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Abstract Identifying risk factors for neck lymph node metas-
tasis (LNM) in papillary thyroid carcinoma (PTC) is important
for patient prognosis establishment. We conducted a retrospec-
tive study among 317 patients with solitary PTC. Factors
associated with clinically evident LNM were evaluated.
LNMwere identified in 69 (21.7 %) patients. Central compart-
ment (17.3 %) and lateral compartment (9.4 %) were involved.
Thyroid capsule invasion and extrathyroidal extension were
found to be independent risk factors for both central and lateral
compartment metastasis in multivariate analysis. Larger diam-
eter was associated with central compartment metastasis in
logistic regression model, whereas male gender only with
lateral compartment metastasis. As closer tumors were posi-
tioned in relation to glandular capsule we expected rising rates
of nodal spread. It was unlikely to find clinically evident neck
LNM among patients with centrally located tumors.
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Introduction

Thyroid cancer is the most frequent endocrine malignancy,
accounting for approximately 1 % of all malignant tumors in

the United States [1]. Papillary thyroid carcinoma (PTC)
represents the most common type, with incidence increasing
each year [2]. Patient age, tumor subtype, extrathyroidal ex-
tension and neck lymph node metastasis (LNM), are known
risk factors associatedwith increased recurrence of PTC [3, 4].
There is a pending discussion about the prognostic signifi-
cance of central compartment lymph node metastasis in PTC,
especially among patients with subclinical disease [5–7].
However there are strong evidences of worse outcomes
among patients with clinically evident LNM [8–10]. Lateral
neck node metastases are also closely related to tumor recur-
rence and poor prognosis in patients with PTC [11]. Precise
preoperative evaluation for neck node metastasis is helpful in
planning decisions regarding the extent of surgery. Among
preoperative imaging methods, neck ultrasound (US) is a
sensitive tool for evaluation of thyroid lesions, as well as
lateral neck nodes. Computed tomography (CT) can also be
used for comprehensive and objective evaluation of the neck,
regardless of the operator’s skills [12]. However both imaging
techniques show low sensitivity for central compartment me-
tastasis [13] and few studies have reported the diagnostic
accuracy of preoperative CT [14].

Patients with neck LNM at the time of surgery should
undergo neck dissection and consider high dose iodine thera-
py, even though it can lower the patient’s quality of life.
Elective central or lateral neck dissections in thyroid papillary
carcinoma management are still controversial. Though in
experienced hands complications related to neck
lymphadenectomies are uncommon, some studies reported
raised surgical morbidity and increased risk of transient and
permanent hypoparathyroidism when routine central or lateral
neck dissections was performed [15, 16]. Therefore, there is a
need for precise methods for prediction of neck LNM, espe-
cially for cases whose metastases may impact in patient’s
prognosis. We designed the current study to evaluate risk
factors associated with LNM in a sample whose
lymphadenectomies were performed according to clinically
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suspicious neck lymph nodes, focused on the pathological
features, especially distance of tumor from the glandular
capsule.

Methods

This study was approved by our institutional review board. A
total of 317 cases of PTC patients initially treated in the head
and neck surgery department of our institution between June
2000 and December 2010 were included in the study. All
patients had no history of neck irradiation and underwent
preoperative ultrasonography. Pertinent cases were submitted
to US-guided fine needle aspiration biopsy (FNAB). Total
thyroidectomywas the procedure of choice in 89.9% of cases.
In 32 patients, all of them presenting with microcarcinomas, a
lobectomy or istmo-lobectomy was performed. Neck dissec-
tion was performed only in cases with suspicious lymph node
disease in preoperative or trans-operative examination, includ-
ing image exams, clinical findings, lymph node cytology or
trans-operative frozen section results. Elective or prophylactic
central or lateral neck dissection is not routinely performed in
our service. Patients presenting with tumor histology other
than PTC (71 cases), cases with collision thyroid neoplasms (7
cases, represented by cases with more than one histology in
the same gland; for example, a papillary and a follicular
carcinoma in the same case), unresectable tumors (8 cases),
multifocal tumors (202 cases) and those with no information
about tumor diameter and position of tumors in relation to the
glandular capsule (10 cases) were excluded from the study.

The following variables were used to analyze risk factors
for LNM: gender, age at diagnosis, final pathological results,
primary tumor size, tumor histological variants, extrathyroidal
extension, capsule invasion, tumor distance from the glandu-
lar capsule, concomitance with Hashimoto’s thyroiditis,
lymphovascular invasion signs and Tstage. Pathological anal-
ysis was performed in 93.6 % of cases by the same pathologist
(Barra MB), one with special dedication to thyroid and head
and neck tumor pathology. Pathological staging was applied
according to the seventh edition of American Joint Committee
on Cancer pTNM staging system [17]. Tumors located at
1 mm from the glandular capsule, without invading it, were
described as tangents to the capsule. Lymph node status and
extrathyroidal extension were defined based on microscopic
examination findings. Neck compartments were defined ac-
cording to Memorial Sloan-Kettering Cancer Center’s classi-
fication of neck lymph node regions [18]. Thyroid specimens
were routinely submitted to total inclusion, with slice thick-
ness of 2 mm, cutting the gland from the surface to the center,
as “book sheets”. The number of slices varied according to the
gland and tumor volume. Diameter was used as synonym of
major axis, independent if it is longitudinal, latero-lateral or
antero-posterior axis.

Frequencies and distribution of each selected variable were
calculated. We used mean (standard deviation), absolute fre-
quencies, percentages, and medians (with minimum and max-
imum values) as appropriated. For the differences between
groups, we used chi-square tests for categorical variables.
Continuous variables were analyzed with the Student’s t-test
and ANOVA or Mann–Whitney U test and Kruskal-Wallis
test, according to the result of the Kolmogorov–Smirnov test
for normal distribution. We employed two stepwise logistic
regressions to identify factors independently associated with
LNM (dependent variable). The first model included distance
of tumors from the glandular capsule and overall rates of
LNM; the second one was similar to the first, but analyzed
frequencies of LNM according to level affected (only central
metastasis; and only lateral metastasis). The level of statistical
significance was set at 5 %. Analysis was performed with
SPSS version 15.0 (SPSS Inc., Chicago, IL).

Results

A total of 317 patients consisted of 260 women and 57 men
with a mean age of 47.77 (14.58) years (range, 13–84 years).
The median size of the primary thyroid cancer was 1.1 cm
(range, 0.04–9 cm). In 144 (45.4 %) cases major diameter was
≤1 cm. Capsule invasion was found in 161 patients (50.7 %),
but extrathyroidal extension in only 71 cases (22.3 %). In 109
(34.3 %) cases the lesions were located at 0.1 cm from the
glandular capsule. The remaining group, 47 (14.8 %) cases,
was represented by tumors at least 0.2 cm far from the glan-
dular capsule. One hundred and seventy eight (56.1 %) cases
were classified as T1 staging, 35 (11.0 %) as T2, 98 (30.9 %)
as T3 and 6 (1.8 %) as T4 staging. Neck dissections were
performed in 130 (41.0 %) cases, all with suspicion of LNM.
Overall, 39 (12.3 %), 14 (4.4 %) and 16 (5.0 %) had involve-
ment of only central, only lateral and both central and lateral
compartments, respectively. Table 1 shows differences among
groups according to distance of tumor from the glandular
capsule. It is clear that as the lesions came closer to the
capsule, rates of LNM also increased (See table 1). We found
only one case of LNM among patients with tumors at ≥0.2 cm
from the glandular capsule: a solitary PTC, 0.4 cm distant
from the glandular capsule, with central compartment metas-
tasis. Univariate analysis showed LNM was significantly
more frequent in patients whose tumors showed extrathyroidal
extension (p≤0.001) or capsule invasion signs (p≤0.001), in
patients with signs of lymphovascular invasion (p=0.009), in
larger tumors (p≤0.001) and in those with advanced T stage
(p≤0.001). Besides differences in relative and absolute values,
we could find only marginal significance among tumors tan-
gent to the capsule (See Table 2). We found neck dissection
was significantly more frequent in the group with capsule
invasion tumors (p=0.0028), which may reflects nothing but
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Table 1 Comparative analysis of clinic and histopathological factors among papillary thyroid carcinoma cases according to distance of tumor from the
glandular capsule

Distance of tumor from the glandular capsule *

− 0.1 cm 0 cm 0.1 cm ≥0.2 cm Total p value
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)

Age 47.23(17.97) 45.03(14.02) 49.66(13.55) 49.46(11.46) 47.77(14.58) 0.12

Diameter 3.00(1.99) 1.57(1.23) 1.67(1.72) 0.53(0.66) 1.77(1.72)

Median (min - max) Median (min - max) Median (min - max) Median (min - max) Median (min - max)

Diameter 2(1.1–9) 1.05(0.1–6.5)*** 1(0.04–7)*** 0.4(0.1–4.3) 1.1(0.04–9) <0.001

N=71 % (22.3) N=90 % (28.3) N=109 % (34.3) N=47 % (14.8) N=317 % (100)

M/F 15/56 21.1/78.8 16/74 17.7/82.2 18/91 16.5/83.4 8/39 17.0/82.9 57/260 17.9/82.0 0.881

More aggressive variants** 7 9.8 5 5.5 6 5.5 1 2.1 19 5.9 0.361

Hashimoto’s thyroiditis 15 21.1 26 28.8 41 37.6 14 29.7 96 30.2 0.128

Neuro-vascular or lymphatic invasion 9 12.6 6 6.6 5 4.5 0 0 20 6.3 0.035

T1-2/T3-4 0/71 0/100 71/19 78.8/21.1 96/13 88.0/11.9 46/1 97.8/2.1 213/104 67.1/32.8 <0.001

Neck lymph node metastasis 32 45.0 26 28.8 10 9.1 1 2.1 69 21.7 <0.001

N: absolute frequency; %: Relative frequency; SD Standard Deviation, Min-Max: Variation betweeenMinimum andMaximum; Age in years; Diameter
in centimeters (cm); M/F Male/Female,− 0.1 cm: tumors with extrathyroidal extension; 0 cm: tumors invading glandular capsule but restricted to it;
0.1 cm: tumors at 0.1 cm from the glandular capsule; ≥0.2 cm: tumors at 0.2 cm or more from the glandular capsule; **Considered more agressive
variants: Tall Cell Variant, Columnar Variant, Diffuse Sclerosing Variant and Solid Variant; *** Underlined values do not differ between themselves in
Kruskal-Wallis Test (p=0,271); T: T Staging; F: ANOVA coefficient test;H: Kruskal-Wallis coefficient test;χ2: chi-square coefficient test; p value: level
of significance utilized

Table 2 Comparative analysis of clinic and histopathological factors among papillary thyroid carcinoma cases with or without neck lymph node
metastasis at initial presentation

Absence of neck Lymph node
metastasis

Presence of neck Lymph node
metastasis

Total p value

Mean(SD) Mean(SD) Mean(SD)

Age 48.40(13.92) 45.53(16.66) 47.77(14.58) 0.148

Diameter 1.55(1.66) 2.55(1.71) 1.77(1.72)

Median (min - max) Median (min - max) Median (min - max)

Diameter 0.9(0.04–9) 2(0.4–8) 1.1(0.04–9) <0.001

N=248 % (78.2) N=69 % (21.7) N=317 % (100)

M/F 40/208 16.1/83.8 17/52 24.6/75.3 57/260 17.9/82.0 0.104

More aggressive variants* 12 4.8 6 8.6 18 5.6 0.221

Hashimoto’s thyroiditis 81 32.6 15 21.7 96 30.2 0.810

Neuro-vascular or lymphatic invasion 11 4.4 9 13.0 20 6.3 0.009

Relation to glandular capsule** <0.001

− 0.1 cm 39 15.7 32 46.3 71 22.3 <0.001

0 cm 64 25.8 26 37.6 90 28.3 <0.001

0.1 cm 99 39.9 10 14.4 109 34.3 0.053

≥0.2 cm 46 18.5 1 1.4 47 14.8

T1-2/T3-4 182/66 73.3/26.6 31/38 44.9/55.0 213/104 67.1/32.8 <0.001

N: absolute frequency; %: Relative frequency; SD Standard Deviation, Min-Max: Variation betweeenMinimum andMaximum; Age in years; Diameter
in centimeters (cm); M/F: Male/− 0.1 cm: tumors with extrathyroidal extension; 0 cm: tumors invading glandular capsule but restricted to it; 0.1 cm:
tumors at 0.1 cm from the glandular capsule; ≥0.2 cm: tumors at 0.2 cm or more from the glandular capsule; **Considered more agressive variants: Tall
Cell Variant, Columnar Variant, Diffuse Sclerosing Variant and Solid Variant; T: T Staging; t: t Student test coefficient; U: Mann–Whitney coefficient
test; χ2: chi-square coefficient test; p value: level of significance utilized
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the routine of performing neck dissections only when suspi-
cious or confirmed LNM.

Stepwise regression analysis was used to assess the inde-
pendent factors related to LNM. Table 3 summarizes the odds
ratios and confidence intervals of the factors which showed
statistical significance in multivariate analysis. The set includ-
ed all variables analyzed. Cases with tumors at least 0.2 cm far
from the glandular capsule were used as parameter in relation
to the variable distance. Distance of tumors from the glandular
capsule was found to be an independent risk factor for neck
LNM by logistic regression analysis, though we have found
statistically significant results only for tumors with capsule
invasion signs. Cases with extrathyroidal extension were
24.89 times more likely to show LNM (Exp(B)=24.890; p=
0.002). Patients with tumors with only capsule invasion, with-
out signs of extrathyroidal extension, were 15.61 times more
likely to have LNM (Exp(B)=15.614; p=0.008). Meanwhile
cases whose tumors were tangent to the capsule were 3.7
times more likely to evidence LNM at clinical presentation
(Exp(B)=3.707; p=0.222). Each additional centimeter to tu-
mor diameter added 18.6 % in overall chances (Exp(B)=
1.186; p=0.05) of presenting LNM. When restricting analysis
to cases with only central compartment metastasis, distance
from the glandular capsule and tumor diameter maintained
statistical significance. We observed no cases of lateral com-
partment metastasis among patients with tumors at least
0.2 cm distant from the glandular capsule. Among patients
with only lateral compartment metastasis, glandular capsule
invasion, extrathyroidal extension and gender showed signif-
icance in logistic regression model (See Table 3).

Discussion

PTC is a common finding in general population [19]. Simi-
larly, the prevalence of occult LNM among cases of PTC is
also high [5]. Despite the presence of metastatic lymph nodes
being associated with higher rates of recurrence [20], elective
central and lateral compartment neck dissection is still contro-
versial, since its impact on survival and neck recurrence is not
clear [21, 22]. Wada et al. found discrepancy between the high
frequency of pathologic lymph node involvement and the
rareness of clinical lymph node recurrence in the prophylactic
dissection group. One may attribute this low rate of lymph
node recurrence to the efficacy of the node dissection, but this
cannot be, since the nodal recurrence rate was also low in
those who did not undergo neck node dissection [10].

Though discrepancies between studies, there are strong
evidences of worse outcomes among patients with clinically
evident LNM [8–10]. In our study, univariate and multivariate
analysis were used to evaluate the risk factors for LNM in a
sample whose neck dissections were performed only when
clinical suspicion was present. We found that extrathyroidal
extension and capsular invasion were risk factors in multivar-
iate analysis for both central and lateral compartment LNM.
Increased diameter and male gender were also risk factors for
central and lateral compartment disease, respectively. Our
results are in agreement with previous reports, when male
gender was a risk factor for LNM [5, 23]. Jeong et al. also
found association between male sex, larger tumor size and
LNM rate in multivariate analysis [24]. Gülben et al. found
both multifocality and capsule invasion to be isolated risk

Table 3 Independent factors associated to the presence of neck lymph node metastasis after multiple regression

Neck Lymph Node Metastasis (Central and Lateral Compartment)

Variables β SE p value OR 95 % CI

Lower Upper

Extrathyroidal extension 3.578 1.159 0.002 35.804 3.695 346.951

Capsular invasion only 2.759 1.047 0.008 15.779 2.028 122.754

Neck Lymph Node Metastasis (Central Compartment Only)

Variables β SE p value OR 95 % CI

Lower Upper

Extrathyroidal extension 2.932 1.067 0.006 18.758 2.318 151.788

Capsular invasion only 2.388 1.05 0.023 10.892 1.392 85.213

Diameter 0.211 0.091 0.02 1.235 1.033 1.476

Neck Lymph Node Metastasis (Lateral Compartment Only)

Variables β SE p value OR 95 % CI

Lower Upper

Male Gender 1.052 0.453 0.02 2.862 1.177 6.962

Extrathyroidal extension 2.961 0.66 <0.001 19.309 5.301 70.334

Capsular invasion only 2.117 0.672 0.002 8.304 2.223 31.024

β: Coefficient of determination, SE Standard Error; p value: level of significance utilized, OR Odds Ratio value, CI Confidence Interval
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factors for clinically evident LNM by logistic regression anal-
ysis [25]. Choi et al. reported that degree of tumor
lymphangiogenesis may be related to the risk of lateral
LNM, though extrathyroidal extension showed no signifi-
cance in multivariate analysis [26]. Hunt et al. found that
patients with lateral compartment metastasis were significant-
ly more likely to be younger, to have extrathyroidal extension,
histological characteristics of a conventional variant of PTC
and tumors involving the superior aspect of the thyroid lobe
[27]. Zhang et al., working with solitary tumors, also found
association between upper pole tumors and lateral compart-
ment LNM, besides lower third lesions were associated with
central compartment disease [28]. However even those au-
thors agree they can not exclude that the proximity of the
lesions to the gland periphery may lead to tumors reaching the
thyroid capsule more quickly, leading to earlier lymphatic
spread of tumors even with small-volume disease [27].

Multiple studies recognized capsule invasion and
extrathyroidal disease as important factors in relation to
LNM [29, 30]. Niemeier et al. observed not only that
extrathyroidal extension was associated with aggressive fea-
tures of papillary thyroid microcarcinomas but also that the
simple presence of tumor located at the surface of the thyroid
gland had a strong correlation with LNM [31]. Though the
authors did not discriminate capsular invasive tumors from
those lesions only tangent to the capsule, it is likely that
superficial tumor location may have facilitated tumor spread
into lymphatic channels and regional lymph nodes. Kim et al.
also observed a significant difference in univariate analysis
when studying central LNM and the state of contact of tumors
with the glandular capsule in ultrasonographic examinations
of ≤2 cm PTC patients [32]. Moreover, animal studies sug-
gested that vascular and lymphatic network appears denser in
the subcapsular region, which could explain a predisposition
of LNM in groups with peripherally located tumors [33, 34].
In our study we did not find an association of tumors tangent
to the glandular capsule with LNM, but we could observe a
type of scale which as closer tumors were positioned in
relation to the capsule rising rates of LNM may be expected,
being unfeasible to find neck metastasis among patients with
solitary nodules distant from the glandular capsule (See Ta-
ble 1). It seems cases with a centrally located solitary PTC
represent a subpopulation with low risk of neck metastasis,
which could be benefited from a conservative neck approach.

Our study did have some limitations. We did not exclude
from the analysis cases with occasionally found thyroid can-
cers. Also we cannot exclude the possibility of peripherally
located tumors being associated to a major suspicion of ma-
lignancy, which may influence on neck dissection decisions.
However, as commented above, our routine is to undergo neck
dissections only when patients show clinical or imaging signs
concerning for nodal disease. The only way to reinforce our
results is to conduct a longitudinal study, analyzing lymph

node recurrence rates between peripherally and centrally lo-
cated carcinomas. Our hypothesis will be sustained if our
observations direct to a major prevalence of recurrences
among individuals previously reported as presenting neck
metastasis at initial presentation. Finally we also did not
subclassify PTC extrathyroidal extension in “minimal exten-
sion” or “massive extension”, an important sight when ana-
lyzing prognosis and relapse free survival, as demonstrated by
Ito et al. [35].

In conclusion, when the results of neck preoperative diag-
nostic evaluation are not definitive or are inadequate, clinical
and pathological characteristics may help to predict neck
LNM. Based on this retrospective study, patients with nodules
distant at least 2 mm from the glandular capsule rarely present
with neck metastasis at initial presentation and could be man-
aged conservatively in relation to neck lymph nodes, as far as
clinically unsuspected. The definition of nodule positioning in
relation to the glandular capsule must to be explored in other
studies. As commented above, long-term follow-up studies
are needed to determine the rates of lymph node relapse in that
subpopulation.
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