasion Fisher exact

Lateral metastases
  Without 87 (96.67) 16 (76.19)

p=0.006
  With 3 (3.33) 5 (23.81)

Central metastases
  Without 71 (78.89) 17 (80.95)

p=1
  With 19 (21.11) 4 (19.05)

Central & lateral metastases

  Without 70 (77.78) 13 (61.9) Pearson x2

x2
1=2.27;p=0.13  With 20 (22.22) 8 (38.1)

Total 90 (100) 21 (100) -

Multifocality No (1 tumor) Yes (≥2 tumors) Pearson x2

Lateral metastases
  Without 60 (89.55) 43 (97.73) Fisher exact

p=0.14  With 7 (10.45) 1 (2.27)
Central metastases
  Without 53 (79.1) 35 (79.55)

x2
1=0.003;p=0.96

  With 14 (20.9) 9 (20.45)

Central & lateral metastases

  Without 49 (73.13) 34 (77.27)
x2

1=0.24;p=0.62
  With 18 (26.87) 10 (22.73)

Total 67 (100) 44 (100) -

Bilaterality a No (1 lobe) Yes (2 lobes) Fisher exact

Lateral metastases
  Without 20 (100) 23 (95.83)

p=1
  With 0 (0) 1 (4.17)

Central metastases
  Without 17 (85) 18 (75)

p=0.48
  With 3 (15) 6 (25)

Central & lateral metastases

  Without 17 (85) 17 (70.83)
p=0.31

  With 3 (15) 7 (29.17)

Total 20 (100) 24 (100) -

a applies only to patients with 2 or more tumors (N=44 patients; Table 1)
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is coloring of central lymph nodes. This provides 
reliable distinction between blue stained lymph 
nodes and parathyroid glands that do not uptake 
the vital dye, so it is easier to identify them and 
preserve during dissection. This is especially im-
portant for less experienced surgeons.  

The rate of lateral LNMs in PTMCs is not neg-
ligible in the relevant literature. The frequency of 
lateral LNMs at PTMCs in study by Zeng et al. 
is approximately 35% [23] which is almost 5-fold 
higher than the 7.21% observed in our study. In-
dependent predictive factors for the occurrence of 
lateral LNMs are: presence of LNMs in the cen-
tral compartment [23,24], extrathyroid extension 
and tumor multifocality [16]. In the present study, 
only capsular invasion of the tumor was statis-
tically significant factor associated with lateral 
LNMs. 

Lateral LNMs without metastases in the cen-
tral region (skip metastases) were observed in 
4.5% of our patients. Similarly, Chung et al. re-
ported skip metastases in 7.7% [25]. On the con-
trary, Kim in his work detected such pattern of 
metastases in only 0.6% [26]. Chung et al. could 
not find any specific characteristics of the tumor 
to be associated with the appearance of skip me-
tastases [25]. Zhang et al. reported that tumors 
localized in the upper third of the lobes have a 
higher risk of lateral LNMs in comparison to the 
central LNMs [16].

SLN biopsy of the lateral neck region is a use-
ful method for detection of occult LNMs (clini-

cally N0 patients). Ultrasonography detects only 
a small proportion of metastatic lymph nodes in 
the lateral compartment if they are clinically non-
palpable [27]. 

Either methylene blue dye [11] or Tc 99m 
could be used for successful mapping of SLNs [28]. 
No radioactive marker is used at IORS for thyroid 
cancer. 

With this method of lymph node mapping 
using methylene blue dye and frozen section 
analysis of SLNs, 7% of patients with PTMCs 
were converted from cN0 to pN1b stage, the 
stage that carries the risk of recurrence [29], and 
therapeutic sLND is necessary for these patients 
[30]. SLN biopsy provided proper staging of the 
disease, with agreement of frozen section and 
definite pathological analysis of SLNs in 97.25% 
of the patients that were accurately selected for 
one-time sLND. The sensitivity of the method is 
low (57%) since SLN micrometastases were not 
identified on frozen section analysis in 3 patients. 
Identification of occult metastases of the lateral 
neck region enables the surgeon, to identify pa-
tients at high risk who would benefit from some 
additional therapy, i.e. radioactive iodine therapy 
or closer follow-up.  

PTMCs often give metastases in the central 
and lateral neck regions. Predictive factors for lat-
eral LNMs, as pathological characteristics of tu-
mors, cannot help the surgeon to decide for one-
time lateral neck dissections. SLN biopsy of the 
lateral neck compartments is more precise than 
physical examination and ultrasonography for de-
tection of lateral LNMs in clinically N0 patients 
with PTMCs. Intraoperative assessment of the lat-
eral compartments by frozen section analysis of 
SLNs is useful to avoid unnecessary dissections, 
as well as undertreatment of patients with occult 
LNMs present at initial operation. SLN biopsy, 
after methylene blue dye injection, can be used 
for intraoperative identification of high-risk sub-
groups of patients with PTMCs who would benefit 
from additional one-time lateral neck dissections. 
The greatest value of this method is appropriate 
staging which optimizes treatment for patients 
with PTMCs. Although PTMCs are considered as 
prognostically good, not all cases behave biologi-
cally the same way, which leaves space for further 
research.
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